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FOREWORD. 


The lirst volume of the original edition of this Dictionary was published in 1890 
under tWe editorship of Professor T. E. (later Sir Kdward) Thorpe (Professor of 
(Chemistry in th(‘ Normal School of Science and Eoyal School of Mines, South 
Kensington), who explanied in the [)refac(‘ that the work is essentially a Dictionary 
of Chemistry in its A pplications to the jirts and ]\lanufachires ; hence it deals but 
sparinyly uith the purely scientific aspects of Chemistry, unless these have some direct 
and im/mediale bearing upon the business of the technologist ^ The lirst edition oc-eupied 
three volumes ; the second and third editions, in livt^ and sevcm volumes res])ectiv(‘ly, 
were also edited by Sir Rdward Thorpe, but the third edition was still in course of 
])ublication at the time of his death in 1925. Seven years after its completion this 
edition was brought up to date by the jmblication, in 1951 5(), of two supplementary 
volumes, together with a glossary and index. These were jointly edited l)y Professor 
J. K. (later Sir Jocelyn) Thorpe (Professor of Organic (Jumiistry and l)in*ctor of 
Organic Chemistry Lahoratoiies, Royal College of Science, Imperial (\)lleg(‘ of 
Sci(‘nc(‘ and Technology, South Kensington) and Dr. Martha A. Whiteley (Assistant 
Ih'ofessor of Organic (dieniistry at the same college), thus maintaining the association 
of the- Dictionary with the Chemistry Staff of the Royal College of Science. 

Till*. ])ublicatioii of a supplement was in itself insufficient to keep the Dictionary 
in line with the modinn trend of ap])li(Ml chemistry, for the last one or two decades 
have, shown clearly that ]Rire science and technology, so tacitly distinguished in 
Sir Edwaid Thorp(‘'s original ])refa(‘e, cannot be divorced. This changed attitude 
is reflected in the present edition of the Dictionary, of which Volumes 1 to VJ in- 
clusive have now been published under the above editorship. This edition is wider 
in scjope than the preceding ones, and is intended to be a gmieral work of reference 
for all who arc concerned with various branches of chemistry and chemical industry. 

The death of Sir Jocelyn Thorpe again made new editorial arrangements necessary. 
In order to maintain a balance between the various branches of chemical science an 
Kditorial Board has been formed, comprising Professor 1. M. Heilbron (Professor of 
Organic Chinnistry and Director of the Laboratories for Organic Chemistry at the 
Imperial College) (Chairman), Dr. H. J. Emeleus (Assistant Professor and Reader 
in Inorganic Chemistry at the Imperial College), Professor H. W. Melville (Professor 
of Chemistry in th(’, Iliiiversity of Aberdeen), and Professor A. R. Todd (Sir Samuel 
Hall Professor of (ffiemistry and Director of the Chemical Laboratories in the Uni- 
versity of Manchester). This Board will detcTmine the general editorial policy in 
conjunction with the publishers. Dr. Whiteley continues as Editor, and Dr. A. J. E. 
Welch (Assistant Lecturer in Inorganic Chemistry at the Imperial (Jollego) becomes 
Assistant Editor. 

It is proposed to complete the current edition with seven further volumes, which 
it is hoped to publish at yearly intervals. Although the Board do Jiot consider any 
major mo'dification is called for in the general character of the work, they are of the 
opiniog that certain changes in the 8coj)e of the articles will enhance its value. 
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FOREWORD. 


Nowadays a f^reat and Ki'owiiig part of aj)j)liod (hoiiiistry involves a fundamental 
knowledf^e of ])liysiral cheiiiistry. Tt is, therefore, felt desirable to increase the 
proj)ortion of article's hi t his field. In the view of the Board this important addition 
can be achieviul without increase in the niimher of volumes by the judicious selection 
of the siil>jeci matter, and the ])runin^^ of historical material. Twenty articles on 
])hysico-cliemical subjects are included in this volume and, so far as is possible, 
other articles in this catcf^ory, supplementing those which have appeared in 
Volumes I to V, will b(‘ included in later volumes under modified titles. 

Each siihscfjiicnt voIuiik' will contain an index. An index of the first six volumes 
is included in the pivscnt volume : this has been jirejiareJ by Dr. J. N. Ooldsmith, 
to whom thanks aic due also for valuable assistance in proof-reading. j 

The editorial work of the Dictionary contimn's to be carried on in (^aml)iidg' 
and grateful ackiiowli'dgiiK'iil. is made to tin* Management (Vmunittee of thr 
University ('liemicaJ Laboratory for the accommoihitioii and library facilities'', 
afforded for this purpose. 

M. A. WIIITELEV. 
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VI 

5025 

7* 

^ ‘ antipyrine ’* 
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VI 418c 


Hydro 


Uydron * 
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GLAUBERITE {v. Vol. II. 233c). 

GLAUCANIC ACID (v. Vol. V, 56b). 

GLAUCIC ACID (». Vol. V, 56b). 

GLAUCINE, C,iH„O.N, occurs in several 
plants of the PapaveracetB and Fumariacofie 
family. It was first isolated from Glaucium 
luteum by Probst (Annalcn, 1839, 81 , 241) and 
from the same plant along with protopino by 
R. Fischer (Arch. Pharra. 1901, 239 , 426). 
Since then glaucine has been isolated from 
Corydalis tuherosa (Gadamor, ibid. 1911, 249 , 
224), Dicentra e'jrimia, D. formom and D. 
oregana (Manske, Canad. J. Res. 1933, 8 , 592; 
1934,10,521,765; 1937, 15 , B, 274). Ordinary 
glaucine is dextrorotatory ; Go (J. Pharm. Sor. 
Japan, 1930, 50 , 122 or Chcni. Zcntr. 1931, I, 
791) claims to have obtained l-glaucine from a 
Korean corydalis. 

Extraction of glaucine from Glaucium luteum, 
see Barger and Silberschmidt, J.C.S. 1928, 2923. 
The base was first prepared in a pure state and 
characterised by R. Fischer (l.c.). It crystallises 
in colourless rhombic prisms or bundles of 
needles, m.p. 119-120“, Hb+IIS” (in EtOH). 
The base is soluble in the usual organic solvents, 
as a non-phcnolic aporpliino base (for definition, 
see Gadamer et al, Arch. Pharm. 1925, 263 , 81) ; 
it is also soluble in light petroleum. The salts 
arc crystalline, although they may precipitate as 
jelhes (especially the hydrochloride). Apart from 
its natural source, glaucine has been obtained 
from laurotetanine, N -meihyUaurotetanine, boldine 
and glaucentrine by methylation (Barger and 
Silberschmidt, l.c. ; Spiith and Strauhal, Ber. 
1928, 61 [B], 2398; Spftth and Suominen, ibid. 
1933, 66 fB], 1344; Waniat, ibid. 1925, 58 [B], 
2768; ibid. 1926, 69 [B], 85). 

Glaucine has been synthesised by Gadamer 
(Arch. Pharm. 1911, 249 , 680) by treating a 
diazotised solution of aminolaudanosine (I) with 
copper powder, when phenanthreno-N-methyl- 
tetrahydropapaverine (IT), identical with d/-glau- 
cine, was formed {see also Pschorr, Bor. 1904, 
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Like all racemic aporphino bases, d^-glaucine can 
easily be resolved into the optically active com- 
pounds by moans of the d- and /-tartaric acids. 

Glaucidine, m.p. 238-239“ (decomp, starting 
at 209-210") has been isolated from Papaver 
orienlale (Klee, Arch. Pharm. 1914, 252 , 274) ; it 
is believed to bo closely related tO glaucine. 

Glaucentrine, Ci7H]3N (OH)(OMe)g, m.p. 
148° has been isolated from Dicentra eximia 
(Manske, Canad. J. Res. 1938, 16, 81). By 
methylation with diazomethane glaucine is ob- 
tained. Glaucine is said to induce narcosis ac- 
companied by some tetanising action. 

Schl. 

GLAUCOBILIN (u. Vol. T, 691c). 

GLAUCONIC ACID (?;. Vol. V, 666). 

GLAUCONITE. (Qlauconie, Fr. ; Olau- 
konit, Gcr.) Hydrated silicate of iron, potas- 
sium, etc., of variable composition, found as 
small rounded grains in sedimentary rocks. It 
was named in 1828, from yXavKos, bluish-green, 
on account of its characteristic colour, which is 
of various shades of dark green. The typical 
occurrence of the mineral is the Greensand 
formation (below the Chalk) of the Cretaceous 
system, but it is also met with in sands, sand- 
stones, marls and limestones of all ages from 
the Cambrian, and is forming at the present 
day on the floor of the ocean. The granules 
measure about ^ to 1 mm. in diameter. Under 
the microscope they show a clear green or 
yellowish-green, slightly pleochroic and bire- 
iringent material embedded in a network of 
black, optically isotropic, organic matter, the 
latter having the composition of humic acid. 
The mineral is decomposed by hot concentrated 
hydrochloric acid, and before the blowpipe it is 
fusible with difficulty to a black magnetic slag. 

Analysis I is of grains isolated from a cal- 
careous sandstone in the Upper Greensand at 
Woodbum, Cairickfergus, Co. Antrim (A. P, 
HosMns, Geol. Mag. 1895). II, from the Cam- 
bridge Greensand (G. D. Liveing, Geol. Mag. 
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1866), III gives the extreme values shown in 
ten analyses of glauconito grains isolated from 
Eocene, Cretaceous, and Jurassic sandstones 
and from Lower {Silurian liniestono from various 
Russian localities ; sp.gr. 2-40-2‘87, varying 
like the colour — yellowish-green and dark green 
— with the percentage of iron (K. D. Glinka, 
1896). IV, grains forming 83% of a sandy 
deposit dredged at a depth of 656 fathoms from 
the Pacific off Panama (W. A. Caspari, Proe. 
Roy. iSoe. Kdin. 1910, 30 , 364). V, similar 
material dredged at 110 fathoms from the Agul- 
has Rank, South Africa (W. A. (Caspari, l.c.). 
Numerous analyses of glauconite are cpiotcd by 
C. K. Leith, Monographs, 11. y. (Jeol. 8urvcy, 
1903, 53 , 240. Analyses of Swedisli glauconites, 
l»y N. Sahlhom, Rull. Gcol. Inst. Uinv. Upaala, 
1916, 16, 211 ; A. Jfadding, lAinds Cniv. 
Araskrift, 1932, 28, No. 2. 



I. 

11 . 

IIJ. 

IV. 

V. 




Min. 

Max 



SiOj, . . 

40 00 

.01 00 

41-02 

52 00 

40 12 

.01 15 

aiA . 

] :) 00 

0-f)0 

0 HI 

22 10 

7 00 

7 01 

FeaOj 

J6 HI 

— 

H-17 

23 13 

25 05 

18 83 

FeO . 

1017 

10 .04 

1 32 

5 95 

0 HO 

2 78 

MgO 

1 07 

3 37 

0-00 

4 IJ 

3 10 

4 .04 

CaO . . 

1 07 

0 30 


H 37 



NaaO 

2 l(( 

3 .00 

0 30 

0 08 

_ 


KoO . . 

H 21 

2 47 

.0 74 

0 04 

7 02 

7 HO 

HaO. . 

0 U) 

10 HO 

4 45 

7 88 

7 12 

7 .00 


100 4H 

100 13 

— 

— 

100 20 

100 27 


The ehenucal composition has been discussed 
and a variety of formuhe deduced by A. P. 
Hallimond, Min. Mag. 1922, 19 , 330; C. S. 
Ross, Proe. II. S. Nat. Mus. 1926, 69 , art. 2; 
11. Schneider, J. Geol. 1928, 13 , 589; A. Hud- 
ding, l.c . ; tl. W. Griincr, Anier. Min. 1935, 
20 , 699 ; K. Smulikowski, Arch. Mm. Soe. Sci. 
Varsovie, 1936, 12 , 145. Closely allied to 
glauconite are the minerals eelaclonite (green- 
earth) and grcenalite (this vol., p. 135d). 

The Greensand of England, consisting mainly 
of sandy beds with quartz grains intermixed 
witli glauconite, is developed in the Wealden 
area, the Isle of Wight, and extends from Berk- 
shire and Oxfordshire to Norfolk and Lincoln- 
shire. Some of the limonitic iron-ores of those 
districts may possibly, bke those of the Lake 
Superior region, have been derived by the 
alteration of glauconite. The same formation 
has also a wide distribution on the Continent. 
In America, greensand and glauconitic marls of 
Cretaceous and Tertiary age are developed in 
Now Jersey, Virginia, Kentucky and Tennessee. 
The glauconite marls of New Jersey contain 
KgO l-64-7-08% with PgOg 019-6-87%, and 
have been extensively used in the raw state as 
an agricultural dressing (v. Ann. Rep. State 
Geologist New Jersey, 1886, 1892, 1893). Those 
from Virginia have been used in the preparation 
of commercial fertilisers. Attempts have been 
made to extract potash from greensands (U.S. 
Gool. Survey, Min. Res. for 1911, 1912, ii, 901). 

The frequent association of phosphatic nodules 
with glauconite deposits has some bearing (jn the 
origin of glauconito. The terrigenous deposits 
of green mud and sand formed on the floor of 


the ocean at depths of about 200 to 1000 
fathoms, and found by the “ Challenger ” Ex- 
fiedition to be of wide distribution, particularly 
oft' continental coast lines composed of igneous 
rocks, contain this mineral in considerable 
amount. The potash std free by the weathering 
of the felspars and micas of these rocks and 
carried into the sea is conserved by the forma- 
tion of glauconite, but apparently only through 
organic agencies, which at the same time give 
origin to the phosphatic nodulesf Grains of 
glauconite are frcciucntly* found filling the 
(Jiainbers of foraminifera and other organisms ; 
and in the artificial production of the mineral 
the presence of an organic acid seems to be 
eH.sentiHl (VV A. (Uspari, l.r.}. E. W. Galliher 
(Bull G(‘oJ. Soc. Anier. 1935, 46, 1351) givt^i 
analy.se.H shouing the gradual alteration of 
biotite to glauconite in Monterey Bay, Cali\ 
forma, and suggests that the alteration is due\ 
to .sulphur bacteria in the black mud and alkaline^ 
sea -water. 

L. J. S. 

GLAZES AND FRITS. In the coramie 
industry the term “ glaze ” is intended to con- 
vey a vitreous (‘oating fixed by heat on the 
underlying pottery body. 

BotU'iy bodies cover a very wide range of 
articles marie from clay, which when fired give 
a liard mass, but, cxce})t in the case of clays 
winch of themselves give, w'hcn fired, a perfectly 
Vitreous surface, remain of a porous nature and 
readily absorb moistur(‘, and consequently are 
uiiKuited to domestic requiremciits. It becomes 
necosHary, therefore, alter the first fire, when the 
ware is in what is termed the “ biscuit state,” 
to affix to it a coating which, on being again 
subjected to heat, wdll render it impermeable 
to moisture and impart a smooth and glossy 
surface. 

The term ” glaze,” however, wdiilc being 
understood to refer to this vitreous coating, is 
also applied to the mixture of ground materials 
used in the compounding of such glaze, and 
which mixture may bo either in the form of a dry 
powder or an emulsion of these materials sus- 
pended in water. The terms used for these 
two varieties arc ” dry glaze ” and ” slop glaze,” 
and these arc' often supplied to potters by 
” millers ” specially equipped for their manu- 
facture. The potters thus avoid the trouble of 
making small quantities in their own works. 

Glazes broatlly may be divided into three 
classes, viz., transparciiit, opaque and coloured, 
but all must fulfil certain conditions, viz. ; 

(1) Must be suftic'iently hard to resist abrasion. 

(2) For domestic use should be resistant to the 
action of ordinary acids. 

(3) Must be sufficiently fusible to adhere firmly 
to the body without subjecting this to any undue 
risk of warping during fire, but sufficiently in- 
fusible to prevent running oft' the biscuit ware 
during the firing of the glaze. 

(4) Must have approximately the same co- 
efficient of expansion as the body, to prevent the 
risk of either of the two main faults of glazes, 
viz., crazing and peeling. 

(5) Must hold dissolved, without unsightly 
separations, metallic oxides that have been 
added to impart colour. 
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(U) Must not exert too strong a solvent action 
on the colours used in painting and decoratioy 
of the ware. 

The difficulties attending the fulfilment of 
such varied conditions therefore necessarily in- 
volve much careful study and research work by 
the potter, and having regard to the many 
varieties of bodies used and the conditions 
appertaining to the methods of compounding 
both the body and also the glaze, and the 
methods of* firing, the published recipe of any 
glaze is of very h^tle practical service unless 
accompanied by an accurate description of the 
body on which it is applied, and the many other 
factors involved. Much general information 
may, however, be obtained by a knowledge of 
the fundamental principles involved and the 
materials available to produce the desired rosidt. 

At first sight glass seems to have some of the 
required properties, but when fired on the body 
it yields a dcvitrified mass scarcely sintered 
together. It becomes evident then, that what 
is required is something which, while still of a 
glassy nature, needs additions of other materials 
to render it of service. Ordinary flint glass 
consists of silica, soda, lime and lead, and using 
theye materials as a basis of experiment, the 
necessary additions and alterations can bo made 
to bring about the desired result. 

The composition of glazes varies within very 
wide limits according to the maximum tempera- 
ture required to mature them, the duration of 
the firing and the nature of the body on which 
the}^ are fired. The fusion point of a glaze 
depends on the nature of the ingredients used 
as well as on the relative quantities employed. 
All glazes may be looked upon as glasses, and 
their fusing points will depend largely on the 
ratio of the basic compounds to the acidic 
content in the formation of siheates or boro- 
sdicates and also on the alumina content. 

A convenient method of expressing the com- 
position is in terms of the chemical formula 
which shows at a glance the relative molecular 
proportions of the different oxides present, the 
alumina being kept separate and the sihea and 
boric acid being classed as the acidic content. 

UsuaUy the bivalent basic oxides are collec- 
tively classed as RO, the whole being taken as 
one molecular proportion, then the alumina being 
placed as intermediary, followed by the acids 
(silica and boric acid) . Such method enables easy 
comparison of the large number of recipes in 
existence which themselves give httle indication 
of the true properties, and also enables the potter 
to see at a glance the possibihty of substituting 
other materials for those called for in the recipe 
with the assurance of maintaining the necessary 
equilibrium of the finished glaze. A simple 
example will illustrate the application of this 
principle. 

A recipe for a glaze is given as white lead 25S, 
china clay 52 and flint 81 parts. 

Assuming all the materials to be pure and 
having the formulae : 

Mol. wt. 

White lead, Pb(OH)2,2PbCOa .776 
China clay, Al20a,2Si02,2H20 . 258 
FUnt, tiOj ao 


a simple calculation gives the formula of the 
glaze as PbO ; 0-2 AlgOg, 1'76 SlOg. Such a 
glaze would mature at a relatively low tempera- 
ture, approximately 900°C. 

Grenerally speaking, the maturing point of a 
glaze may be said to be governed by : 

(1) The equivalent proportion between acids 
and bases. 

(2) The proportion of alumina in relation to 
the bases and acids. 

(3) The ratio between the silica and boric 
acid. The higher the silica content of the glaze, 
the less fusible it becomes, therefore the modifi- 
cation of the proportion of silica in a glaze aff ords 
an easy means of regulating its fusibility. 

Expressed in the foregoing manner, the whole 
range of glazes in common use fall within the 
follow'ing limits ; 

Common Pottery. 

RO : 15 SIO2 to RO : 3 SiOj 

Earthenware f Bone China and Stoneiimre. 

RO : 0-25 AlaOj, 2-5 SiOj 
to RO: 0-40 AI2O3, 4-5 SiOj 

Porcelain. 

RO : 0-5 AI2O3, 5 0 SiOa 
to RO: 1-25 AI2O3, 120 SlOg 

with firing temperatures ranging from 900- 
1,450‘’C. 

Glazes fall conveniently into^ four groups 
according to composition, viz. : 

(1) AlkalinCt which are mainly silicates of the 
alkalis or of alkalis and lime. 

(2) Felspathic, consisting of silica, alumina 
and alkalis and containing a large proportion of 
felspar or felspathic rock. 

(3) Lead, consisting mainly of siUeates and 
borosilicates, of alkalis and alkaline earths with 
some alumina and softened by addition of lead 
oxide and boric acid. 

(4) Enamels or opaque glazes, which are usually 
of similar composition to lead glazes, but 
rendered opaque by the addition of opacifying 
agents such as tin oxide, arsenious oxide, 
zirconia, etc. 

Alkaline Glazes. — The simplest example of 
the first type of glaze, i.e. the alkaline, is the 
well-known salt glaze used extensively on stone- 
ware, but also formerly ajjphed to earthenware 
which, when fired, is essentially an alkali- 
alumina silicate. It is produced in practice by 
the introduction of common salt into the kiln 
when the ware is near its vitrifying point. The 
vapour of the salt accompanied by steam de- 
composes the salt into sodium oxide and hydro- 
chloric acid, the former entering into combina- 
tion with the silica, alumina and basic com- 
pounds of the clay to form a sodium alumina 
glass very rich in silica. A very good salt glaze, 
after firing, approximates to the f^ormula ; 

RO : 0-6 AI2O3, 4 0 to 8 0 SiOj 

As the salt gives only the one constituent, viz. : 
NdgO to the RO content, it is evident that the 
remainder of the formula must be taken up 
fromihe body. 

It is also essential that the body shall possess 
the alumina and silica in such a ratio as to give 
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the tDost stable glaze. The body also must con* Knell (Tonind-Ztg. 1896, 20, 495) assumed 
tain sufficient fluxing material to become vitreous that the salt vapour attacked a double silicate 
at a reasonable heat, for if the body be still aluminium and iron in the body ; the sodium 
porous when the alkali fumes are introduced in of the salt displaced the iron of the double 
the kiln, these will bo absorbed by the claywarc sihcate; and the salt glaze remained behind as 
without glazing the surface. a double silicate of aluminium and sodium. The 

Much research work has been done with a iron was supposed to be liberated as ferric 
view to iinding the best relations between the chloride which, in contact with water vapour 
constitution of a c;lay and its ability to form a in the oven, was transformed into ferric oxide 
good salt glaze. Ij. K. Barringer (Trans. Amer. and hydrogen chloride. Ho gives the reactions 
Ceram. »Soc. 1902, 4, 211) proves that, contrary occurring as : ^ * 

to some expressed opinions, it is essential that (A|Fe)203H-Si02+6NaCI 
the clay shall have a certain alumina-silica ratio =-( Al Na3)20g+ Si02+ FCjCI , 

to bo oapabic of giving a good salt glaze lie FeXI.+ 3H,0 = Fe,0,+ 6HCI 
gives the analysis of the clay used, and also oi . . 

the gla7.e, taken from fired speeimens of what is But this view meets with little approval, as the 
known as a first class salt-glaze product. quantity ot iron present in the clay body ex- 

posed to the action of the salt fumes is too 
Clay aualysls. small to account for the amount of glaze formed. 

SiOa 63-11 It IS quite evident, however, that the salt 

AlgOg 23-30 vapour, in attacking the silica and alumina of 

KcgOj 2-235 the body, will have its effect on the iron 

CaO 0-725 content of the clay according to the amount of 

MgO 0-970 iron present, and also to the nature of the fire 

NagO 0-490 just prior to salting, as in the event of this 

KgO 0-930 being “ reducing,” the iron will be reduced to 

SO3 0-240 the ferrous state and give to the finished glaze 

HjO 7-810 a much darker colour than if an oxidising atmo- 

sphere had been maintained throughout the 

99 810 firing and glazing. While salt glaze is mainly 

used in the stoneware industry, it is interesting 

to note that in the early eighteenth century 
corresponding to the formula : much fine earthenware of a good white colour 

0 050 CaO glazed by this process, but it was entirely 

OJOr, MgO 1 100 AI,03\, abandoned with the advent of load glazes 

0-034 Na.O [0 06 Fe O S1O2 The chief advantage of salt glaze is its high 

0-042 K S J ^ resistance to the action of acids and this property 

* 4-1-95 H O extensive use in the manufacture 

* of articles for the chemical industry, 

and the glaze gave In applying the salt glaze the ware is placed 

gjQ 55-475 with the surfaces to be glazed ex- 

Q 21-340 posed to the kiln atmosphere. When the tem- 

*^2-640 perature corresponding to the vitrifying stage 

CaO* ! ! ! 3-500 of the clay ware is reached and a clear fire main- 

l^gQ i i i 1 1 . 0-040 tamed, a quantity of salt is thrown in the fire- 

jyjg Q ’ ' 17-210 holes; this decomposes in the kiln with a 

Q ! ! 0-080 lowering of the temperature inside the kiln of 

* about 100°C. The fires are then fed to restore the 

100-285 temperature to the desired level and a further 
batch of salt introduced ; the same procedure 
. ^1. r 1 repeated three or four times according to 

corresponding to the formula : the quantity of salt used in each application ind 

0-812 NagO"! the composition of the body. After the last salt 

0-002 KjO 1 0-612 application, the reheating is repeated until the 

0-182 CaO (0-048 FCgOgJ maximum temperature is reached, approxi- 

0-002 MgO J mately 1,250°C., when the kiln is allowed to cool. 

It has been suggested (Everhart, J. Amer. 

RO =0-998 Ceram. iSoc. 1930, 13, 401) that the salt, instead 

of being applied by the foregoing method, can 
be utilised as a glaze when embodied in a slip 
It will be noticed that for the clay, AlgOg is and dipped on the ware in the usual way. A 
taken as unity, while in the glaze the sum of clay slip made from the same material as the 
the bases RO is taken as unity, following the body offers the ideal medium for introducing 
practice usually adopted in ceramic calcula- the salt. A mixture of 75 clay to 25 salt ground 
tions. This particular clay is thus seen to have together and applied either by dipping or spray- 
an AlgOg : SiOg ratio of 1:4-6. ing and fired to about 1,150°C. gives a nice 

From further experiments recorded in the smooth surface. This method does not seem 
same work the author still got a good salt^laze, to have passed the experimental stage, but the 
by the addition of free silica to the original clay results so far obtained are quite satisfactory, 
up to the ratio AlgOg to SiOg 1:10. Coloured slips may also be used with good effect. 



GLAZES AND FRITS. 


6 


Felspathic Glazes. — This type covers the 
range usually termed Bristol Glazes which are 
of a felspathic type and maturing at a high 
temperature, 1,260-1,300°C. They are of two 
varieties — transparent and opaque — and mainly 
used on stoneware and glazed bricks. In this 
type a representative formula for a transparent 
glaze would be : (N. D. Wood, Trans. Ceram. 
Soc. 1935, 34, 279) 

018 KjjO'l 

0 38 CaO } %’2l AljOj, 1'95 SiO, 

0-44 ZnOj 

the raw materials usuaUy adopted being felspar, 
whiting, zinc oxide, china clay and flint, whereas 
the opaque variety is produced by varying the 
proportions of the same raw materials and 
adding an opacifying agent such as tin oxide, 
zirconia, arsenious oxide, bone ash, etc. Such 
glazes approximate to the formula : 

0-50 

0-40 ZnO y 0-50 A1 jOg, 3-50 SiO, 

0*10 CaOj 


These glazes possess the advantage of cheap- 
ness, no fritting being required, but they do not 
give a very brilliant surface, so that for the better 
classes of stoneware (domestic and art ware) a 
fritted leadless -glaze is usually adopted with the 
approximate formula as follows : 


Frit 

014 KgO 

0-10 NagO I 

0 09 CaO ( 
0-67 ZnO J 


f 

Ion 


61 SiOg 
13 BgOg 
006 SnOj 


Qlaze containing 3% of above frit 


0 090 NagO I r4 025 SiOj 

0-537 CaO 0-567 AlgOg i 0-037 BgOj 
0-133 BaO [0 053 SnO, 

0-082 ZnO 

A felspathic glaze, as used in the production of 
hard porcelain, both Continental and English, 
with which the body is first fired at a low tempera- 
ture, about 800“C., and then glazed and fired at 
a very high temperature (1, 450-1, 650°C.}, would 
approximate to the formula : 

0-38 clo} 1-33 Al,0„ 16-60 SiO, 

The third group of glazes comprises those con- 
sisting mainly of silicates and boro-silicates with 
some alumina and softened by the addition of 
lead oxide; such include all ordinary English 
earthenware transparent glaze and ^so most 
of the English porcelains. 

The best glazes in this group approximate to 
the formula : 


0-30 KNaO'l 

0-40 CaO ^0-25 AlgOa 

0-30 PbO J 


■2-50-3 00 SiO, 
0-40 BjO, 


and give a good clear transparent glaze when 
fired to ab%ut 1,150°C. 


These glazes, are usually compounded from a 
frit consisting of borax, whiting, flint, felspar 
and china clay, to which is added on grinding 
white lead, felspar or Cornish stone, china clay 
and flint. 

A typical example of bucIl a glaze is ; 

Frit 


Borax 

Whiting 

Cornish stone .... 

Flint 

China clay 

. 37-7 

18-8 
18-8 
. 18-8 
6-6 



99-7 

Glaze 

Frit 

Cornish stone 
Flint 

White lead 


. 36-8 

. 31-8 

. 10-2 
. 21-2 



100-0 

giving formulae : 

Frit 

0-370 KNaOl 
0-630 CaO J 

[■ 0-175 AljjO, 

/1-90 SiO, 
to-64 B,0, 

Glaze 

0-30 KNaO'l 
0-40 CaO 
0-30 PbO J 

|. 0-30 AljOj .{ 

^3-10 SiO, 
LO-36 8,0, 


Fbitt/no. — The limitations of raw glazes 
are so great by reason of the small number 
of materials available that in order to widen the 
field it is essential to resort to the process of 
fritting which accomplishes three objects : 

(1) Makes a soluble substance insoluble. 

(2) Drives out volatile and useless substances 
in the original materials which otherwise would 
have to bo done when the glaze is on the surface 
of the ware. 

(3) Enables small amounts of colouring oxides 
to bo introduced into a glaze which if brought 
in as the raw oxides would not be disseminated 
evenly in the whole mass of glaze. 

Certain rules should be observed in fritting : 

(1) The ratio between acids and bases in the 
frit should be within the range of easy fusion, 
i.e. the acid molecules should not fall below 
the base molecules nor exceed them three times. 
The low limit is exemplified by the formula : 


0-3 Na,01 
0-3 KgO 

04 CaO J 

0-1 AljOg 

/0-7 SIO, 
l0-3 B,0, 

and the high limit by : 


0-3 Na.O 
0-3 K,0 

0-4 CaO 

01 Al,0, 

r2-45 SiO, 
10-6 B,0, 


(2) The two substances most commonly 
requmng fritting are the alkalis, nearly all salts 
of wmch are soluble, and boric acid which is 
itself soluble and also forms some soluble salts. 



GLAZES AND FRITS. 


The alkalis arc rcMnarkable in that they form 
soluble Hilieates ; therefore it is not enough to 
fuse a soluble alkali compound with silica, as this 
would not produce an insoluble silicate. For 
instance, K,^0:2Si02 when fritted is soluble, 
but 0’r>K2O:0-5CaO;2’0SiO2 is insoluble. A 
base which forms an insolubles silicate, e.g. lime, 
lead, zinc, alumina, etc., may reduce or inhibit 
the solubility of thtj alkaline silicates. Boric 
acid also recpiires crossing to make its products 
safe for use. A common practice years ago among 
some pottcTs was to frit boric acid and flint 
together without any basic matter. »Such a frit, 
howc'vcr, IS not insoluble. 

A good rule to follow is to use at least two 
liases other than the alkalis, one of wdiich shall 
be Al^Og if tlic' glaze formula allow's of this. 

(!1) The ratio between the alkalis and boric 
acid 111 the frit formula should be the same as 
in the completed glaze, otherwise some other 
Hcnirec’ of alkali or B^Og will need to be intro- 
du'cd in the glaze, and to avoid this is the, 
objc*et of fritting. 

( 4 ) The ratio b(‘tween the alkalis and thc 
other elc'inents of the frit must not fall below 
that existing in the glaze for the same reason as 
ill ( 3 ). It may e xceed tliis ratio, as additions 
of thc' iiiHoIulilc' bases are readily made in the 
glaze. 

Preparation of Frit . — Any extra time spent on 
the jirf'paration of and the thorough mixing of 
the ingredients of the frit is a very distinct 
advantage as usually tlie materials are purchased 
ready ground, and only need mixing in the 
desired proportions. The practice of mixing 
in a box by means of shovelling cannot be too 
strongly condemned. The method is inefficient 
and raises an injurious dust. A simple means 
of effecting efficient mixing is by moans of a 
cylinder with puddle instead of pebbles, or a 
wooden barrel, preferably with an eccentric 
motion. A well -mixed frit should be readily 
fusible, and time is saved. 

Frit Kiln . — The kiln in general use is of the 
typo of the ordinary horizontal reverberatory 
furnace. The hearth of thc furnace is composed 
of fireclay blocks and slopes to a central hole at 
the side. The fire gases coming from the grate 
pass over a firebridge, and thence over the 
hearth on which the charge has been filled 
through an opening in the top, and then passes 
on over another bridge at the end to the chimney. 

The exit from the kiln is scaled with a fire- 
clay block or a lump of china clay, and when 
the fused mass is ready for running off, this is 
withdrawn and the frit allowed to run into a 
tank of water placed underneath thc opening. 
The water is then drained off and the frit taken 
to store ready to be ground wdth the other 
constituents of the glaze. 

Where only small quantities of frit are re- 
quired, such as frits for coloured glazes, the 
fusion may be conveniently carried out in a 
crucible furnace, many types of which arc 
capable of being used either intermittently or 
continuously, the crucible being emptied into 
water as the frit is fused. Another ifiethod of 
making a small batch is by firing the cnictble in 
the ordinary oven at the required temperature, 
but in this case the frit naturally sets to a hard 


mass on thc cooling of the oven, and is more 
difficult to break up for grinding. 

• In thc typical glaze mentioned in the third 
group thc lead is introduced in a raw state, viz., 
as white lead. 

Some 40 years ago the Government appointed 
a commission to inquire, into the prevalence of 
lead poisoning in the Potteries with a view to 
doing away with thc use of lead in the glazes 
used. It quickly became recognised that it 
would be impossible to prohibit thd use of lead 
compounds altogether, biffc suggestions for 
minimising thc risks took the form of fritting the 
k‘ad with other constituents of the glaze to 
render it insoluble in the gastric juices of the 
workers, and eventually the following restrictioiiB 
were laid down as Special Rules by the Go verm 
ment (“ Home Office Circular, December J 4 thl 
1889 ): \ 

“No glaze into the composition of which leadi 
or a compound of lead, other than galena, enters, 
shall be regarded as satisfying the requirement 
as to insolubility which yields to a dilute solution 
of hydrochloric acid more than 4 % of dry weight 
of a soluble lead ronipound calculated as lead 
monoxide when determined in the following 
manner : ‘ A weighed quantity of dried material 
is to be continuously shaken for one hour, at 
the common temperature, with 1,000 times its 
weight of an aqueous solution of hydrochloric 
acid containing 0 25 of HCI. This solution is 
thereafter to be allowed to stand for one hour, 
and to be passed through a filter. The load salt 
in an aliquot portion of thc clear filtrate is then 
to bo precipitated and weighed as lead sul- 
phate.’ ” 

The general results of the application of these 
regulations to the pottery industry during thc 
last 30 or 40 years has been the practical elimina- 
tion of the grave risk of plumbism amongst 
the operatives. ' 

While the general rule laid down seemed to 
bo simple, many factors in the method of pre- 
paring tho lead frits exert their influence on the 
final solubility of the product. 

T. E. Thorpe in his evidence to thc Lead Com- 
mission stated that “ tho insolubility of the 
lead depends not upon any one oxide or group 
of oxides with which it may bo associated, but 
upon the maintenance of a certain ratio between 
the whole of the basic oxides on the one hand 
and the whole of the acidic oxides on tho other ; 
the acidic oxides in this case being silica and 
boric oxide.” Thorpe therefore proposed an 
empirical rule which gives a very fair indication 
of the “ low solubility ” of a frit or glaze. 

The rule may be stated thus : 

Sum of bases (including Al^Og) x 223 
Sum of acids (including BjOgjxfiO” 

where 223 is the molecular weight oi PbO and 
60 the molecular weight of 8102- 

In taking this rule as a guide for compounding 
a load frit, however, certain factors must be 
considered which are likely to affect tho solu- 
bility : 

(1) The proportion of BgOg to SiOg, for if 
the former is unduly high, the frit produced will 
not conform to the Government test, although 
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Thorpe’s ratio ^ves a figure below the calculated pliers, the most general being the so-called bi- 
limit of solubility. silicate of lead. 

The effect of BgOg on the .solubility of a lead A word of caution should, however, be given 
frit is illustrated as follows, by the work of to those changing from a raw lead to a fritted 

G. D. Horley (Trans. Ceram. Soc. 1935, 34, lead glaze. The composition of a bisilicate of 

166): lead (Pb0,2Si02) is ajjproximately PbO 65 

Frit composition and 8102 35%, but a typical analysis of the 

market product shows that, w^hile being of a 
0-3 KgOI gjQ composition tending to keep the solubility at a 

0-3 CaO > ()-2 AI2O3 *1^0 Q ® low figure, it can hardly bo considered as a true 

0-4 PbOj i 2 3 bisilicate and, unless allowance is made for the 

* other ingredients introduced, the final result of 

boric oxide being the only variable, the glaze may be disapiiointing. 

Analysis of commercial bisilicate of lead : 


7? .... 0 0-1 0-5 0-8 

PbO solubility 0 19 0-91 1 07 5-89% 


while the effect of alumina in coimteraeting the 
deleterious effect of boric oxide is shown in the 
following testa by the same investigator : 

Frit composition : 


0-3 K.O ^ 
0-3 CaO > 
0 4 PbO J 


W AlgOg 


r2-8 SiOa 

\0-8 B2O3 


SiOa . . . 

AlgO.j 

Fe^O^ . . 

MgO . . . 

CaO . . . 

KgO . . . 

Na,0 . . . 

PbO . . . 

Loss on ignition 


31-60 
2 73 
Oil 
0 11 
0-04 
0-28 
0-62 
61 30 
0-20 


99-99 


where alumina is the only variable 


w 3 . . . 0 0-05 0 15 0-30 

PbO solubility 11-38 9-04 5-56 5-46% 

Another suggestion to overcome the action of 
increased solubility is the substitution of boro- 
calcite or colomanite (both insoluble calcium 
borates) as the source of B^O^. 

(2) Another factor affecting the solubility ol 
a lead frit is the fineness of grinding. W. dack- 
Hon and E. M. Rich (Mom. Manchester Phil. 8oe. 
1900, 45. No. 2) sfiou’cd that the scdiibility of 
a frit varies with its degree of fineness. Their 
results obtained on elutriation in Sclibnc’s appa- 
ratus gave : 

Gauge reading 1 5 50 100 era. 

Solubifity . . 17-5 8-7 4-0 1-5% PbO 

While then it is evident that the finenCHS of sub- 
division has an influence on the degree of solu- 
bility, the effect is too small to be of serioiLs 
moment within the limits of fineness occurring 
in actual practice. 

The observations on the solubility of lead frits 
are important, but it must be remembered that 
the Government restrictions are applicable to 
the glaze as a whole and not to the lead flit 
contained in it. The amount of lead frit in a 
standard glaze rarely exceeds onc-third of the 
whole, and it is quite possible that while the 
lead frit itself would not conform to the Thorpe 
ratio, the glaze as a whole might bo well within 
the limits of the Government requirements, the 
remaining two-thirds of the glaze mixture being 
composed of entirely insoluble material. 

In practice, it is usual to adopt the bisilicate 
of lead or even more complex silicates in order I 
to keep the solubility as low as possible, and 
the preparation of low-solubility glazes was con- 
siderably^simplifiod by the introduotion of lead 
silicates of a definite composition by the sup- 


v\ith approximate formula : 

0-04 KNaO'l 

0-01 CaO } 0-09 AI2O3, J-73 SiOg 
0-95 PbO J 


The change in composition fiom a glaze, con- 
taining raw lead compountls, to one of fritted 
load lor a good class earthenware body is in- 
dicated in the following example from actual 
experience. 

The analysis of the original glaze gave : 


SiOa 

AI2O 

CaO 


3 


PbO . . . 

B2O3 . . 

Loss on ignition 


51-40 
6 05 
0 20 
I -90 
3-92 
17-50 
8-06 
3-90 


Approxbnatc formula 


0-3 KNaO^ 
0-4 CaO 
0-29 PbO J 

K 0-25 

Al 0 SiOg 

10-40 B2O3 

The recipe : 




Frit 


Qlazr 


Borax . 

38-0 

Frit 

37-0 

Whiting 

19-0 

White lead 

210 

Cornish stone . 

190 

Cornish stone 

320 

Flint . 

190 

Flint . 

10-0 

China clay 

5-0 




JOO-O 


100-0 


Approximate formula of frit : 

^37 KNaO\ . ^ 

0-63 CaO J AlgOj 


1-90 SiOa 
.0-64 B2O3 
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The low-solubiJity glaze was made up from : 


Borax frit (as above) 44 5 

Lead frit ^ 

Comiah stone 25-0 

Flint 


1(K)0 


This change gave praetjeally the same eheini- 
cal formula and at the name tjiue brought the 
glaze well within the. Home Office requirementH, 
while the appearance and durability wci-o not 
alTected. 

Another very pojnilar composition for a lead 
frit and largely used by potters making their 
own frits is red lead 50, Cornish stone (china 
stone) 25, flint 25 parts with approximate 
formula : 

0 082 KNaO^ 

0-008 CaO } 0-178 Al^Og, 3 008 SIOj 
0-908 PbO J 


Such a frit is found in pratdiee to be more in- 
soluble than the previously mentioned bisilieate. 

Lead Glazes. — The great variety of pottery 
bodies made from such ddferent clays and ad- 
mixtures iici^essitates such a range of glazes, 
that to set a standard to suit all requirements 
would be impossible. The numerous published 
recipes, however, when calculated out to the 
suggested formula, can be reduced to a few main 
types which may be classified according to their 
lead content. 

Red Ware . — This is the simplest and cheapest 
type of glazed pottery formed often from natural 
clay alone, such as is used for common bricks, 
but washed before use. Such clays are fired at 
relatively low temperature, approximately 900'"C. 
The products in this grade consist of such articles 
as milk crocks, common bowls, teapots, etc. 
The glaze for such bodies is of tlie basic type 
and is often applied on the clay ware ; it some- 
times consists solely of a wash of litharge or 
galena, and depends on the adsorption of suffi- 
cient alumina and silica from the body during 
firing to form the glaze. An approximate 
formula of such glaze after firing is : 


PbO 


0-09 AlgOjI 
0-03 Fe^oJ 


1-4 SiOa 


Naturally, such a basic glaze is very liable to the 
action of acids and not to be recommended for 
use on vessels intended for domestic purposes. 

A higher grade of Red Ware is that known as 
“ Rockingham ” which consists of better class 
red clays and often mixed wuth a proportion of 
ball clay or china clay and flint, the desired tone 
of colour being given by the addition of ochre. 
This class of body is usually given a biscuit fire 
at approximately 1,100®C. before being glazed, 
although at the present time considerable 
quantities are being completed in one fire only. 
The glaze for this class is usually of the raw - 
lead type consisting of white load, Cornish stone, 
china clay and, flint, to which is added man- 
ganese dioxide. ^ 

1 Commercial blslllcate. 


An approximate formula is : 

0-20 KNaoJ" AljOgp 2-0 Si02 


with approximately 10% MnOg added. 

Closely allied to the Rockingham grade is the 
one knowm as “ Jet Glaze.” This is apph'ed to 
the same red body as used for Rockingham, but 
to give the jet-black coloured glaze, cobalt 
oxide is substituted for the manganese dioxide 
used in the Rockingham glaz^J. During the last 
few years considerable progress has been made 
with a view to substituting glazes of a low- 
solubility nature for this grade of ware in order 
to be free from the restrictions imposed on users 
of raw -lead glazes. One such low -solubility 
glaze approximates to the formula : < 


0-20 KNaO^ 
0 30 CaO 
0-50 PbO J 




20 SiOj 
30 B 2 O 3 


with the addition of 10% MnOj and com- 
pounded from borax frit, lead frit, Cormsh stone, 
cliina clay and manganese dioxide. 

Another type of high -lead glaze, formerly 
extensively used, is that termed “ Majolica 
Glaze.” This grade of earthenw^aro was in great 
demand years ago in the manufacture of orna- 
mental goods such as flower pots, umbrella 
.stands, pedestals, etc., the body being made 
from a cheap earthenware recipe, fired biscuit 
at a relatively low temperature and covered 
with a soft glaze often made up by the addition 
of colouring oxides to a standard white glaze. 

A typical glaze of this typo would correspond 
to the formula : 


0-25 NagOI 

0-25 CaO y 0-20 ALO. 
0 50 PbO J 


r 2 -5 SiO, 
\0-5 B,0, 


prepared from a frit of the formula : 


0-50 Na^OI r2 0 SiOg 
0-50 CaO / LI O BgOg 

wuth the addition of white lead, china clay and 
fliut. The colouring agent would then be added 
in the desired proportion during the grinding of 
the glaze. 

As will bo seen from the formula?, the fore- 
going four types of glaze are all of high lead- 
content, approximating to between 40 and 50% 
PbO, but are used on common clay bodies of 
uncertain colour.^ Lead glazes are also used 
for what are termed “ white- ware bodies ” and 
these cover a wide range from the common 
earthenware to the highest class semi -porcelain 
and china. 

While the materials used in the various bodies 
are practically the same for all types, the pro- 
portions and qualities vary widely ; a few typical 
examples will furnish a fair idea of the general 
range. 

Common Earthenioare, formerly designated by 
the term C.C. or cream colour. Here the body 
is usually composed of the cheaper varieties of 
china and ball clays with the addition of Cornish 
stone and flint. The clay content i| usually 
higher than in better-class wares, to ensure easy 
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working properties, and the fineness of texture, 
etc., required do not demand so much prepara- 
tion of the clay body. The percentage composi* 
tion of a typical cream -colour body is ball clay 34, 
china clay 26, flint 25 and Cornish stone 15, 
but the glaze used is practically the same in 
both cases. A simple glaze largely used for this 
type before the introduction of the low -solu- 
bility variety had the recipe, white lead 59*0, 
Cornish stone 31*7 and flint 9-3 parts, correspond- 
ing to the formula ^ 

010 KNaOl 

0 05 CaO } 0-20 AljOj, 2-2 SiO, 

0-85 PbO J 


but since the introduction of fritted glazes a more 
general formula has been : 


0 33 KNaOl 

0 33 CaO } 0-25 AljOg 
0 33 PbO J 


r2 r)0 SiOa 
\0-33 B,03 


A typical formula is : 


0-28 KNaOl 

0-29 CaO y 0-24 ALO- 

0-43 PbO J 


’2-70 SIO, 
0-38 BaOj 


maturing at a temperature of 970°C., com- 
pounded from borax frit, Cornish stone, china 
clay and white lead. 

Leadless Glazes. — The restrictions on the 
use of lead have lead to much research to find 
a satisfactory glaze entirely free from that sub- 
stance, with the result that many lead-free glazes 
arc now in use ; these, while giving very good 
results, do not quite roacli the brilliance obtained 
w'hen using lead ; nor is the palette of the 
decorator so unlimited, as many colours are 
aflFeeted both in tint and brilliance by the absence 
of lead. 

One of the first such hadhsa glazes used some 
50 years ago was composed of a frit as follows : 


made up from a borax frit with Corni.sh stone, 
china clay and white lead added. 

The bodies for the higher grade of earthen- 
ware and semi-porcelain and the type formerly 
known as “ Granite ” are usually compounded 
from better class clays and Cornish stone ; the 
clay content is lower and the flint and stone 
content higher, thus giving a better colour and 
increased vitreousncss. A body of this type will 
approximate to the recipe, ball clay 30, china 
clay 20, flint 33 and Cornish stone 17%, and to 
give extra whiteness a small proportion of cobalt 
oxide stain is added, approximately 1 in 12,000 
parts. The working clay is prepared with ex- 
treme care to ensure as clean a body as possible. 

The body of china is distinguishable from 
earthenware by reason of its translueence, and 
is compounded from calcined bone, Cornish 
stone and china clay with the addition of a small 
quantity of hall clay to increase plasticity, al- 
though this detracts somewhat from the perfect 
colour. 

A typical bone-china body has trhe following 
percentage composition : bone 40, Cornish stone 
29, china clay 23 and ball clay 2, varying slightly 
according to quality required. 

The glaze usually adopted for both the bettor 
class earthenware and the china is now the low- 
solubility type composed of borax frit, lead frit 
and mill mixture, being mainly Cornish stone, 
flint and china clay. 

A typical formula would be : 


Felspar 47 0 

Borax 30-0 

Sand C-5 

China clay 5-6 

Nitre 5-5 

Soda ash 5-5 


5% calcined borax added during grinding. 


Corresponds to formula : 


0-42 KjO \ 
0-58 Na^Of 


0-42 Al,0, 


■2-50 SiO, 

0-80 BaOs 


Such a glaze was found to have a marked effect 
on the colours used in decoration, and owing to 
high content of B2O3, and to being all fritted, 
difficulty was experienced in keeping the glaze 
111 suspension during the dipping process. At 
the present time, the practice conforms to the 
use of a glaze apjiroximating to the formula : 


0 57 CaO \ 
0 43 KNaOj 


0-45 AI 2 O 3 


■3-.50 SiOj 
.0 55 B2O3 


compounded from a frit consisting of : 


Borax . 
Flint . 
Whiting . 
Felspar 
(ffiina clay 


27-0 

200 

120 

22-5 

18-5 


with 2i% china clay added during grinding. 


0-260 NaoO | 
0-383 CaO 
0 288 PbO J 


0-29 AlgOg 


'2-80 SiOj 
0-50 BgOg 


Such glazes represent a lead content of approxi- 
mately 18% PbO. 

Other white-ware glazes in which lead is used 
are those for white tiles, in which the body con- 
tains a very high proportion of flint, sometimes 
as high as 45% owing to the necessity of freedom 
from warping during firing. The glaze for such 
liodies is usually much higher in lead content 
than the other white-ware bodies, varying from 
26 to 40% PbO. 


Such a glaze in practice gives a very satis- 
factory result. 

Other Icadless glazes, apart from those covered 
by the first class, are those termed : 

/Slip Glazes . — These are mainly used in con- 
nection with once -fired stoneware ; in some 
cases they may be simply a very fusible clay 
giving of itself a good even glaze when fired. 
The best example of such a clay glaze is the one 
known as ** Albany Slip,'' largely used in the 
United States and having the formula : 


^-1954 K^O 'I 
0-4592 CaO } 
0-3464 MgOj 


0-608 AI 3 O 
0-810 FejO 


•J 


3-966 SiO 


I 
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giving when fired to approximately 1,250"C. a 
good dark brown colour. 

The colour is, liow(‘ver, a drawback for some 
purptjscH, and to meet tlic demand for a cleaner 
looking lining for the ware, j)0tter3 renort to a 
whitish ficrni-opaqiie glaze compoHcd of felnpar 
or Coniinh atone, whiting and hint with Home- 
timcH a little barytes and, if required, soltened 
by a small pro})ortion of a soft frit. 

Such a glaze taken from practice has the 
following formula ■ 


0-20 KNaOl 
0 ’r)H CaO y 
0 -ir> BaO J 


O oO AI2O3 


' 4-41 SiOa 

.0 0;i B2O3 


A very Nimide slip glaze may be compounded 
from rdrnish stone 7.1, Jelspar 15 and whiting 
10% and maturing at np|)roximatcly 1,250'’C., 
giving the formula : 


0-40 KNaO\ 
(XUiCaO j 


0-70 AbPg, 5 :M S1O2 


Coloured Glazes. —This form is mainly used 
to describe those bodies covered entirely with a 
glaze in which is inc'orporatcd a certain propor- 
tion of a colouring oxide, and does not refer to 
the colouring obtained by the use of a ])rinted or 
[Minted de(‘orati()n on the biscuit ware. 

Such glazes are usually confined to majolica 
ware and to tiles, but sometimes they are also 
used in stoneware*. In the case of majolica and 
tiles, it is essential that the firing temperature 
be relatively low, approximately 960°C., conse- 
(jucntly the lead content is high. To give the 
necessary colour, it is usual to grind a per- 
centage of colouring oxide with a portion of the 
glaze and then mix well with the whole batch. 
A more satisfactory method, however, is to use 
(1) a batch of transparent glaze, (2) a batch of 
coloured glaze too high in colouring oxide for 
the purpose required. By using suitable propor- 
tions of each, any desired blend can be obtained. 
Much time is saved by adopting this method and 
the inconv^enience of storing a large number of 
blends is avoided. A simple example will 
illustrate the procedure : 

Transparent glaze No. 1, formula 1-00 PbO: 
0-16 Al20g, 1-75 Si02, and with this as base a 
series of majolica glazes are to be made with 
cobalt oxide as colouring agent. 

For this purpose a glaze No. 2 is made up, 
having the formula : 

0-20 Coo} A'203, 1-75 SIO2 

This glaze w'ill bo black in colour and can be 
used with No. 1 in any desired proportion. 

If glaze No. 3 is required to contain 0 02 
mol. parts of CoO, the difference between the 
CoO content of glaze No. 2 and the required 
CoO content of glaze No. 3 is 0-18 mol. parts. 
Dividing the difference in the CoO content of the 
desired glaze and one extreme by the total differ- 
ence between the two extremes gives a fraction 
expressing the proportion of the opposite ex- 
treme to be used in the mixture, thus : 

Desired difference 01 8 • 

Total difference ”0-20 ~ 


Therefore glaze No. 3 requires : 

• 0-9 molecular parts glaze No. 1 

0 1 „ „ „ 2 . 

This method has the advantage that the 
glazes Nos. 1 and 2 can be kept in the slop state 
and thus readily mixed without the necessity of 
drying ; the only precaution being that the dry 
content per unit volume of the slop glazes be 
known. • 

A more jierfect mixture is^ however, obtained 
if the colouring oxide in glaze No. 2 is embodied 
in a fritted form. 

Matt Glazes. — Of recent years, such glazes 
have received much attention owing to their 
decorative possibilities and are largely used ip 
the tile and ornamental trades. Many of these 
glazes are compounded by the addition to a 
transparent glaze of a so-called matt mixture,! 
depending for its composition on the type and' 
colour of the surface required. The matt effect 
is produced by the addition of either alumina, 
lime or magnesia, with the addition of zinc 
oxide to give the desired sheen. These glazes 
may also be made direct as raw glazes. A typical 
rawmatt-glaze has the composition: red lead420, 
whiting 6*4, felspar 16 0, china clay 21-5, flint 
10-6 and zinc oxide 3 5%, corresponding to the 
formula : 

010 KNaO->| 

0.00 CaO 

0-57 PbO ^0 35 AI2O3 1-60 SiO, 

0135 ZnO J 

and matures at l,080"t!. 

Many examples of such glazes are quoted by 
G. F. Binns (Trans. Amer. Ceram. Soc. 1903, 5, 
.50). 

A type of lime matt-glaze i.s produced by 
the addition of approximately 25% whiting to 
an ordinary low-.solubility transparent glaze. 
Coloured matt-glazes may be produced by using 
any of the usual coloured glazes with the addition 
of a matt mixture, this being either added to the 
transparent glaze f»r sometimes dipped on the 
top of the glazed piece before firing. One such 
matt mixture used in practice has the per- 
centage composition : SiOj 36-97, AI2O3 9-36, 
TiOg 9-90, MgO 19-27 and COg 23-47, corre- 
sponding to the formula ; 

MgO : 0 2 AIjO, -[0.20 TiO* 

Care must be taken in the selection of a suit- 
able matt mixture as this will exercise con- 
siderable influence on the final colour. As an 
instance, if the above matt mixture be super- 
imposed on a blue glaze, the resultant colour 
instead of being a matt blue will be of a dark 
plum colour, owing to the action of the magnesia 
on the cobalt oxide in the base glaze. 

Fireclay G lazes. — The usual colour of fireclay 
when fired is a deep buff, and if glazed with a 
transparent glaze the same colour is naturally 
apparent. In such cases as cheap cane sanitary- 
ware, this colour is not considered detrimental, 
but in the cose of better-class ware, the trade 
demands a white appearance. This effect can 
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lie produced on the bufiF coloured body by the 
use of an engobe, which is an intermediary 
between body and glaze and is usually made by 
mixing part of the buff body with a proportion 
of a white -burning clay. In the higher class of 
fireclay sanitary -ware, it is necessary to have 
several coats of the engobo to mask thoroughly 
the colour of the body, and each succeeding coat 
should have a higher proportion of the white body, 
thus gradually correcting any differences in the 
oontractioif of the original body and that of the 
white engobe. The composition of the wdiite 
engobo usually approximates to that of an 
ordinary earthenware body. The glaze then 
applied on the engobe will approximate to 
formula : 


Outstanding pieces of these productions are to 
be seen in the showrooms of the Royal Works at 
Sevres. 

The Royal Copenhagen factory has also 
specialised in crystalline glazes, but their 
results are obtained by two fires. The first glaze 
is of the hard porcelain type, approximating 
to the formula : 

n clo} 1-33 AIjO,, 15-6 SiO, 

maturing at approximately ],450°C., and on 
this a softer glaze high in zinc oxide is applied 
having the formula : 


0-24 KNaO^ 
() r)4 CaO I 
0-13 BaO ( 
010 ZnO J 


0-55 AlgOg 


'4 5 SiOa 
.0 05 SnOg 


and will mature at about 1,250‘^'C. 

A similar proreduro will bo followed in the 
production of glazed bricks with possibly the 
addition of colouring oxides as required. 

The composition of the glaze will, of course, 
depend on that of the body and this will vary 
according to the grade of the fireclay used, but 
the quoted example is one taken from practice 
and used on a second-class fireclay and gives a 
fair indication of the composition of such glazes. 

Decorative Glazes. — Many varieties of glaze 
are used for the purpose of decoration. The 
beautiful effects of many of the art potteries 
and also of the studio potters are examples of 
what can be done by the blending of coloured 
glazes in producing pleasing effects. Such 
glazes are usually of the majolica type, and the 
effects are produced by superimposing one glaze 
on the other before firing, as instanced by dipping 
a turquoise glaze on the top of a blue one. 
Mottling can also be introduced with good effect 
by dabbing one colour with a sponge on the 
ware and then dipping the piece in a glaze of 
another colour. 

From an academic standpoint, the outstanding 
example of a decorative glaze is the one known 
as crystalline glaze. The application to ceramics 
of super-saturation, so usual in pure chemistry, 
has long exerted a fascination on ceramic chemists 
w^bose object was to introduce substances into the 
glaze which, during the cooUng process, would 
separate out as crystals. Up to the present 
time zinc oxide has been found to give the most 
satisfactory results in the production of crystals 
of zinc silicate. Various colouring oxides can 
be added in small proportions to enhance the 
effect of the crystallisation. The earliest work 
on the subject was done by Lauth and Dutailly 
and reported in their work “ La Manufacture 
Nationalo do Sevres,” 1879-87; Paris, Libraire 
I. B. Bailliere et Fils, 1889, in which they give 
the following recipe for producing the best crystals 
when fired to a temperature of 1,350°C. : SiO* 
57-49, AlaOg 11-68, CaO 6-72, NaKO 6-12 and 
ZnO 18-00%, corresponding to the formula: 


Zno} 

and tired to approximately 1,,'150®C, 

Softer crystalline glazes can bo compounded 
by the substitution of boric acid for part of the 
silica. 

A simple low temperature glaze maturing at 
1,150 'C. has the following recipe : leadless glaze 
100, zinc oxide 20, rutile 10 and cobalt oxide 1 
part, of formula : 


0-56 CaO \ 
0-44 NaKO; 


0 47 AljO, 


'3-40 SiOg 

.0-62 BjOj 


Many other examples of such glazes are included 
in a paper by Purdy and Krehbiel (J. Amer. 
(Jeram. 8oc. 1907, 9, 319). 

Crackled Glazes. — One of the chief defects of 
glazes, viz., crazing, has been utilised, originally 
by the Chinese and Japanese potters, as a means 
of decoration under the term “ Craquele.” This 
effect has also been developed in the researches 
of Lauth and Dutailly (Bull. Soc. chim. 1888, 
[ii|, 49, 948) who found that by modifying the 
composition of an ordinary stable glaze, by in- 
creasing the silica and alkali content and 
decreasing the lime and alumina, very handsome 
crackled glazes can be produced on soft porcelain, 
and they give the following recipes : 



Ordinary 

Oraekled glaze. 


glaze. 

No. 1. 

No. 2. 

SiOa . . . 

66 IS 

79-42 

69-92 

AUO 3 . . 

14-5.5 

11-89 

18-13 

CaO . . . 

15-90 

2-88 

— 

Alkalis 

3-55 

5-81 

11-90 


corresponding to the formula* : 

Ordinary glaze : 

0-15 KN°o} 0-^26 Al,0„ 3-28 SiO, 

Crackled No. 1 : 

0.74 KNao} 0 ^1,0,. 10-40 SiO, 


0-28 CaO I 

019 NaKO y 0-277 Al,0„ 2-020 SiO, 
0-5? ZnO J 


(^ackled No. 2 : 

1-00 KNaO : 0-11 AljOj, 7-60 SiO, 
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The temperature required for the tiring of the 
crackled glaze is higher than the ordinary glaze. 
Some very pretty effects are produced by tilling 
up the tine cracks (crazes) with a very fusible 
coloured frit and tiring again at a low tempera- 
ture. 

Aventurine Glaze. — This is another example 
of a typo of crystals produced at a low tempera- 
ture, approximately OtiO^C., showing, when 
proi>erly matured, golden spangles or crystals in a 
red ground. Usually the best results are obtained 
in glazes free from lead and with about 25% of 
iron oxide, of which a great part separates out 
in a crystalline state on cooling. Anon., Sprcch 
saal, 1906, 89, 264, gives the following recipe : 


Frit 

tSand 444 

Borax .330 

Ferric oxide 148 

Felspar 14 

Potassium nitrate 38 

Barium carbonate 27 


corresponding to the formula : 

0-929 NaKO\ ro Ol.3 Al^Ogl /3-91 SiOj 
0-071 BaO /to-479 FejOgj ^9 BgOg 

Oxidising conditions are essential to produce 
the desired result. 

Red Glaze . — A good red glaze without crystals 
can be produced from the above recipe, by the 
addition of 33 J% bisilicate of lead and firing to 
a temperature of 1,100”C. 

Rouge Flamb^, Chinese Red or Sang de 
Boeuf. — This glaze, originally the work ot the 
Chinese, has been the subject of much research 
work, mainly by Lauth and Dutailly (Bull. 8oc. 
Chim. 1888, [ii], 49, 591) and Seger (“Soger’s 
Collected Works,” 1902, II, 708). 

Tho colouring agent is undoubtedly copper, 
but the results obtained are due to the nature 
of the glaze and its mixing and application, and 
more especially to the method of firing. 

An analysis of a piece of glaze from a Chinese 
vase gave tho following results: SiOg 73*90, 
AljOg 6 00, FejOj 210, CaO 7*30, K^O 3-00, 
Na,0 310 and CuO 4*60%. 

A glaze made up from this recipe and npph'ed 
to a porcelain body and fired in a reducing fire 
in a special kiln gave the first satisfactory results 
produced in Europe. The great difiiculties 
attending the production of the true Chinese 
FIamb6 have led to many attempts to simplify the 
method, and a very popular one is that of coat- 
ing the already glazed piece with a mixture of 
china clay and copper carbonate or acetate 
and firing at a low temperature, approximately 
800°C., in a reducing atmosphere; on drawing 
from kiln, the clay is washed off, leaving the 
original glaze impregnated with a deposit of 
copper and, if properly compounded and fired, 
giving a rich Sang de Boeuf effect. 

Defects of Glazes. — Tho two principal defects 
to which glazes on pottery are subject are 
(1) “ crazing ” and (2) “ peeling.” 

Crazing is the defect appearing on the su^ace 
of the ware in the form of a network of fine 
cracks, while peeling takes the form of the glaze 


“ chipping ” or “ scaling ” off the surface of the 
ware, usually at the edges. 

• Broadly speaking, both faults are attributed 
to the same cause, viz,, a difference in tho co- 
efficients of expansion of the body and the glaze. 
If tho glaze, during cooling, contracts more 
than the body, strains are set up and crazing 
will result, while if the glaze during cooling con- 
tracts less than tho body, the glaze peels or 
scales off. 8uch statement appears on the face 
very simple, but there arc so many Other factors 
to he considered that those interested in the 
subject should consult the voluminous survey of 
tho literature up to 1934 compiled by J. W. Mcllor 
(Trans. Ceram. Soc. 1935, 34, 1-112) as well as 
recent work on various aspects of crazing by 
H. W. Webb {ibid. 1939, 38, 75) and F. T. Wood 
and S. R. Hind {ibid. 1939, 38, 435). \ 

While tho actual principles involved are stilA 
the subject of much discussion, tho practical i 
potter has at hand ready means of controlling 
the fault. Tho usual remedy adopted to pre- 
vent crazing is to increase the silica content of 
the body, while to remedy peeling, the lowering 
of the silica content is the method adopted. 
The altering of tho body is usually preferred to 
any interference with tho glaze, as it is inferred 
that the body materials are more liable to fluc- 
tuation than those of the glaze. If, however, 
the latter bo adopted, tho silica content of tho 
glaze must bo raised to lower the tendency to 
crazing, while to remedy pechng the silica 
content must bo reduced. 

Seger, whose pioneer work on the subject has 
been the main guide for succeeding workers, 
formulated a scries of rules which, while not 
universally applicable to all conditions existing 
in pottery bodies, forms a very serviceable basis 
on which to work, but as mentioned above, the 
practical potter does not concern himself much 
with the academic issue involved while ho has a 
ready and simple means of overcoming the 
trouble. 

Full details of Segcr’s Rules may be found in 
“ Soger’s Collected Works,” 1902, II, 667, 681. 

Enamels. — This term is usually applied to 
glasses rendered opaque by tho addition of 
colouring oxides, but in ceramics is understood 
to mean soft glazes with which are incorporated 
colouring oxides and applied to the ware in 
what is known as “on glaze ” decoration, and 
ihorefore commonly called “ enamel colours.” 

These colours consist of colour base and flux. 
The colour base may be metallic oxides alone or 
nli cates, borates or aluminates of the metals. In 
some cases the colour base and flux are simply 
ground together while in other cases they are 
Fitted together, thus ensuring a perfectly uni- 
brm product. The maturing temperature for 
snamel colours varies between 760® and 860® C. 
The composition of the flux must necessarily be 
considered in its relation to the oxide used and 
also to the nature of the glaze as the final colour 
produced will depend on agreement of the two, so 
that the composition of fluxes varies very widely . 

Three essential properties of the finished 
colour are : 

(1) Must adhere strongly to the glaze. 

(2) Must be fusible enough to pei^trate to 
the desired depth. 
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(3) Must have a correct coefficient of expan 
sion to prevent scaling or peeling. 

The commonest flux used in this country i^| 
known as No. 8 flux and is made by fritting, at 
approximately OOCC., red lead 30, borax 20 and 
flint 10 parts, corresponding to the formula : 

0-285 Na20\ fO-OO SiO, 

0 715 PbO J 10-57 BjOj 

A typical Iccipe is as follows : 

White Knamel. — Tin oxide 20, felspar 10 and 
No. 8 flux 20 parts, ground together. 

Coloured enamels may be produced by the 
addition to the flux of the various oxides thus : 
cobalt for blues ; chromium or copper for greens ; 
manganese for browns ; antimony or uranium 
for yellows ; iron for reds; and iridium or a mix- 
ture of cobalt and manganese for black. 

Under-Glaze Colours. — These colours are 
used on what is termed biscuit ware and are 
developed by the covering glaze during firing. 
The colour itself will be influenced by : 

(1) The temperature of the kiln. 

(2) The atmosphere of the kiln. 

(3) To some extent by the composition of the 
body. 

(4) The composition of the glaze. 

The high temperature necessary to fuse the 
glaze naturally limits to some extent the variety 
of colours used for under-glaze decoration. 

The general colours in use are blue, black, 
brow'n, green, yellow and pink, and are made up 
from colouring oxides with the addition of flux- 
ing material. 

A typical recipe is: Blue, — Cobalt oxide 1, 
zinc oxide 4 and flint 2 parts, calcined at 
approximately l,2r)0"C. and finely ground. Any 
desired shade may be obtained by the addition 
of flux consisting of approximately : flint 12, 
Cornish stone 12, whiting 5 and borax 4 parts, 
fritted at 1,000°C. 

Blacks are usually prepared from mixtures 
of iron, chrome and cobalt, and a typical recipe 
is : FCjOg 80, Cr203 76-2 and Co^Og 10 parts, 
fritted at 1,250“C. 

Greens are obtained from chromium or copper 
oxides ; 

Pinks from tin oxide, whiting and potassium 
dichromate ; 

Browns from manganese and mixtures of 
manganese and chromium oxides ; 

Yellow from uranium and antimony oxides. 

A. H. 

G LESS IT E {v. Vol. I, 302d). 

GLIADIN (u. Vol. II, 86a). 

GLIMMERTON {v. Vol. Ill, 196c). 

“ CLOBLAK ” (v. Vol. II, 480a). 

GLOBULINS. General term for proteins 
which are coagulated by heat, are insoluble in 
water but dissolve in dilute solutions of neutral 
salts, acids and alkalis. They are precipitated 
in half-saturated ammonium sulphate or in fully 
saturated sodium chloride or magnesium sul- 
phate solutions. 

GLOBULOL. The sesquiterpene alcohol, 
globulol, b.p. '283°/766 mm., [a]|) “36-29°, occurs 
in the essential oil from the leaves of Eucalyptus 
globulus ^Schimmel’s Report, 1904, 1, 46; 
Semmler and Tobias, Ber. 1913, 40, 2030; 


Buzioka, Pontalti and Balas, Helv. Chim. Acta, 
1923, 6, 861). On dehydrogenation it yields 
cadalene (q.v.) but its structure has not been 
determined. 

J. L. S. 

GLONOIN(E OIL {v. Vol. IV, 491d). 

GLORIOSINE (v. Vol. Ill, 276c). 

GLUCAL (V. Vol. II, 294c). 

GLUCINUM [Beryllium). Be. At, no. 4. 
At. wt. 9-02. Two isotopes (8), 9. This fourth 
member of the atomic series was first detected in 
beryl by L. N. Vauquelin (Ann. Chim. Phys, 
1798, [i], 26, 155), and from this source he 
isolated the oxide “ la torro du beril ” and pre- 
pared some of its salts ,- in a footnote [l.c. 169) 
the editors of the Annales proposed the name 
gluciiie for the oxide on account of the alleged 
sweet taste of the salts. The metal was not 
isolated until 30 years later when Wohler ob- 
tained it by heating the chloride with potassium. 
He called it beryllium, the name by which it is 
best known, and which will bo adopted through- 
out this article. The name still used in France 
is glucinium. 

There are several beryllium minerals, such os 
cuclase, Be(AIOH)Si04 ; phenakite, Be2Si04; 
chrysobcryl, BeAl204; beryllonite, NaBeP04; 
and hambergite, BegCOHlBOg; but beryl, 
BCgAIgSigO^g, is still the only practical source 
of the metal although its refractory nature has 
led to much effort in devising suitable methods 
for its decomposition. Usually, some modifi- 
cation of Copaux’s method is adopted (Compt. 
rend. 1919, 168, 610) in which the finely ground 
mineral is fused with sodium silicofliioride at 
about 700-800°C. Aluminium and magnesium 
form insoluble fluorides, ferric iron is unattacked 
while the soluble double fluoride, NaBeFg, is 
extracted with water. Air is blown through the 
solution to oxidise any ferrous iron, which is 
then removed, and the filtrate is evaporated to 
yield crystals of the double fluoride. From this 
product pure beryllium compounds may be 
obtained by one of the following methods : — 

(a) A solution of the double salt is treated with 
a slight excess of lime and the precipitate of 
CaFg, Be(OH)2 and excess Ca(OH)2 is ex- 
tracted with hydrofluoric acid; evaporation of 
the filtrate at 100° yields the hydrated fluoride 
or basic fluorides which, when heated to 300°, 
produce the oxyfluoride, 2BeO-6BeF2 (lUig 
et al., Wiss. Vcroffontl. Siemens-Konzem, 1929, 
8, [i], 34). 

(b) The double salt solution is allowed to 
react with silica and silicofluoric acid according 
to the equation 

6NaBeF3+2HaSIF4+Si02 

=6BeF2+3Na2SiF4-f-2H,0 

After removing the insoluble sodium siheo- 
fluoride the filtrate is worked up as in (a) (see 
also Gadeau, R6v. Met. 1935, 32, 627, and F.P. 
742619). 

(c) The double fluoride is converted to sul- 
phate by heating with cone, sulphuric acid, 
any alkaline earth sulphate being removed 
and the filtrate oxidised with hydrogen peroxide. 
A quarter of the resulting solution is treated 
with ammonia, the crude beryllium hydroxide 
filtered off and a part of it added to the re- 
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maining Bolution thereby caiiuing precipitation 
of much of the impurity. The proccBs is re- 
]>cated and the liiial filtrate acted on ^iih 
hydrogen Buljdudc to remove traccB of the heavy 
metals. Dilution of the solution with B-S f) 
times its volume of water induces precipitation 
of the hydroxide ; the basic sulphate (about 
10% SOg) which it contains is decomposed by 
heating with carbon black at 700"' (Hloman, 
J.S.C.l. 1029, 48. 309t). 

More recently it has been found that beryl 
which has been heated to its melting-point and 
then quenched in water is easily attacked by 
strong Bulxihuric acid. The solution of lieryl- 
lium. aluminium and alkali sulphates is then 
concentrated, the removal of alurniniuiu being 
facilitated adding ammonium sulphate so that 
an alum crystallises out. The resulting beryl- 
lium sulphate is decomposi'd to the oxide at 
1,450” (Saw'yer and Kjcllgreii, Ind. Eng. (’hem. 
1938, 80, 501). 

PRErARATiON OF THE Metai.. — Large-scalc 
production of the metal is carried out by 
electrolysis of fused salts, a procedure whicl 
was first successfully employed by Jxbeau 
(Compt. rend. 1898, 126, 744) wdio electrolysod 
a fused mixture of sodium and beryllium 
fluorides at StX)” in a nickel crucible whid, 
served as tlie cathode and upon which the metal 
was deposited in flakes. For coherent deposits 
the bath temperature must exceed the melting 
point of bervlliuin and in order to achieve this 
barium fluornh' is added ; even so there is always 
a notable volatilisation of beryllium fluoride. 
Usually a graphite pot is employed with graphite 
anodes, the cathode being a water-cooled iron or 
flteel rod tippc'd with beryllium (IBtock and Gold- 
schmidt, G.P. 375824; B.P. J 92970; Vivian, 
Trans. Faraday Soe. 1920, 22, 211). Later 
work has shown that it is preferable to use 
mixtures of beryllium oxyfluoride with sodium 
or barium fluoride. The process is made con- 
tinuous by adding oxyfluoride from time to time ; 
volatilised salts are recovered by means of ab- 
sorption towers (G,P. 407247 ; li.P. 278723), 
Fused mixtures of beryllium and alkali 
clilorides have also been eleetrolysijd at temjiera- 
tures between 370 and 400”C. The metal 
separates as spangles which are rendered co- 
herent by pressing into rods and melting under 
fused barium chloride (il.P. 377858, 434338). 

Beryllium produced electrolytically is contami- 
nated with oxide, nitride and carbide ; a surface 
skin of the last-named is always noticeable but 
may be removed by dipping the metal in molten 
sodium hydroxide. Impurities may also be got 
rid of by melting the crude metal either in vacuo 
in a high-frequency induction furnace or under 
a mixture of alkali and alkaline-earth halides 
when the dross sinks to the bottom. Further 
purification can be achieved by subliming the 
metal in a high vacuum (Vivian, /.c.; G.P. 
443944, 405525 ; 81oman, J. Inst. Metals, 1932, 
49, 365 ; Losana, Alluminio, 1939, 8, 67). 

Nuclear Reactjons. — Beryllium is ap- 
parently a simple element in that the mass 
spectrograph fails to reveal any lines other than 
that corresponding to a mass of 9 ; nevertheless, 
the isotope of mass 8 has been frequently 
postulated in transmutation reactions. Thus ! 


Laaff (Ann. Physik, 1938 [v], 32, 743) states that 
the 5 Be nucleus is produced in the process 
^^B(p, a)®Be but that it disintegrates into two 
a-partieles. On the other hand Gluckauf and 
Paneth (Proe. Roy. Soc. 1938, A, 166, 229) 
irradiated ®Be with y-rays from radon and from 
the quantity of helium produced they concluded 
that the reaction produced two a-particles and 
a neutron in preference to ®Be and a neutron. 
By this transformation is most pipbably pro- 
duced the helium which is often found in beryl 
and in amouiits related to the age of the mineral 
(Rayleigh, ihid. 1933, A, 142, 370; Burksor et 
aU, Compt. rend. Arad. Sci. lUR.S.S. 1937, 
16, 193). The mass diirerenee of jBe and jBe 
IS 1-0072 while the stability of jBe with re- 
spect to two a-particles is given as 0-3 m.e.v. 
(Allison ci al., Ifliysical Rev. 1939, 1_2J, 65, 107, 
(>24 ; Collins ei al., ibid. 172). 

Physical Pbopeiities. — Beryllium is a hard, 
brittle, steel-grey metal possessing a low sp.gr. 
(1-84 at 20 ) and high nielting-xioint (1,285”C.). 
It erystalliRcs in hexagonal plates, the crystal 
lattice being a hexagonal close pack with lattice 
constants, a 2-2()H, c -3-594, axial ratio 1-585. 
1’he w'ljrk of Jaegi'r and his collaborators indi- 
cates that beryllium exhibits allotropy, a meta- 
stabic form at 600^ being interesting in possess- 
ing a super-lattice containing some 60 atoms. 
Although normally brittle the metal does acquire 
some ductility on heating while, according to 
Sloiiian, pure beryllium is ductile at room tem- 
perature. Other physical properties are tabu- 
lated below’ - 

Atomic volume, 5, 

ilarducM, 130 Brincll for 99-8-99-9% metal 
and 60-05 for 99-99%. 

Youmfs trmlulus of elasticity, 30,000 kg./sq. 
mm., a calculated value (Schwerber Metall- 
burse, 1928, 18, 706). 

Vapour pressure, 5 mm. at l,r)30”C., 760 mm. 
at approximately 3,040”. 

Heat of fusion, 345-5 g.-cal. 

Heat conduetivity, 0-3847 at 0” and increases 
regularly with temperature as expressed by 
the equation K-0 3847-1- 0-0375D-0 0g468«®. 

Specific heat. Presumably as a result of al- 
Jotropic modification this property varies 
with the thermal tre'atment accorded to the 
metal. Constant values are said to be given 
by powdered beryllium (Jaeger and Rosen- 
bohm, Ree. trav. ehim. 1934, 34, 451 ; Proc. 
K. Akad. Weteiisch. Amsterdam, 1934, 87, 
67). 

Linear coefficient of expansioji, (2(>-l()0”C.) 
12-3 X 10-8 ; (20-3()0”C.). 14-0 x lO"®. 

Specific resistance. Like many of the other 
proiicrties this varies with the thermal his- 
tory of the specimen. After heating to 7(X)° 
and cooling slowly, fairly reproducible value- 
are obtained of about 6-6 microhms at 20” 
(Lewis, Physical Rev. 1929, [ii], 33, 284). 

Spectra. — The chief lines in the emission 
spectrum of neutral and singly ionised beryl- 
lium are as follows : 

Be I, 8254 1, 4572-69, 4407-91, 3865-74, 

3866-50, 3865-43, 3865-14, 3321-86, 3321-09, 

3321-01, 3019-60, 3019-61, 3019-34„ 2986-62, 

2986-44, 2986-09, 2660-78, 2660*71, 2650*64, 
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2650-61. 2650-57, 2650 - 47 , 2494 - 50 , 2494-55, 
2494 - 44 , 2350 83, 2350-69, 2348 61 , 2175-07, 
21 7494. • 

Be II. 5270 84, 5270-32, 4673-46, 4361-03, 
4360-69, 3274-64, 3241-84, 3241-66, 3197-16, 
3131 - 06 , 3040-68, 3040-62 (Paschcn and Kruger, 
Ann. rhysik, 1931, [v], 8 , 1005). The wave- 
lengths in bold type are important in the 
analysis of alloys by arc spectra (F. Twynmn and 
1). M. Smith, “ Wave Length Tables,” A. Hilger, 
London, 1931). 

For bncs corresponding to Be HI and Be IV 
and also for series relationships, see Robinson 
(Physical Rev. 1936, [ii], 50 , 99), Kruger and 
(V)oper (lOicl. 1933, [ii], 44 , 418), Edlen (ibid. 
778), Pttton et al. (ibid. 1929, [ii], 33, 16, 
1093), Sclwyn (Proc. Physical Soc. 1929, 41 , 
392). 

(Chemical Pkopehttes. — As the first member 
of the second group of the Periodic Table beryl- 
lium exhibits bivaleney, while in its properties 
it is more nearly related to the zinc sub-group 
than to tliat of the alkaline earths. I'ossessing 
a strong affinity for oxygen, the freshly polished 
metal soon tarnishes m air and when finely 
divided it burns brilliantly on heating in air or 
oxygmi. (Combination with the appearance of 
flame also occurs if the metal is heated in the 
halogens, in sulphur vapour or if melted with 
Belcnium. Hydrogen does not attack it, but 
nitrogen, ammonia or cyanogen react with the 
heated metal to form a nitride. Combination 
with carbon at high temperatures produces a 
carbide. 

Beryllium is resistant to attack by hot or cold 
water and cold cone, nitric acid although the 
diluted acid aftccts its slightly. Warm nitric 
acid dissolves tlie metal, but addition of the 
chloride of a noble metal, e.g. PtCl 4 , increases 
its resistance. Both hydroehloric and sulphuric 
acid readily attack beryllium, which also dis- 
solves in cone, alkalis in the cold and in dilute 
alkalis on wanning. 

Aiaaiys. — Although it might have been ex- 
pected that additions of berylhum with its 
high modulus of elasticity would lead to an im- 
provement in the nuu-hanical properties of other 
light metals the results have been disappointing. 
It does not alloy with magnesium and while 
small additions to aluminium increase the hard- 
ness and resistance to wear, the eflects are not 
so good as those pi-oduced by silicon or mag- 
nesium. With aluminium beryllium forms a 
eutectic at 644° containing 1-1% of the latter; 
the solubility at room temperature is very small. 

More interesting results have been obtained 
by the addition of small amounts of beryllium 
to the heavy metals and much attention has 
been given to the beryllium bronzes and nickel- 
beryllium alloys. The bronzes containing about 
2-25-2-5% beryllium, when heated at 800° for 
I hour and quenched in water, are softer than 
copper and easier to work, while heat treatment 
produces great hardness and elasticity. As such 
alloys possess considerable resistance to wear 
and fatigue they make excellent springs and 
are also recommended for moulding dies, hypo- 
dermic syringes, electric switches, clock bearings, 
etc. The inclusion of small amounts of man- 
ganese, cof^alt and many other metals has been 


suggested to increase the electrical conductivity 
of the bronzes and to decrease the amount of 
beryllium necessary to produce such excellent 
mechanical properties. For a general descrip- 
tion of these alloys, see Gadeau, Rev. Met. 1935, 
32 , 627 ; Hessen brueh, Metallwirts. 1938, 17 . 
641 ; Sawyer and Kjellgren, l.c , ; Met. and 
Alloys, 1940, 11 , 163). 

Beryllium a^jh Hydrogen. 

No hydride of beryllium has been isolated, but 
the arc produced between beryllium eloetrodos 
in dry hydrogen gives a spectrum containing 
two band systems, one between 4800a and 5120a 
due to the BeH molecule and the other between 
1882a and 3600a produced by the ionised 
moleeulo BeH"^'. Similar bands have been 
observed for the deuteride (W. W. Watson et 
al.. Physical Rev. 1928, [ii], 31 , 1130; 32 , 
600; 1929, [ii], 34 , 372; 1931, [ii], 37 , 167; 
1937, [ii], 52 , .'118; Koontz, ibid. 1935, [ii], 48 , 
707). 

Beryllium and Oxygen. 

Beryllium Oxide, BeO. — Formed when the 
finely divided metal, sulphide or iodide bums 
in air or oxygen. It is more conveniently pre- 
pared by dehydrating the hydroxide at 300-400° 
or igniting the carbonate at 1,100°. The nitrate 
or sulphate may also be employed, but long 
heating is necessary to remove the last traces 
of oxides of nitrogen or sulphur. Beryllium 
oxide IS a white, amorphous powderr which may 
be obtained crystalline, as hexagonal pyramids 
isomorphouB with zinc oxide, either by dissolving 
it at red heat in alkali sulphates or by fusion or 
Hubbmation (Zaebariasen, Z. physikal. (^heiu. 
1926, 119 , 204 ; Mallard, Compt. rend. 1895, 105 , 
1267). Although the inelting-pomt is about 
2,50()° the oxide begins to volatilise slowly above 
320° while at 2,000° the loss is rapid. The 
density varies between 2-86 and 3-04, depending 
on the previous history of the specimen. The 
heat of formation is 135-9 kg.-cal. and the mean 
index of refraction 1-723. 

Beryllium oxide remains unchanged when 
heated in chlorine, bromine or iodine ; with 
fluorine a fluoride is formed. It is not easily 
reduced on heating with metals although reduc- 
tion seems easier if there is present a metal with 
which beryllium alloys readily. Ease of attack 
by acids and alkalis depends on the temperature 
to which the oxide has been subjected ; it dis- 
solves easily in fused alkalis or alkali carbonates 
or pyrosulphates. 

Beryllium Hydroxide. — White, voluminous, 
gelatinous precipitate formed when alkali 
hydroxides, ammonia, amines or ammonium sul- 
phide act on solutions of beryllium salts ; alkali 
carbonates produce mixtures of carbonate and 
hydroxide. The moist precipitate readily ab- 
sorbs CO 2 from ail- and must, therefore, be 
washed and dried in an atmosphere free from 
this gas. Dried at ordinary temperature the 
hydroxide has an indefinite water content, but 
heating to 150° gives a product corresponding 
to Be(OH)2. The amorphous material slowly 
changes into a denser and more granular crystal- 
line, out metastablo, form on standing in air or 
under water ; this is known as the a-hydroxide. 
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It iH more readily obtained from the gelatinous 
product by electrodialysis or by heating in solu- 
tions of alkalis, alkali carbonates or ammonia. 
A quantitative precipitation is achieved by 
heating a neutral solution of a bcrylliiini salt 
with ammonium nitrate and methyl alcohol, air 
being simultaneously passed through the mix 
tiire (Haber and van Oordt, Z. anorg. Chem. 
1904, 88, 380; Havestadt and IVickc, ibid. 
1930, 188, 367; Moser and Singer, Monatsh. 
1927, 48, 070). 

In contact with bases and in the cold the meta- 
stable a-form changes into a stable, crystalline 
) 3 -form which also results when a hot saturated 
solution of the amorphous hydroxide in lOiV^- 
NaOH is slowly cooled (Frickc, Z. anorg. Chem. 
1927.166,245; 1929,178,400). 

As might be expected, the amorphous product 
is more reactive than the crystalline forma. Un- 
like them it absorbs COj from the air, is soluble 
in alkali carbonates, dilute mineral and organic 
acids and in certain berylbiim salts. The cry- 
stalline modifications require higher concentra- 
tions of alkalis to dissolve them and the solutions 
contain beryllates of the type 
(M'-Na or K) ; the amorphous form under 
like conditions partly yields beryllates and 
partly gives a colloidal solution (Hantzsch, Z. 
anorg. Chem. 1920, 30, 303, 319 ; Mohanlal and 
Dhar, ibid. 1928, 174, 1 ; Fricke et ah, ibid. 1932, 
205, 127, 287). 

Beeylltum and Halogens. 

Beryllium Fluoride, BeF™. — Formed by heat- 
ing the carbide or oxide in tfuoriiic or hydrogen 
fluoride, it is usually made by slowly heating dry 
ammonium beryllolluoiide, (NH 4 ) 2 BeF 4 , to a 
red heat in a current of COg (licbeau, Ann. 
Chim. I’hys. 1899, [vii], 16, 484). The product 
is a transparent, vitreous mass, 1-986, 
which shows no regular structure but has a 
“ random network ” (Warren and Hill, Z. Krist. 
1934, 89, 481). It has no definite melting-point 
but is fluid at 800° and begins to volatiUse at 
that temperature giving a white crystalline sub- 
limate ; the molten product is a poor conductor 
of electricity. The fluoride dissolves in water 
with hydrolysis so that, like the other halides, 
it cannot be produced from aqueous solution. 
It is slightly soluble in absolute alcohol and 
more so in a mixture of alcohol and ether. No 
combination occurs with anhydrous hydro- 
fluoric acid so that the acid, H 2 BeF 4 , correspond- 
ing to the beryllofluorides is apparently not 
produced. With liquid or gaseous ammonia a 
monammine, BeF- NHg, is formed (Biltz and 
Kahlfs, Z. anorg. Chem. 1927, 166, 351, 355, 361, 
367). The fluoride differs from the other beryl- 
lium halides in that addition of sodium hydroxide 
does not precipitate the hydroxide but yields a 
sparingly soluble double salt. 

Evaporation of an aqueous solution of beryl- 
lium fluoride and heating the product to 300- 
800° gives a white mass of the oxyfluoride, 
2 BeO‘ 6 BeF 2 , which is an important inter- 
mediate in the production of the metal from its 
ores : it is completely soluble in water. 

Beryllofluorides. — Numerous double* com- 
pounds of the t 3 iq)e M'gBeF^ and M"BeF^ 


have been obtained and are interesting in that 
many of them are isomorphous with the corre- 
sponding sulphates. They are usually made by 
one of the following methods : (a) concentrating 
a solution containing the two fluorides in the 
correct proportions ; (b) dissolving stoichio- 

metric amounts of beryllium oxide and the metal 
carbonate or hydroxide in a slight excess of 
hydrofluoric acid ; (c) from ammonium or silver 
beryllofluoride by double decomposition. Like 
the corresponding sulphates the alkaline earth 
and lead salts are sparingly soluble but the 
silver salt is very soluble in water. Acid salts 
of the type M"H BeF^ and more complex double 
compounds, including amminobcryllofluoridos, 
have been prepared wliile by fusion methods the 
compounds M'BeFg (M'~Na or K) have boon 
obtained (Marignac, Ann. Chim. Phys. il873, 
[ivj, 30, 55 ; N. Bay, Z. anorg. Chem. \l931, 
201, 289; 1932, 205, 257; 206, 209; 1936, 
227, 32, 103; 1939, 241, 165; Hultgrei, Z. 
Krist. 1934, 88, 233). 

Beryllium Chloride. — Beryllium ignites 
on gently heating in chlorine and the resulting 
chloride is deposited as a sublimate of white 
needles. It is also produced by heating the 
carbide or intimate mixtures of the oxide and 
sugar charcoal in chlorine or hydrogen chloride 
at 1,000". Phosgene readily reacts with beryl- 
lium oxide at 900°, but below 500° the reaction 
is so slow that it is possible to remove alumina 
and ferric oxide by heating the crude bcryJlia in 
this gas at 450° since aluminium and feme 
chlorides are volatile at this temperature. 

Beryllium chloride melts at 405° and begins 
to volatilise near this temperature ; the 
boiling-point is given as 488°. The vapour 
pressure at the boiling point indicates about 
60% association to 802014 . The molten 
chloride is practically a non-conductor of elec- 
tricity but additions of alkali chlorides rapidly 
increase the conductivity (Fischer and Kahlfs, 
Z. Elcktrochcin. 1932, 38, 592; Z. anorg. Chem. 
1933, 211, 321). Beryllium chloride is very 
hygroscopic and is easily hydrolysed in aqueous 
solution. It is insoluble in benzene, carbon di- 
sulphide, chloroform or carbon tetrachloride 
although it is soluble in many other organic 
media (e.ff. MeOH, EtOH), often with com- 
bination (e.(/. o-toluidine) to produce molecular 
compounds of the type BeCIg'wY where Y is 
the solvent molecule and n is usually 2 or 4 
(R. Fricke et ah, Z.^norg. Chem. 1926, 146, 103, 
121 ; 1926, 152, 347 ; 1927, 163, 31 ; 1928, 170, 
267). 

Thermal analysis indicates that double com- 
pounds of the type M '280014 or M"B 0 Cl 4 
formed with alkali and barium chlorides respec- 
tively ; thallous chloride forms Tl Be^C I 4 . Com- 
plex formation also occurs with certain other 
chlorides (J. M. Schmidt, Bull. Soc. cliim. 1926, 
_iv], 39, 1686; Ann. Chim. 1929, [x], 11, 351). 
Prytz (Z. anorg. Chem. 1937, 231, 238) was 
unable to secure evidence of any complex forma- 
tion in aqueous solutions of beryllium chloride 
containing potassium chloride. 

When an aqueous solution of beryllium 
chloride is evaporated over sulphuric acid and 
in an atmosphere of hydrogen chloride there 
are deposited colourless oiystals of tie hydrated 
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chloride BeCl2,4H20. The tetrahydrate is are needed. It sublimes to form white needles 
extremely hygroscopic and readily loses H Cl which are very sensitive to moisture, deli- 
in damp air; it is more stable in dry air and 4 quescing and losing hydrogen iodide in moist air. 
can be kept over phosphorus pentoxide with- • The iodide is more susceptible to oxidation than 
out losing water of crystallisation (Debray, the other halides and takes fire if heated to red 


Ann. Chim. Phys. 1855, [iii], 44, 22 ; Mieleitnor 
and Steinmotz, Z. anorg. Chem. 1913, 80, 
73 ; Fricko and Schiitzdcllcr, ibid. 1923, 
131, 136 ; Cupr and Salansky, ibid. 1928, 176, 
211). Mieleitner and Sieinmetz state that the 
hydrated cMonde is formed when hydrogen 
cliloridc is led into the aqueous solution mixed 
with ether, but Cupr and Salansk]^ on repeating 
this work obtained, instead, white needles of 
the comiioimd rBe(H20)3(C^H5)20]Cl2. 

Numerous oxychlorides of beryllium have 
been described, but there is some doubt whether 
they are definite chemical compounds. The 
view ol Parsons and his collaborators (J. Amcr. 
Them. Soc. 1904-06) is that all basic salts of 
beryllium are merely solid solutions of the normal 
salt in the hydiatcd hydroxide ; sec, however ^ 
beryllium sulphate. 

Dry beryllium chloride, cooled in a freezing 
mixture, reacts with ammonia in the absence 
ot air to form the hexammine BeCIg-ONHa as 
a white voluminous powder which deliquesces 
slow'ly in air. At 0° the tetramminc is produced, 
and this is also obtained when ammonia is 
passed into an ethereal solution of the chloride. 
Thermal decomposition of the tetramraine above 
210" and in vacuo yields a diammiiie which also 
results from the action of ammonia on beryllium 
chloride at room temperature (Ephraim, Bcr. 
1912, 45, 1323; Z. physikal. Chem. 1913, 81, 
532 ; Mieleitner and Steinmetz, l.c. ; Fricke 
and Havestadt, Z. anorg. Chem. 1925, 146, 126; 
W. Biltz el al, ibid. 1925, 148, 158; 1927, 
166, 341 ; Bergstrom, J. Amer. Chem. Soc. 

1928, 50, 657). 

Beryllium Perchlorate, Be(CI04)2,4H20. 
— Obtained ns fine, eolouiless, deliquescent 
crystals by double decomposition of barium 
pcMchlorate and beryllium sulphate and con- 
centrating the filtered solution with excess of 
])crchloric acid (Oupr, Coll. Czech. Chem. Comm. 

1929, 1,377). The solubility ot the anhydrous 
salt at 25° is 59-5% (Sidgwick and Lewis, J.C.S. 
1926, 1290). 

Beryllium Bromide, BeBCg. — Obtained as 
long white needles by methods analogous to 
those used for the chloride which it resembles 
closely in properties. The melting-point is 487° 
although sublimation begins at 473° ; the density 
at 25° is 3*465. The fused bromide is a non- 
conductor of electricity. 

V.Mth liquid hydrogen sulphide at —78*6° 
the bromide forms a compound BeBr2'2H2S 
while with ammonia it forms ammines con- 
taining 10, 6 and 4 mol. NHg ; the tetrammine 
alone is stable at room temperature. 

Beryllium bromide tetrahydrate is produced 
similarly to the chloride and forms hygro- 
scopic cubic crystals. A trihydrate-etherate, 
BeBr2,3H20,(C2H5)20, is also known. 
Beryllium Iodide, Belj. — M.p. 480°; b.p. 
sublimation temp. 488°; d =4*325. 

Prepared by similar methods to the chloride 
and bromide, but hiirher reaction temperatures 
VoL. VI.— 2 


heat in air or oxygen ; it is safer, therefore, to 
sublime it in a high vacuum (Mosserknecht and 
Blitz, Z. anorg. Chem. 1925, 148, 152). The 
other halogens convert the iodide into the respec- 
tive halides although with fluorine an iodo- 
fluorido is also produced. Heated in hydrogen 
sulphide or sulphur vapour beryllium sulphide 
is formed while with liquid hydrogen sulphide 
at —83° the double compound Bel2'2H2S is 
obtained (W. Biltz and Keunccke, ibid. 1925, 
147, 185, 174). 

Beryllium iodide is soluble in water but no 
hydrate has been isolated apart from a di- 
hy drate-dic th crate, Bel2,2H20,2(C2H5)20 
(Cupr and Salansky, l.c.). Solution in organio 
media is olten accompanied by combination. 

Ammines containing resjjeetively 13, 6, 4 
and 1^ mol. of ammonia per mol. of iodide have 
been reported (W. Biltz et al.^ ibid. 1925, 148, 
152 ; 1927, 166, 341 ; Bergstrom, l.c.). 

Beryllium Periodate. — Evajioration of an 
aipieous solution of basic herylhum carbonate 
with periodic ac-id leads to the separation of 
thick plates of Be3(IOB)2.'l1 H2O ; the salt is 
decomposed on boiling with water (Atterborg, 
Bull. 80c. chim. 1875, fii], 24, 358). 

Bicryllium and SULrUUR. 

Beryllium Sulphide, BeS. — ^Formed as a 
grey, amorphous mass when the halides are 
heated in hydrogen sulphide or sulphur vapour 
or when finely divided beryllium is burned in 
sulphur vapour. It is best prepared by heating 
the pow'dered metal, covered with sulphur, in a 
current of hydrogen in a porcelain tube for 
10-20 minutes at 1,000-1,300°. The grey, 
partly sintered mass is apparently more stable 
in air than products obtained by other methods 
(Tiedo and Goldschmidt, Bcr. 1929, 62 [B], 
758). This material also develops a blue phos- 
phorescence if heated in a high vacuum at 
1,300° and then expo8(*d to an arc lamp; this 
is attributed to the presence of traces of iron. 

Beryllium sulphide, d 2*36 (Zachanasen, Z. 
physikal. Chem. 1926, 119, 201) possesses a faint 
odour of hydrogen sulphide, this gas being easily 
hberated on treatment with dilute acids. I.«ebeau 
states that it is attacked by water, but according 
to Mieleitner and Steinmetz it is only slowly 
decomposed even by boiling water. Healed in 
air or oxygen the sulphide burns, yielding sul- 
phur dioxide and beryllia in the former gas and 
beryllium sulphate in the latter. Hydrogen does 
not attack it but chlorine and bromine convert 
it at a red heat into the respective halides. 

Beryllium Sulphite, BeSOa-— When freshly 
precipitated beryllium hydroxide, freed from 
water by washing wnth alcohol, is dissolved in 
alcohol saturated with sulphur dioxide, the solu- 
tion on evaporation in vacuo over sulphuric acid 
and sodium hydroxide deposits small, colourless, 
hexagt^al crystals of beryllium sulphite. The 
product is only slightly soluble in alcohol or 
water but the latter medium soon hydrolyses it. 
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forming nioro hoIhIjIc basic salts (Kiuss aiul Z. aiiorg. Chem. 1938, 239 , 39, 225; 1939, 241 , 
Moraht, Bor. 1890, 23 . 734). 179). 

Beryllium Sulphate, BeSO^. — Prepared by1 Basic Beryllium Sulphates . — Parsons and 
dissolving the oxide or hydroxide in excess of his collaborators hold the view that all basic 
hot cone, sulphuric acid and cooling ; the excess salts of beryllium consist of solid solutions of the 
acid IS decanted from the line microcrystalline salt in hydrated beryllium hydroxide, but Sidg- 
powder which separates; this is washed with wick and Lewis (J.C.S. 192G, 1298), finding that 
alcohol and dried. Removal of excess acid by approximately 4 mol. ot the oxide will dissolve 


evaporation leads to slight decomposition and 
the formation of a little beryllium oxide. This 
is evident, too, when the Hid])hatc is made by 
dehydrating the di- or tetrahydrate by lieating 
to 400". 

Beryllium sulphate is very hygroscojiic and 
although iK)t iijiiin'ciably soluble in cold water 
it IS slowly converted into the soluble tetra- 
hydrate; this process procecd.^^ more rapidly on 
heating. The tleiisif y of the salt is 2-443. With 
<lry ammonia there is formed a diammine which 
passes into a monoammine on heating to 234®. 

Hydrates of Beryllium Sulphate. — Con- 
siderable attention has been given to the 
system BeSO^-HjO and numerous hydrates 
have been reported, but th(‘ only ones about 
which there ajipears to be no doubt are the tetra- 
and di-hyilrates (Parsons and Puller, Science, 
190(), 24 , 202, Taboury, C'ompt. rend. 1914, 
159 , 180; Britton, J.C.S. 1921, 119 , 1907; 
P. Kraiiss and Cerlach, Z. anorg. Chem. 1924, 
140 , 01 ; Schreiner and Sieverts, ibid. 1935, 224 , 
107; Schroder, ] 930, 228 , 129 ; Novoselova 
and Levina, J. Gen. Chem. Russ. 1938, 8, 1143). 

The tetrahydrate is prepared by dissolving 
beiylliurn oxide, hydroxide or carbonate in warm 
dilute sulphuric acid (d 1-07), filtering and con- 
centrating the solution ; the crystals which 
sejiarato on cooling are washed with alcohol. 
Britton and Allniand also obtained it by treat- 
ing a strong solution of the nitrate with excess 
of cone, sulphuric acid and pouring the inixtui’o 
into alcohol when the tetrahydrate sejmrates 
(J.C.S. 1921, 119 , 1404). It may be recrystal- 
lised from hot dilute sulphuric acid or even hot 
water. The crystals belong to the tetragonal 
holohedral class and their density is 1-712. 
The tetrahydrate is readily soluble in water, 
100 g. of the solution containing 29-94 g. BeSO^ 
at 25" (Sidgwick and Lewds, l.c .) ; the solution 
reacts acid, the salt being appreciably hydrolysed. 

Heating the tetrahydrate to 120" or maintain- 
ing it at 93® until a constant weight is attained 
causes the loss of 2 mol. of water ; the resulting 
dihydrate has a similar crystalline form to that 
of the tetrahydrate. It partly melts on heating 
to 158® and gradually loses water above 100®. 
Like the tetrahydrate it is stable at room tem- 
perature. 

Double Salts . — Beryllium sulphate yields 
double salts with potassium and ammonium 
sulphate of the type BeS04-M2S04,2H20. 
Fused potassium and beryllium sulphates are 
readily miscible, and from the melt containing 
33-60 mol. per cent, of the latter there can be 
cryatalhsed the double salt K2S04’2BeS04. 

A study of the isotherms of the system 
BeS04-Na2S04-H20 between 0® and 100® 
reveals the existence of the compound 
BeS04*3N 32804 which is stable ali:)ve 42® 
(Grahmann, Z. anorg. Chem. 1913, 81, 265; 
Marchal, J. Ghim. phys. 1925, 22, 516 ; Schroder, 


in 1 mol. of bcrylhum sulphate, suggest that 
beryllia may replace water in | Be-4H20]S04. 
There will thus be formed the complex 
IBe-4Be0]S04 although, actually, the re- 
placement may take place in stages. Such 
basic salts have not, liowever, been obtained 
crystalline, hut only ns syrupy masses when 
solutions ot beryllium hydroxide or carhumato 
in aqueous solutions of the normal salts are 
concentratcrl. ^ 

Beryllium and Sklenhim. 

Beryllium Selenide, BeSe. — Grey crystal- 
line mass obtained by leading hydrogen carrying 
selenium vapour over the heated metal. The 
product IS soluble in water but the solution soon 
decomposes wdth deposition of selenium (Zachari- 
aseu, Z. physikal. Chem. 1926, 124 , 278, 437; 
Paulmg, J. Amer. C::hem. Soc. 1927, 49 , 787). 

Beryllium Selenite, BeSe03,2H20.— Ob- 
tained as a precipitate on adding a solution of 
neutral sodium selenite to one of beryllium sul- 
phate. The salt, after filtering and washing, is 
treated wuth selcnious acid until neutral and 
dried at 60®. The acid salts BeSeOg-H 28663 
and BeSOg ^HgSeOg are also known (Nilson, 
Her. 1H7.5, 8, 655). 

Beryllium Selenate. — Treatment of an 
aqueous solution of basic beryllium carbonate 
with the requisite amount ol selenie acid and 
evaporation of the solution gives rise to colour- 
less rhombic crystals of BeSe04,4H20 from 
which the anhydrous salt may be obtained by 
heating to 300®. At 100® 2 mol. of w^atcr are 
removed and the dihydratc produced. These 
compounds closely resemble the corresponding 
sulphates, the tetrahydrates being isomorphous 
(Topsoc, Bcr. Wien Akad. 1872, [ii], 66, 5 ; 
Atterberg, Bull. Soc. ehini. 1873, fii], 19 , 498; 
Sidgwick and Lewis, l.c.). 

Beryllium and Tellurium. 

The telhiride is obtained in a like manner to 
the selenide and is a grey powder, d 5-09. It is 
slowly decomposed by moist air and readily by 
water with evolution of hydrogen telluride. 

Beryllium tellurite and tell urate are stated to 
form white precipitates on treating solutions of 
beryllium salts with alkali tellurite or tellurate 
respectively (Berzelius, Ann. Cliim. Phys. 1835, 
[ii], 58, 244, 259). These are probably basic 
salts, for Montignie (Bull. Soc. chim. 1935, 
[v], 2, 864) assigns to the tellurate the formula 
BeTe 04 7Be(dH)2. 

Beryllium and Nitrogen. 

Beryllium Nitride, BegNj. — Beryllium com- 
bines with nitrogen at temperatures above 900 °, 
but even at 1,100® the reaction is slow and the 
product contains appreciable amounts of metal ; 
a better result is obtained when^ ammonia is 
substituted for nitrogen. The nitride formed in 
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these methods is a ^rey powder, but a white pro- 
duct is made by passing cyanogen over the 
metal at 8(X)". Heating beryllium carbide iif 
nitrous oxide or with ammonium nitrate yields 
an equally pure material. 

Beryllium nitride melts at about 2,200° and 
be/i'ins to dissociate above this temperature. 
The melt, on cooling, sohdifics to colourless cubic 
crystals which scratch glass, are stable in air and 
only slowly decomposed by boiling w ater ; dilute 
acids and coficcnlratcd alkalis readily decompose 
it. When mixed with alumina the nitride 
develops a strong phosphorcsi'cnee after ex- 
posure to a mercury vapour lamp (Fichter and 
Brunner, Z. anorg. Chem. 1915, 93, H9 ; Neu- 
mann et ah, ibid. 1932, 204, 81 ; Voiirnasos, 
Bull. Soc. chiiri. 1917, [iv], 21, 282; Satoh, Sci. 
T*aperH Inst. Phys. Chem. Bos. Tokyo, 1936, 
29, 41 ; 1938, 34, 888 ; Staekelberg and Paulus, 
Z. physikal. Chem. 1933, 11, 22, 305). 

Beryllium Nitrate. — The anhydrous salt 
has not yet been isolated, but hydrates contain- 
ing 4 and 3 mol. of water have been prcjiarcd 
whih* the existence of a mono- and dihydrate 
has been infiUTcd from ten.simetric data. The 
tetiahydrate is obtained either by dissolving 
beryllium hydroxide in nitric acid (d 1-52) at 0° 
ami allowing the solution to evaporate in air or 
hy rcjjcated evaporation of the basic ac^etate 
with cone, nitric acid, adding fuming arid and 
seeding the solution. It forms deliquescent 
(Tystal.s which melt at 61°. If crystallisation 
takes place from a solution more dilute in nitric 
acid, colourh'Hs prisms of the tnhydrate arc 
obtained. Attempts to dehj'drate these pro- 
ducts result in loss of oxides of nitrogen (Parsons, 
Science, 1907, 25, 402; Haase, Z. Kri.st. 1927, 
65, 537 ; Sieverts and Petzold, Z. anorg Chem. 
1933, 212, 49; Novoselova and Nagorskaja, 
Bull. Soe. chim. 1935, [v], 2, 967). 

No double compounds with alkali nitrates 
have been reported, but the existence of such 
compounds in solution has been interred by 
Cbauvenet (Compt. rend. 1939, 208, 194; 1940, 
210, 250). 

BeKVLLIUM Also I^HOSPHOIIUS. 

Bery Ilium Phosphide . — Formed when beryl- 
liuiu is heated in phosphorus vapour. Both 
Wohler and J..ebeau state that it is obtained 
w'hen phosphine acts on heated beryllium 
chloride, but Hdltje and Meyer (Z. anorg. Chem. 
1931, 197, 93) could not induce combination 
even at high temperature and pressure. 

Beryllium Phosphates. — According to F. 
Travers and Perron (Ann. Chim. 1924, [xj, 1, 
318) the hydrated orthophosphate, 

Be3(P04)2,nH20, 

is formed as a dense, white, microcrystalline pre- 
cipitate by adding a dilute aqueous solution of 
disodium phosphate to one of beryllium sulphate 
until a faint turbidity appears and then heating 
the solution. Excess of the sodium phosphate 
solution produces an amorphous, white precipi- 
tate also stated to be the orthophosphate ; the 
tetrahydrate is said to separate on crystallising 
from dilute acetic acid. Heating the tetra- 
Sydrate at* 100° produces a trihydrate while 


much higher temiieratures are nt^*deil for com- 
plete dehydration. 

Primary Beryllium Hydrogen Phosphate, 
BeH 4 (P 04 ) 2 , separates as hygroscopic, colour- 
less plates on evaporating a solution ol the oxide 
111 a slight excess of the calculated amimiit of 
phosphoric acid. The secondary 
BeHPO^, is apparently incapable of existence 
and disproportion ates readily into the primary 
and tertiary salts. The ammonium salt, 
NH 4 BeP 04 ,Ha 0 , is, however, known and i.s 
the precipitate obtained on treating neutral or 
slightly acid solutions of beryllium salts with 
ammonium phosphate. It is sutticiently in- 
soluble to provide a method of estimating the 
metal, the precipitate being converted into the 
pyrophosphate, BegPoO?* by ignition (Travers 
and Perron, l.c.). A beryllium mctaphospliato 
has also been reported (Bleycr and Muller, Z. 
anorg. Chem. 19)3, 79, 273). 

Beryllium and Arsenic. 

When beryllium is heaterl in arsenic vapour a 
grey product is formed which is probably the 
arsenide, for it libeiates arsine with water. 

Beryllium Arsenate, Be 3 (As 04 ) 2 ,l SH^O, 
is prepared by adding an aqueous solution ol the 
sulphate to one of disodium hydi-ogeii arsenate 
acidified with acetic acid and air-drying the 
precipitate. 

The acid salts BeH 4 (As 04)3 and BeHAs 04 
hav^e also been made as well as nuuierous basic 
salts (Bleycr and Muller, ibtd. 1912, 75, 288; 
Ephraim and Rossetti, Helv. Chim. Acta, 1929, 
12, 1033). 

Beryllium and Carbon. 

Beryllium Carbide, Be^C. — Beryllium pos- 
sesses considerably affinity for carbon, par- 
ticularly at high temperatures, and a carbide is 
readily formed on heating the metal at 1,300- 
1,400° with carbon or in CO or COj. The 
usual method of preparation is to heat, in 
an electric furnace, intimate mixtures of licryllia 
and sugar charcoal bonded together with an 
agent such as dextrin. The product is cleaned 
by treating with hot dilute hydrochloric acid to 
remove adhering oxide and carbon. It forms 
regular, bnek-red, octahedral or hexagonal 
crystals hard enough to scratch glass and of 
density 1'9. Moist air and water slowly decom- 
pose it with liberation of methane. The irarbide 
suffers only a superficial attack when heated in 
oxygen, nitrogen, phosphorus or iodine vapour, 
but the other halogens as well a.s their hydrides 
decompose it fairly readily at 8(K)° as also does 
BulphuT vapour at 1,000°. Hot aqueous mineral 
acid solutions attack it more easily when dilute, 
while with hot caustic alkaU there is a rapid 
evolution of methane (Lcbeaii, Compt rend. 
1895, 121, 496 ; Fichter and Brunner, Z. anorg. 
Chem. 1915, 93, 91 ; Mcsserknecht and Biltz, 
ibid. 1925, 148, 153 ; Schmidt, Bull. Soc. chim. 
1928, [iv], 43, 49; Stackelberg and Quatram, 
Z. physikal. Chem. 1934, B, 27, 50). 

Beryllium Acetylide, BeC,. — Produced 
when acetylene is led over powdered beryllium 
at 450° ; it differs from the carbide in regenerating 
acetylene when treated with water or dilute 



20 


GLUCINTJM. 


hydrochloric acid (Durand, Bull. Soc. chira. 1924, 
[iv], 35, 1141). 

Beryllium Carbonate. — Frcahly precipi- 
tated berylliiiin hydroxide readily abaorbfl atmo- 
spheric carbon dioxide, while if an aqueous sus- 
pension of the hydroxide ia saturated with the 
gas there is formed the basic carbonate 
3Be(OH)2BeCO.T Basic salts of somewdiat 
indchnito composition are also produced as 
white precipitates on adding aqueous sodium or 
ammonium carbonate to solutions of beryllium 
salts. If carbon dioxide is passed for a long 
time into a suspension of one of these basic 
carbonates and the solution filtered and 
ewayiorated over HgSO^ in an atmosphere of 
CO 2 , wdiite hexagonal crystals are obtained 
which are said to be the tetrahydrate of the 
normal salt BeC 03 , 4 H 20 (Jahresber. 18G8, 
20.‘1). The crystals elUoresee in air, are not very 
soluble in water and lose carbon dioxide as well 
as water on drying at 100 " ; the residual basic 
carbonates do not begin to decompose until 
about 200''. Beryllium carbonates are soluble 
in exc(‘s.s of alkrdi or ammonium carbonate and 
from the solutions alcohol precipitates crystal- 
bne couijiouiids of the type 

3BeM2(C03)2Be(0H)2 

(M=alkali metal or NH^). The amount of 
hydroxide seems to vary in different prepara- 
tions so that possibly it is merely an impurity in 
the true double salts MnCOg-BeCOg. Heating 
the solutions rcdi'poaits the basic beryllium car- 
bonate (Klatzo, ,1. pr. (/hem. 1800, [i], 106, 227; 
Dcbray, Ann. Chim. Phys. 1855, [iii], 44, 32; 
Attorberg, Svenska Akiid. Ifandl. 1873, 12, 31 ; 
Parsons, J. Ainer. C3iem. Noe. 1904, 26, 721; 
Venturcllo, Gazzetta, 1030, 69, 73). 

Beuvlijum Salts of Oroanto Acids. 

Numerous beryllium salts of organic acids have 
been made ; in some cases, for example with 
oxalic acid, the normal salt is known while 
with other acids only ha.sic salts have been 
obtained. The most important of the.so is the 
basic acetate, for its ready solubility in chloro- 
form providers a means of separating beryllium 
from many other metals, including iron and 
aluminium. 

Basic Beryllium Acetate, 

(CH3C02)flBe,0 

Separates as octahedral crystals on cooling a 
solution of the hydroxide in excess of hot, 
strong acetic acid. The crude product is re- 
crystallised from chloroform until the melting- 
point is 280-287° or it may be purified by sub- 
limation in, vacuo (Urbain and Dacombe, Compt. 
rend. 1901. 133, 874; 1902, 164, 772; Tanatar, 
J. Russ. Phys.-Chem. Soc. 1904, 36, 82; Haber 
and van Oordt, Z. anorg. Chem. 1904, 40, 405; 
Kling and Gelin, Bull. Soc. chim. 1914. |ivl. is! 
205). 

The physical and chemical properties of the 
salt indicate that it is a non-ionised covalent 
complex, while X-ray examination demonstrates 
that the four beryllium atoms occupy the apices 
of a regular tetrahedron in the centre o^which 
is the single oxygen atom ; the acetate radicals 
span the six edges (W. Bragg and Morgan, Proc. 


Roy. Soc. 1923, A, 104, 437 ; Morgan and Ast- 
bury, ibid. 1920, A, 112, 444; Pauling and 
Gherman, Proc. Nat. Acad. Sci. 1934, 20, 340). 

The basic acetate is stable to air and is in- 
soluble in, and unaffected by, cold water; 
warm water dissolves it with decomposition. 
It is soluble in many organic solvents. 

Aormal beri/llium acetate is said to bo formed 
when the basic salt is heated at 140° in a sealed 
tube with acetic acid and acetic anhydride ; it is 
insoluble both in cold water and ’’organic sol- 
vents (Tanatar, l.c. ; Steinmetz, Z. anorg. Chem. 
1907, 54,219). 

Most of the monobasic organic acids give 
definite basic salts analogous to the acetate, but 
w'lth di- and tribasic acids the more indefinite 
typo.s experienced with inorganic acids are 
obtained. With the monobasic organic a^ds, 
however, normal salts are also known. The 
beryllium derivative of benzoylpyruvic acid,T 



has been resolved into two forms with opposite 
and fugitive mutarotations (Mills and Gotts, 
J.C.S. 1920, 3121). 

Beryllium Acetylacetone, Be(C 6 H 702 ) 2 . 
— Prepared either by the action of acetylacetone 
on aqueous or boiling alcoholic suspensions of 
beryllium carbonate or by treating aquoouti 
beryllium chloride solution with an aminonical 
solution of the diketone followed by further 
careful addition of ammonia (Jaeger, Rec. trav. 
cliim. 1914, 33, 394 ; Parsons, Z. anorg. Chem. 
1904, 40, 412; W. Biltz, Annalen, 1904, 831, 
330). It may be purified by sublimation or by 
crystallisation from alcohol. Slightly soluble in 
cold w ater it dissolves readily in the hot medium, 
but with gradual decomposition and deposition 
of the hydroxide ; it is soluble in many organic 
solvents. The aeetylaeotono docs not form an 
additive compound w^ith ammonia although 
with SOg a 1:1 compound is formed. The 
ethylacetoacetato behaves similarly (Booth and 
Smiley, J. Physical Chem. 1933, 37, 171). 

Obganometallio DERiVATivEa OF Beryl- 
lium. 

Few such derivatives arc known, none of them 
being analogous to the Grignard reagents pro- 
duced with magnesium. 

Beryllium dimethyl^ diethyl and dihutyl have 
been prepared from beryllium chloride and the 
appropriate Grignard reagent; the first-named 
is also formed when mercury dimethyl acts on 
berj^Uium. The diethyl and dibutyl compounds 
are liquids while the climethyl is a high-melting 
solid Bubbming at 200°. 

Beryllium diphenyl and di-p-tolyl have been 
obtained (Schuizo, Iowa State Coll. J. Sci. 1933, 
8 , 226). 

For the detection and estimation'of beryllium, 
V . Chemical Analysis, Vol. II, 580a and 
687 6, c, d. 

G. R. D. 

GLUCOCHLORAL (v. Vol. Ill, 35c). 
GLUCONIC ACID (v. Vol. II, 697o). 
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GLUC08ANS {v. Vol. II, 2966). 

GLUCOSE (w. Vol. II, 284a). , 

GLUCOSEEN-6:6 (v. Vol. II, 294d). 

GLUCOSIDASE {v. Vol. IV, 3136, 3146). 

GLUCOSIDES {v. Glycosides). 

GLUCOXYLOSE (v. Vol. II, 300c). 

GLUCURONIC ACID [v, Vol. II, 297c). 

GLUE AND GLUE TESTING. Glue or 
gelatin adhesives are materials which have the 
property of gelatinising in aqueous solution and 
drying to form a hard strongly adhesive layer. 
They are obtained from the coUagcnous parts 
of animals and fish, chiefly hide and skin trim- 
mings, bones, cartilage and tendons, by extrac- 
tion with water. Keratinous materials such as 
muscles, horns and hoofs contain little, if any, 
glue-yiolding material, but horn-piths give 
ossein. 

Other preparations which possess this ad- 
hesive property are also loosely termed glues, 
e.g. marine glne^ a mixture of rubber and 
asphaltum, gluten and casein glues, mineral and 
vegetable glues, blood and albumin glues, 
phenol-formaldehyde condensation products, 
etc., but, strictly speaking, these have no claim 
to that name, as they contain no gelatin. 

Gelatin is the principal constituent of a glue, 
and therefore many of the properties of the 
latter depend on those of the former. This, 
however, is not always the case ; highly purified 
gelatin is distinctly weaker, as an adhesive, than 
a commercial gelatin or a high grade glue. The 
superior adhesive power of the latter may be 
due to the presence of other soluble jiroducts 
which in themselves possess no adhesive proper- 
ties, but which modify those of the gelatin by 
altering its state of aggregation. 

Glue and gelatin do not exist, as such, in the 
animal organism but are the products of the 
hydrolysis of various nitrogenous components 
brought about by boiling water. 

These components may bo classed as follows : 

(1) Collagens. — The organic materials of hides, 
skins, bones, tendons and cartilage. Hofmeister 
regarded collagens as anhydrides of gelatin. 
According to Grassmann (J. Soc. Leather Trades’ 
Ghem. 1938, 22, 473) the fibres exist in diflerent 
forms, dependent on the stretching or folding of 
the polypeptide chains. KQntzel (Magyar 
Timar, 1938, 1 ; J. Soc. Leather Trades’ Chem. 
1938, 22, 410) regal ds the formation of gelatin 
as a type of melting process. In the molten or 
gummy condition the individual molecules are 
unstable and pass from the stretched into the 
coiled-up condition. 

(2) KercUina . — ^Found in the hard structure of 
the nails, hair, horns, hoofs, whale-bone, etc. 
They are unaffected by boiling w'ater except 
under pressure, yield products which have little 
gelatinising power and are not used in glue 
manufacture. 

(3) Elastins . — Mainly derived from tendons 
and ligaments. They are similar to the keratins 
in behaviour in w^ater but are acted on by 
trypsin and other enzymes. Liming with arsenic 
limes swells and breaks these tissues (W. T. 
Roddy and P. O’Flaherty, J. Amor. Leather 
Chem. Assoc. 1938, 83, 267). 

(4) Eeticvlin . — The collagen fibres of hides 
are held together by a meshwork of reticulin 


and elastin fibres. Collagen fibres are covered 
with a fine sheath of reticular tissue, which is 
stronger in young skins than in old ones. It is 
very susceptible to bacteria, broken by hydro- 
chloric acid solutions of Ph< 2, weakened by 
sodium hydroxide or sodium sulphide and more 
slowly by calcium hydroxide. 

(5) Mucins and Mucoids. — A class of glj^co- 
proteins, insoluble in water but easily soluble 
in dilute alkalis, which is present to a small 
extent in tendons, connective tissue of liidcs and 
skins, cartilage and bones. 

(6) Chain. — Found in the hard sheaths of 
beetles, locusts, shrimps, crabs, etc. It can bo 
converted into a gclaiiruuis form by treatment 
with acids but is of no utility. 

For convenience the products obtained from 
collagens by the action of w ater may be classed 
into gelatin, chondrin and mucin, the properties 
of which will be described later. During the ex- 
traction of glue, or gelatin, tw'o reactions take 
place : (a) hydrolysis of ossein or collagen to 
form gelatin; (6) hydrolysis of gelatin giving 
harmful degradation products. 

The extraction process appears to be, there- 
fore, a very simple one. In practice it is not so 
because, unless properly controlled, the second 
reaction, although slower than the first, will 
tend to produce larger rjuautities of those 
materials which impair the properties of the 
finished product and especially the adhesiveness. 
It follows therefore that, whatever the glue- 
yielding material used, the following precautions 
should bo observed : 

(o) The extraction should be carried out as 
rapidly and at as low a temperature as is con- 
sistent with economic working. 

(6) The acids or alkalis used in the preliminary 
treatment of the bones or hide trimmings should 
be removed as completely as possible. 

(c) The extracting water should be as nearly 
neutral as possible. Distilled water is alw^ays 
to be preferred, and for the gelatin maker it 
is almost a necessity. 

Many other factors influence the properties of 
glue, but will be considered later, as they relate 
to processes which follow the extraction. 

Of the materials mentioned, tannery by- 
products and bones arc those most commonly 
used ; horn- piths arc used for the production 
of special glues in which great adhesiveness is 
not necessary. 

Manufacture: (a) Hide and Skin Glues. 
— While the epidermis of the hide yields little 
or no glue, the corium or inner skin, consisting 
mainly of collagen fibres, gives a high grade 
glue. Hides and skins are, however, only used 
for this purpose when unfit for leather manu- 
facture. The following are the raw materials in 
decreasing order of quality : hide pieces of 
calf, goat, deer, etc., including ear and face clip- 
pings ; low grade de-wooUed sheepskins ; sheep 

spetches ” ; hand and machine trimmings and 
fleshings from hides and skins; foreign sheep 
“ spetches ” ; and foreign hide and skin flesh- 
ings. Good tannery pieces (“ spetches ”) yield 
about 46% of glue while fleshings only give 
20-30%. Rabbit skins yield a pale oolouied 
glue which has a good adhesive power, but a 
weaker j oily strengUi than best hide glue. Glues 
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from tho Hkinn of young and Hiiiall animalH con- 
tain more chondrin {q.v.) and arc weaker in jelly 
Htrength tlian glueH from older and larger 
animalN. The piecen and triinmingR may be 
iinljined or limed. Many patontH exmt for 
making glue irorn tanned leathers, but the cost 
of the previous de-tanning is considerable. 
In the manufacture of high class glues, much 
disfretion is required ni blending the raw 
mfiterials. 

I'lie uniirned raw materialH are obtained from 
the tanruTy or from tin* animals at tlie slaiighter- 
hoiiso. Jf not used irnnuMliately they must be 
washed and salted, salted and dried, or limed to 
prevent putrefaction, llefore liming, they are 
washt‘d in a machine to remove blood anti dirt, 
which would eitlier prodii(‘e a liighly coloured glue 
or retluce its adhesive properties, and they arc 
, often run through shredding or cutting machines 
to ensure a mon* uniform action of the lime. 

The limed raw materials are eut from hides 
whit h have been laid flat in pits in liquors con- 
taining about 4% lime and 0 2-0-5% sodium 
Niii])liide (which contains iron and turns the 
hides a hluish-green) for 7-21 days, with about 
4 liftings. The ohjeet is to loosen the hair by 
softening the bottom layer of the epidermis. 
Mueins and iniieoids are also dissolved out. 
The hair is then removed by a, machine with a 
blunt knife, the hides arc trimmed and the sur- 
plus flesh seraped oft. The hair thus obtained 
finds use in jilastering work and felt making, etc. 

Skins are painted on the flesh side with a 2% 
sodium sulphide solution thickened with lime, 
de-woolled or uiihaircd the next day, trimmed, 
fleshed, well washed and limed further in a lime 
licjiior containing arsenic sulphide. 

The first process in the manufacture of glue is 
the liming and the (piality of the jirodiiet 
depends upon the thoroughness of this treat- 
ment. ft is necessary to avoid hydrolysis of 
the collagen and the extent of this liming there- 
fore depends upon the condition of the raw 
material, and wuth already limed stock reduced 
liming is usually desirable. J^or uiihmed 
stock, saturated lime-water has boon recom- 
mended, but in practice this has to be changed 
at frequent intervals. It is necessary to con- 
struct the whole plant so that it can be kept 
absolutely clean without excessive labour. It is 
best to employ several changes of a lime sus- 
pension in wooden or concrete vats using about 
10% of lime on the weight of the stock, or less 
if caustic soda is used. The total time varies 
from 30-60 da^v's, but is considerably less if 
caustic soda is present, and the stock is then 
firm and free from a greasy feel. If it is fre- 
quently turned over no bacterial action occurs. 
Bleaching agents, such as bleaching powder or 
sodium peroxide, and preservatives, such as 
phenolic compounds, are sometimes added, but 
may cause coagulation during evaporation. 

The second process is carried out in the washing 
mills with running water until the washings are 
clear. As the removal of the lime is incomplete, 
acid is added to the next wash-water. The 
most commonly used are sulphurous and hydro- 
chloric acids. The former has the adfWtagc 
of lieiiig both a bleaching and antiseptic acid, 
but it has the disadvantage that appreciable 


quantities of sulphur dioxide or sulphites may 
^ left in the finished product. Commercial 
hydrochloric acid is used more frequently in the 
manufacture of glues where the presence of 
traces of iron or arsenic would not be con- 
sidered as objectionable. After the acid treat- 
ment, the material must he in a nearly neutral 
condition with a p^ value of about 6 0. Stock 
containing rancid fats would yield turbid glue 
because of the emulsifying power of the oxidised 
acids. Such material can be improved by car- 
honation, that is blowing carbon dioxide through 
them in water until phenolphthalein is no longer 
reddened. In any case, the materials are then 
either used immediately or dried and stored 
ready for future use. 

The third process is the extraction of the clue 
by “ boiling ” with a large quantity of wimer. 
The word “ boiling ” does not imply actiual 
ebullition, but gentle cooking at a temperatiire 
of about fiOT/. to convert the collagens into g|ue 
and allow the fiit to rise without eniiilsifyH|ig 
with the gelatinous matter. This is the nioH 
important process of the manufacture, and the 
quality of the finished jirodiict depencls upon a 
number of factors which are very diffieiilt to 
control. It 18 necessary, for inslaiiee, to avoid 
as far ns possible the forinatimi of degradation 
products by prolonged heating. Very fre- 
quently, however, degradation products are 
present in certain portions of the skins, owing to 
ovcrhraing. These dissolve first, and the “ iirst 
run ” of glue is then of iiilenor ijiiality com- 
pared with the HC(‘ond evtraetion. 

Generally, the extraction of glm‘ is carried out 
in open aluminmiii oi woodi'ii vats, 3 or 4 ft. 
deep and 6-8 ft. in diameter. Cupper heating 
coils are placed at the bottom ()1‘ the vats and 
covered with a perforated false bottom usually 
made of iron or copper. By this arrangement 
the materials do not come in contact with the 
coils, while the perforated false bottom is used 
as a support for a coarse filtering medium. The 
steam for heating comes from a vertical pipe in 
the centre surrounded by a wooden easing or 
“ ” passing through the false bottom so that 

when the liquor boils it rises through the casing 
and flows out at the top of the vat, passing down 
through the glue-stuff. For dry material, the 
vat is fitted with a “ curb ” in which the 
spetehes can be piled and sink down gradually 
as they soften. 

The vat is filled with the treated materials 
and enough water is allowed to run in to cover 
them, and steam passed through the coils, the 
temperature being maintained at about 60°C. 
(140'’F.) for 6-8 hours or until a sample of the 
liquor forms a firm jelly on cooling. As much 
of the fat as possible is skimmed off and the glue 
liquor is then drawn off through a valve at the 
bottom of the vat, run into a tank, allowed to 
cool somewhat, and a further portion of fat 
allowed to separate. 

More water is then added, and the “ boiling ” 
is continued until the necessary concentration 
has been reached. This second liquor will yield 
the best glue, but a large quantity will still be left 
in the hide stock, which is extracted by repeating 
the “ boiling ” 3 or 4 times, the temperature of 
the extracting water being increased if necessary. 
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The glue liquors must be filtered and con- 
rentrated, but as these processes are similar to 
those employed for bone glues they will be*| 
described later. 

(6) Bone Glue. — For this purpose, bones of 
all kinds are used and vary, therefore, so much 
in composition that it is useless to give any 
detailed analysis. Apart, from the marrow, 
blood-vessels, etc., they contain the main in- 
gredients of the ash, calcium phosjjhate and 
rarbonatc, fat and the gelatin -forming sub- 
stance ossein. The inorganic portion is so 
intimately blended and incorporated with the 
osHPin that it is only by drastic treatment as, 
for instance, by the action of strong mineral 
acids, that they can be separated. 

In many respects the processes used in the 
manufacture of bone glue differ from those 
described for hide glues. These difTcrences do 
not refer to the extraction of the glue itself, 
but to the preliminary treatment of the raw 
mateniil in order to obtain a number of very 
valuable by-products. 

The os.sein, the collagen of bonc.s, may be 
isolated from dt'greased bones by a prolonged 
and .somewhat expensive and troublesome treat- 
ment with dilute acids. The number of acids 
smtahle for this purpose is hmited, as some of 
them, e.g. nitric and acetic acids, have an in- 
jurious effect on the gclatin-yi(‘lding material. 
JTydrochlorie acid is hy far the most rommonly 
used ; the strength of the solution vanes between 
2 and 5%. 

Ossein can be limed and treated in a manner 
similar to hid(‘S, but owing to the expense and 
the time recpiired, this treatment is only used 
for the manufacture of gelatin. 

In order to extract glue from untreated 
bones, the following process is adopted. 

The green bones are first passed through a 
(■rusher, and then over a belt in order to remove 
l»y means of a magnet any mctallie objects 
which may be present. In many eases the bones 
are thoroughly w ashed before erusliing. 

The crushed bones are then treated for the 
removal of fat. Fresh bones comprising th 
heads, ribs, shoulder-blades, etc., contain 12- 
13% while the largo thigh bones (“ marrows ” 
yield 17-18%. Marine store bones, which have 
generally been used for making soups, Indian 
and South American hones rarely contain more 
than 12% of fat. 

There are three methods of extracting fat 
from bones: (1) by heating the bones with 
W'ater m a tank provided with a steam coil ; 
(2) by heating with steam m a digester under 
pressure ; (3) by extracting with a volatile 

solvent (v. Bone Fat). 

By the first of these processes the yield of fat 
is small, but it is of good colour and finds ready 
use in many subsidiary industries such as soap- 
making. 

The second process will extract more fat, but 
at the same time also a certain amount of the 
glue. 

The solvent extraction process will remove 
practically tbe whole of the fat without injury 
to the glue-yielding material and is the one used 
in most modem factories. The usual solvents 
are benzin^, benzol and trichlorethylene ; benzine 


was commonly used, but trichlorethylene and 
other modern solvents aie rapidly taking its 
place owing to non -inflammability and lower 
cost of degreasing. 

The idea that in order to obtain a good ex- 
traction of fat the bones must not contain more 
than 10% of moisture has been proved incorrect, 
as the presence of water will not hinder the ex- 
traction of the fat and will not cause loss of glue, 
especially if the solvent used has a low boiling- 
point, e.g. if trichlorethylene (b.p. 87°C.) is 
employed. 

A modern fut-extraeting plant consists 
generally of 6 cylindrical vertical extractors, 
cacli of a capacity of 5 or 10 tons, worked in sets 
of 3 units, one lot extracting while the other set 
IS being cunptied. The extractors are provided 
with wet and dry steam coils placed under a 
pcTforated false bottom. 

After sorting, the crushed unscreened bones 
are filled into the extractors, the manholes arc 
tightly closed, and sufficient solvent to cover 
them 18 allowed to run in from the storage tank. 
►Steam is then admitted to the dry coils and the 
solvent is distilled over through a pipe placed at 
the top of each extractor and connected with 
suitable condensers often situated outside the 
Innlding. 

By formation of an azeotropic mixture the 
solvent carries off all tlio water contained in the 
bones ; the mixture is passed, after condensation, 
into a separator which allows the solvent to be 
recovered and returned to the ston^^ge tank, and 
thence, automatically, to the extractor. 

The heating is eontiniicd in this way until the 
condonsed solviuit is free, or practically free, 
from water, W'hcn extraction is assumed to bo 
complete. The steam is then turned off, and 
the fat, together with the remaining solvent, is 
drawn off from the bottom of the extractor into 
a still for the recovery of the solvent. 

The bones are then w^ashed once or twice wdth 
the solvent, to remove from them as much as 
possible of the adhering fat. These washings 
are also drawn into the still, and high pressure 
steam from the wet steam coils is then blown 
into the extractors to completely expel all the 
solvent. This is continued until the con- 
densate is all water, when the extractors are 
opened to admit a circulation of air for drying 
the bones. The whole operation takes about 
12 hours. 

The fat obtained by this method is, as a rule, 
highly coloured, and is known commercially as 
“ benzine bone grease.” It is freed from dirt, 
if necessary, by heating with hot water and 
settling, and is then run into barrels. It con- 
tains about 98% of fatty matter and is used for 
soap, candle, glycerin, and if made from fresh 
bones, for margarine making. 

The bones are raked out, conveyed to a 
cleanser, consisting of a rotating cylindrical wire 
gauze sifter, where they are “ polished ” and all 
small particles of adhering tissues removed. 
The ” pohshed ” bones should be free from smell 
and not contain more than 0-25% of fat. In 
many works the extraction of the glue is carried 
out ^ithout subjecting them to any further 
preliminary treatment ; in others they are sub- 
jected to maceration either in dilute alkali or 
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dilute acids. Tbe acid treatment, for which 
dilute solutions of sulphurous acid are used, is 
supposed to facilitate the extraction of the glue, 
by causing a slight dccalcifi cation on the surface 
of the bone, while an alkaline treatment, cither 
with milk of lime or dilute soda, has for its object 
the removal of substances which by their 
presence impair the properties of the glue. 
These substances occur always in the connective 
tissue of various organs, and belong to the 
chondroproteins ; in tbe case of bones this 
chondroprotcin is called osseo-mucoid and was 
isolated in notable cjiiantities for the first time 
Viy Hawk and Gii's (Amer. J. Physiol. 1901, 5, 
388). 

The extraction of glue from the “ iiolished ” 
hones is earned out in pressure tanks, commonly 
railed “ digesters.” These are steel eyhnders 
with convex ends, having a largo manhole at 
the bottom for the removal of the siicnt material 
and a hinged lid for the charge. 

Ilefore the extraction, steam is blown through 
the boii(‘H in order to further clean them and to 
remove aii 3 ' trace of adhering solvent. When 
the digester is filled with steam, the steam outlet 
is closed and the pressure allowed to increase to 
the desired extent. Both the pressure and the 
time for which it is maintained vary in difl'erent 
works : in some, pressure and vacuum are 
applied alternately in order to ensure better 
penetration of the water and thus give more cun- 
eentratod liquois. 

When the pressure in tJie “ digester ” has 
boon released, Matei preheated to lOO-llO'^'C. 
(212-230°E.) is run in to effect the extraction 
of the glue. As in the case of liide glues, several 
“ runs ” are made, caeli yielding glue of a 
(liflferent grade. 

Tkeatmknt of Glue Liquoiis. — Tho liijuors, 
either from hides or from bones, eontain sus- 
pended fine materials. Several methods have 
been suggested for their elimination. In many 
works glue liquors are clarified by standing in 
tanks, kept warm by steam coils, here the dirt 
settles and tho grease that coincs to the surface is 
skimmed off. Not all glue liquors can bo filtered 
bright ; the protective action of the gelatin 
itself is a hindrance to a good filtration. Fuller’s 
earth, charcoal and alumina have been recom- 
mended as filtering media, but the best results 
are obtained with cellulose. Cellulose, being 
slightly electronegative to water, holds tho 
electropositive jiarticlcs without adsorbing the 
glue, but m order to obtain a good filtration it is 
necessary to pack the cellulose loosely. Filter 
presses therefore prove to be useless and gravity 
filters should be used instead. 

Many manufacturers prefer precipitating the 
suspended material by producing a colloidal 
coagulation in the glue liquor, w^hich can collect 
and hold the suspended particles ; albumin is 
added, for instance, to a comparatively cool 
liquor, and the temperature gradually raised 
until coagulation takes place. The liquor is 
then allowed to stand for the separation of the 
coagulum, and tho clear portion siphoned off" and 
filtered. Instead of albumin, blood is fre- 
quently used, or, in many cases, inorganig pre- 
cipitants such as alum or acids which form in- 
soluble salts with the alkaline earths. 


The clarified glue liquors are then evaporated 
to the necessary^ concentration in vacuum pans, 
tho Yaryan evaporator {v. Vol. IV, 4095). 

Many glues have a strong tendency to foam 
when heated in vacuo ; the addition of soaps 
(e.g. aluminium soap) or of tallow will, by alter- 
ing the surface tension, decrease very markedly 
this tendency, but at the same time render the 
finished product useless for certain purposes. 

After evaporation, the glue liquors before 
settling are bleached, if necessary, by treat- 
ment with sulphur dioxide, which is introduced 
through perforated pipes into the liquors 
contained in lead-lined tanks and kept hquid 
by steam coils. W'hen the required shade 
has been reached, the liquors are ready for 
jellying and arc run into woodcMi or galvanised 
iron troughs about 5 ft. long by 9\in. 
deep and 15 in. wide and allowed to cool. 
Great care is taken to keep these coolers :weo 
from putrefactive bacteria and they are ^e- 
qiienlly w^ashed with sulphurous acid solution or 
fresh milk of lime. When set, the mass ^s 
removed and cut by a “ wire knife ” into sheets 
of suitable thickness, or the bquois may be run 
into shallow trays and the slabs cut to the 
required size. In modem practice many glues 
are prepared in the form of beads or flakes by 
running the glue liquor into a suitable liquid, 
and a preservative is generally incorporated. 

The drying operation which follows requires 
very great care ; artificial heat cannot be used, 
since tho melting-point of the jelly is frequently 
not above 25*^0. and in hot, and cspeeially in 
thundery weather, it sometimes mells. Bacterial 
contamination often causes bubbles in tho 
interior of tho cakes. For these reasons tho 
glue is often concentrated in tlio Yaryan or 
“ Climbing Film ” type of evaporator until it 
will set to a firm cake when run on to glass 
23latc8 previously waxed or rubbed with ox-gall 
to prevent adhesion. Otherwdse, tlio glue slices 
or “ cakes ” are laid out upon frames of gal- 
vanised wire and transferred to the drying 
tunnels, so eonstructed as to receive trucks each 
stacked with a number of frames. 

The tunnels are of varying length, and air is 
blown through them in counter-current flow to 
the direction of the progress of the trucks. This 
exposes the first trucks carrying nearly dry glue 
to the driest air, while trucks with cakes from 
successive batches of glue and therefore only 
partially dry are exposed to cooler air practically 
saturated with water vapour. By this method 
the too rajDid drying of the surface of the glue 
cake is avoided (case-hardening). 

Steam coils and humidifiers are provided at 
the intake of the air duct and tho temperature 
and relative humidity are carefully controlled 
by wet- and dry- bulb thermometers, or auto- 
matically in modern plant, throughout the 
drying ; if possible, the air blown into the dr 3 dng 
tunnels should be filtered, as even under the 
best conditions tho amount of dust and accom- 
panying bacteria deposited on tho glue by the 
air -current is considerable. 

A properly dried glue should contain from 
12 to 18% of moisture. Many properties of the 
finished product depend on this hygroscopic 
moisture ; a dehydrated glue has a low tensile 
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latrength, while a damp glue has bad keeping Chemistry and PRorEkTiES of Glue. 


Iqiialities. 

Ossein . — This is a preparation obtained by" 
kreating the fat-freed bones with dilute mineral 
lacids, when the phosphates, carbonates and 
Ifloluble salts are removed. The residue consists 
lof the ghie-forming ingredients and is put on the 
f market in a dry state for the manufacture of 
I gelatin. 

(c) Fish Glue. — The waste products of the fish 
J industry give fish glue, which is the most iin- 
i portant Uquid glue. The raw materials are the 
i skins (especially those of soles and plaice), the 
' liladders of various fish and, chiefly, all varieties 
of fisli oflal. The quality of the glue prepared 
from ground fish such as cod, haddock, hake, 
etc., is higher and the yield is greater than in 
the ease of glue made from most other fish, e.g. 
menhaden. Fish such as mackerel and herring 
contain large quantities of oil. The offal is 
earned by conveyors to a scries of washing tanks 
jdaced overhead and thorougldy waslied until 
the w ater contains a low percentage of chlorides. 
It then falls by gravitation into the digesters 
and is covered with water and heated with 
live Hteain. The length of the cooking varies 
with the nature of the glue slock. Usually the 
licjuor formed by cooking the stock is drawn 
off' when it becomes sufficiently concentrated 
and a second run of inferior glue liquor is 
obtained. The oil is skimmed off and 0-5-3-0% 
of preservative such as phenol, cresol or bone 
acid is added because bacterial growth would 
cause rapid decomposition. Alter straining, the 
liquors are cvaiiorated to a uniform viscosity, 
and a sufficient (piaiitity of some essential oil, 
dissolved in ethyl alcohol, is added to prevent 
mould -growth and to mask the fishy odour. 
Some fish glues arc made opaque by means of a 
white pigment, such as zinc white, whilst others 
are bleached with sulphurous acid. 

Fish glue is usually marketed as a liquid glue, 
which differs from hide and bone glues in con- 
sisting chiefly of proteoses and peptones and 
being soluble in water at 18°C. it is very 
adhesive but should not contain more than 0-2% 
of sodium chloride as otherwise it gives joints 
which will w eaken in humid weather. It should 
be shghtly acid to phenolphthalein. The best 
w ay of comparing different samples is to com 
pare the times of drying and the hardness of 
the Uried films produced in a room at 20°C. 
and 20% relative humidity. 

Isinglass. — See under Gelatin. 

Glue Size may be considered as a by-product, 
since it usually consists of the crude glue fiquors 
which are the product of the third or fourth 
extraction of the raw material, and, if dried, 
W'ould yield a glue of inferior quality. 

Size is usually treated with sulphur dioxide to 
improve its colour and its keeping pow'er. Zinc 
sulphate or boric acid is often added as a pre- 
servative, and when sold it usually contains 
about 26-38% of glue. 

Concenti-atcci Size consists of ground glue 
preparod from cakes of inferior shade am 
qudiity. 

Coloured or Opaque Glues are mode by 
the addition of a small quantity of some pigwut. 
or finely ground chalk or whitiogr 


The products yielded by the hydrolysis of 
collagens may be divided into three groups : 

(1) Gelatin {q.v .). — This is the first hydrolytic 
product. The commercial varieties are flexible 
and horny in the air-dry condition, when they 
contain 8-1 r)% of water. When precipitated 
rom alcohol or by salts, gelatin is pure white 
and nearly water-free. It is soluble in glacial 
acetic acid (such solutions being made use of 
in the familiar “ Diamond Cemeyit ” and “ Secco- 
tine ”). in cold w^atcr it swells to a transparent 
icily which melts at temperatures from 30 to 
giving n solution of gelatin which sets 
again on cooling if the concentration is above 
1%. To avoid further hydrolysis in dissolving 
gelatin, the temperature must not exceed 50°C. 
and a solution heated above 70°C. will not 
return to its original state. The melting-point 
varies very considerably with the quality of the 
gelatin, but is little affected by concentration 
between 6 and 10%. A 10% jelly of best hard 
gelatin melts at about 38°(\ but the melting 
point is raised by various salts, such as alum, 
chrome alum and basic chromium salts, which 
react with it cheinically. 

Commercial gelatins contain gclatoscs and 
pex^tones, often in considerable quantities, and 
the protein chrindrin is probably also jirosont. 
Even the best b’rench gelatin contains peptone. 
Hogue (“ Chemistry and Technology of Gelatin 
and Glue,” New York, 1922, p. 28) gives the 
lollow'iiJg percentages : 
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Pro- 
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nitro- 

gen. 

Pep- 

tone 

nitro- 

gen. 

Amino- 

acid 

nitro- 

gen. 

Riis.siaii isinglasH . 

9 10 

4.4 

4«5 

01 

Edible gelatin 

87 8 

11-3 

0-7 

0-2 

Hide glue . 

84-fi 

12-4 

2-6 

04 

,, . 

.'>20 

3H-(> 

8-4 

0-9 

Bone glue . 

73 r> 

lfi-4 

8-1 

20 

- 

3ir> 

60 6 

14-8 

30 

Peptone . 

00 

33-2 

48-5 

18-3 


The chemical distinction between gelatin and ? 
glue is merely one of purity. Commercially a ! 
gelatin differs only from a glue in that the former \ 
IS a very high grade product, is of high jolly \ 
strength, is light in colour, gives solutions that \ 
are reasonably clear and contains relatively less 1 
degradation products, see table. 

Dry distillation of gelatin yields water and a 
dark thick oil, similar to Dippel’s Oil, containing 
pyridine bases, aniline, etc. Formaldehyde, 
when added to gelatin in solution, solidifies it 
and renders it insoluble even in hot water. 
8% of formaldehyde gives the maximum effect. 
This property has been utilised in waterproofing 
and in the production of the long extinct 
Vandura silk {v. Vol. V, 1166). 

(2) Chondrin (v. Gelatin, Vol. V, 509d). — 
This homy substance, very similar to gelatin, is 
contaii^ed in most glues, but differs in being 
precipitated from its solutions by nearly aU 
acids, though usually soluble in excess. It is 
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diHtinguiHhi'd by givjng, like niucin, a preripitate 
with acetic acid. It may b(‘ detected by adding 
a Haturated Holutirm ot chrome alum to a 
10% rioliition of the HUH|K‘cted gelatin, which 
will gelatiniHe while atill hot if chondrin is 
prcflont in injuriouH quantity. Many Halts, such 
08 alum, huKl acetate and iron Halts also precipi- 
tate it. ItH gelatinising and arlhcHive powers 
are weakcT than thoHC of g<‘latin. 

(.'!) Mucin. — -This name covers a number of 
Hlimy HubstaiH'CH, which hw'cII, but do not tli.s- 
Holve in water. 1’lu*y are Holublt* in lime-water 
and are UHualiy riunovcd in the liming operation. 
They dissolve in 10"^^ Halt solutions, but are 
precqiitated hy more eoncentrated solutions. 
They an* detected in gliu* by the addition of 
aeetie aeid which causes a jirccipitatc. They 
are also thrown dow'ii by alum. If left in the 
glue, they give rise to “ foaming,” and have 
little or no adhesive or gelatinising jiroporticH. 

Uses or Glue. — A great variety ot induHtnes 
employ glue in some form or other, c g. in sizing 
textiles, papers, waits, eanvas, ete., and in book 
binding. It is also largely employed in joiner’s 
work, veneering, box-mukiiig, the making of 
iiiat.(*hes, distempers, etc. 

Mixed with gl 3 ^eerin, tri'acle or glucose it 
forms the eoinposit.ions used as siibstitiite.s for 
rubber and for printing rollc'rs, stamps, etc 
Mixed wdth treacle or glyeenri it is employed 
in making the familiar “ jellygrajih.” 

It is also used in jihotograjihy, and as gc'latin 
it forms part of the raw^ materials of cookery. 

Glitk Tcstino 

The facts that commercial glue is not a jaire 
Hubstaiiee and that traces of impurities materially 
alT'ect its pioperties make its tesling diffieult. 

I’he physical and chemical jirojicrtics of glue 
dejiond on tbe^ nature of the raw material and 
on the methods of processing. It is not possible 
to draw up any simple tests which will evaluate 
eoiiipletely the quality of a glue, or its Huitability 
lor a partieular trade. If, how^evei, the glue is 
made from a speritic type of raw materia) by a 
standard method of Jiiaiiufartiire, then the 
Eritish jStandard Methods for testing Joiners’ 
GIuch (British {Standard No. 745 — 11137) and 
Bone, {Skill and Fish Glues (British Standard, 
No. 047 — 11138) provide indieation.s of the 
behaviour of the glue in use and may be taken 
as reliable criteria of quality. When more 
stringent Hpeeifieations are required reference 
should be made to British Standards, Nos. 4 V II, 
Dry Gelatine Glue ; 5 V 10, Liquid and Jolly 
Gelatine Glues, Glues for Aircraft Purposes. 

The relative importance of the tests to be 
employed depends very largely on the purposes 
for which the glue is intended. For veneering 
and general joiner’s work, for book-binding and 
the like, a glue should have good joint- strength, 
little foam and good keeping qualities. It 
should also show a good jelly strength and he 
free from grease, or it may give uneven joints. 
The gummed paper and carton manufacturers 
are particularly interested in viscosity and foam, 
ete. The glue for use in the sizing of canvas and 
the like should show a good jelly strength and 
good tensile strength : foaming power and 
grease are of loss importance. For preparing 


dihteniperH, the grease content should be low as 
it may give rise to llei-kH ; the keeping power 
should be high, but the tensile strength and jelly 
strength arc of less importance. It is not neces- 
sary in any particular case to employ all the 
tests. In practice the consumer usually knows 
from Ills experience the most suitable type of 
glue for his purpose. The problem then reduces 
itself to cheeking those properties which are 
relevant. 

Til tcKting glue the nppeaiance should always 
be noted and the odour of a freshly prepared 
hot solution, which should not be objectionable. 
Jelly or luiunl glues should be in the form of a 
jellv or viseoiiH Iniuid, which, a I the temjieraturo 
stated by tlie maker, should, as supplied or 
after dilution with water, be of satisfactory con- 
HiHt<*ncp. The tests may be divided into two 
classes : physical tests upon some proiieriv, 
and ( hcinical analysis for some eonstitiient. 
The physical tests most commonly used are : 
|(1) Jelly Strength, (2) Viscosity. (3) Melting- 
point, (4) Adliesivc Strength, (.')) Tensile 
Strcnglh, ((i) Keeping Qiialily, (7) Water Ab- 
sorption, and (S) Foam Test. The chemical 
analysis itu bides the determination of the 
following- (I) MoistuK* (Content, (2) Beaction 
(Ph)' (•^) Gn'ase, (4) Ash, (.5) (’hlorirle, and 
(()) Sulphur Dioxide. 

The question of the saiupliiig js one of prime 
importance. It i.s neiessary to sample eaeh 
container m a didivery il this consists of 5 or 
loss. For larger deliveries of (i-50, 51-100, 
101-500, and 501-1,000 the numbers are 5, 10, 
15 and 20 respectively. The liquid sample is 
taken by a sampling tube, scooii or similar tool. 
Pieces aie broken up or ground by band in an 
iron mortar, and quarteied to givi* a final 2 lb. 
sample. 

(1) Jclli/ Strfhfjth . — As a general index to 
ijunlity the jelly strength and/or viscosity are 
usually includ(‘d. Tn tesling the former, the 
glue solutions are arranged in or(l(*r of merit by 
comparing the resiliency of their jellies as asc'cr- 
tained by the ju’CHsiire of the finger tips. In the 
British >Standard metliod, the sample is com- 
pared with an agreed Htandard sample under 
similar conditions. According to the grade of 
the powdered sample 5, 7-5 or 10 g. arc weighed 
into a 150 e.e. beaker and 50 c.e. of cold distilled 
water added. The glue is allow^ed to soak until 
•ornplctely sw'ollen, the beaker heated on a 
watcir-bath for JO minutes during which the 
glue is all dissolved at not above C0°C. by con- 
stantly stirring. The glue liquor is poured 
immediately into a Chinese ointment-jar (in- 
ternal measurements in. x 2^ in.) and the 
celluloid cap put on after 2 minutes. It is 
kept for 16 hours at 15“C. and the jelly is com- 
pared with that of the agreed sample by pressure 
with the finger. 

The testing of the comparative eonsisteni ies of 
jeUios by measuring their capacities for bearing 
weights was originsily suggested by Lipowitz 
(Neue Chem.-Tech. Unters. Berlin, 186), 37). 
His scheme has formed the basis of many 
methods proposed from time to time ; amongst 
them those suggested by E. S. Smith (U.S.P. 
911277) and by Alexander (U.S.P. 882731) may 
be mentioned as they tend to overcome the 
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error which always attends the breaking or i 
compression of a jelly, due to the formation of a I 
“ skin ” at the surface. ' 

Sheppard, Sweet and Scott (Ind. Eng. Chem. 
1920, 12, 1007; J. Amor. Chem. Soc. 1921, 43, 
539) at the laboratories of the Eastman Kodak 
Co. have developed an apparatus in which 
cylinders of gelatin jolly are submitted to 
torsional stress. This method is scientific and 
capable of giving absolute results, but has not 
been adopted in industrial practice. 

Another method, whereby reliable compara- 
tive results may be obtained, consists in deter- 
mining the jelly strength by means of a balance 
provided with a pan at one end of the beam and 
a counterpoise at the other. At the bottom 
of the pan is soldered a rod on which is fixed 
a steel ball of standard diameter. The glue 
jelly is prepared by weighing 1-5 g. of the glue 
to be tested in a small glass cylinder (10-15 mm. 
diameter) graduated to 15 c.c. at IS'^C. Water 
is added and the glue allowed to soak overnight. 
The volume is then made up to 15 c.c., the glass 
cylinder gradually wanned on a water-bath, and 
the contents stirred until all the glue goes into 
solution. A few drops of toluene arc added to 
prevent the formation of a “ skin ” and the 
solution is allowed to cool slowdy. The eylirider 
is thim placed in a eold chamber the temperature 
of wdiieh should not go below U or 2''0. After 
the lapse of 3 or 4 hours the cylinder is jilaeed 
under the plungtT and the balance adjusted to 
zero by means of the counterpoise, while the 
steel ball just touches the jelly. 'I'ho height of 
the plunger can be adjusted if necessary. 
Weights are then slowly added to the pan until 
a pointer has indicated an arbitrarily fixed 
deflcf tion. A comparison is made with a jelly 
prepared at the same time with purified gelatin 
or an accepted standard glue. 

Where there is no agreed sample glue for com- 
parison the B.S.l. have adopted the Bloom jolly 
Htrcngtli tester (Ind. Eng. C3iein. |Anal.], 1930, 
2, 34; British {Standard No. 047 — 1938). An 
extra-wide-mouthed test bottle is used of 155 c.c. 
capacity, 69 mm. internal diameter and 00 mm 
outside diameter and 85 mm. height overall. 
A tapered rubber stopper with a base diameter 
of 42-45 mm. is out in half and the upper 
portion centrally perforated by means of a red 
hot 2-5 cm- brad. The upper half of the stopper 
is used to obtain a snug fit in the neck of the 
bottle and the air vent prevents the stopper 
from being blown out during the melting and 
heating of the sample. 15 g. of the sample are 
put in the test bottle and 105 c.c. of distilled 
water at 15°C. added whilst stirring. It is 
allowed to soak overnight at 10-1 S^C. The 

bottle is placed for a few minutes in water at 
2O-30°C. to prevent cracking before putting it 
into the melting bath below 70°C., where it is 
brought to 62'^C. in less than 15 minutes. After 
closing the bottle with the stopper, now cariying 
a thermometer, S/nd before reaching 62"C., the 
solution 18 made uniform by swirling the bottle. 
The bottle is then kept at 10±1®C. for 16-18 
hours. The determination of jelly strength 
mode with the Bloom golometer, adjusted to 
give a 4 mm. depression and to deliver shot at 
the rate of 200 g. per 6 seconds. The results are 


expressed in grams required to produce the 
4 mm. depression. 

(2) Viscosity . — ^This has always been con- 
aidered, by both manufacturers and users, as an 
mportant test in the evaluation of a gelatin or 
glue. In the British Standard jnethod, 106 e.o. 
•f cold, distilled water are added to 15 g. of the 
glue in a corked flask. After standing 2 hours, 
t is placed for 10 minutes in a water- bath at 
i5“C., dissolution being aided by gentle stirring. 
The flask is cooled to 40''‘0. and placed in a 
thermostat at 40 ill'll'- for ^ hour. The liquid 
H then poured through a funnel, loosely plugged 
with cotton wool, into a British Standard U-Tubo 
Viscometer (B.S. 188 — 1937) and allowed to 
stand for j hour before taking the measurement. 
It is i‘Hsential tluit the lime of efflux should l>e 
within the accurate range of the instrument 
hosen, which will be usually No. 2 or No. 3, 
and that the instructions given in the Speeili- 
eation be adhered to. In making up a solution, 
and in order to obtain comparable results, the 
percentage of moisture contained in the sample 
niii.st be taken into consideration. The percent- 
age composition of the solution should always 
r(‘fer to the dry weight of glue. The results are 
exjiressetl as the viscosity in eentipoiscs of the 
glue at a eoneentration of 12-5% by weight and 
a temperature of 40‘^'C. 

The viseosity of a gelatin (or glue) solution 
varic.s with keeping : the change in viseosity 
which takes place w hen a gelatin solution is kept 
at a low'cr temperature alter being heated for a 
short time at 100‘^ is shown by the following 
figures (wiiter 1 ) : 


ViscoHitv at 


Altci liratinK for . 


r» DilnH.j 

lOniins. 


30 nuns. 

00 nuns. 

21’ . . 

1-K3 

210 

2 45 I 

4- 13 

13-76 

24'8‘' 

1-65 

1-69 

1-74 

1 80 

1-30 

:\r . . 

1 41 

1-^1 

J-42 

1-43 

1-42 


If the beating is ju'olonged, as would be the 
ease in commercial practice, the viscosity 
reaches a minimum and constant value. This is 
due to an irreversible change, that is, to a de- 
composition of the gelatin. 

It follows that the temperature at which the 
viscosity of a gelatin solution is determined is 
of very great importance. V^on Schroeder, in 
his important work on the viscosity of gelatin 
solutions (Z. physikal. Chem. 1903, 46, 75), 
showed that at a temperature of 31°C. {see table) 
the viscosity does not alter over a period of 1 
hour, thus indicating the approach to some kind 
of equilibrium. C. R. Smith (.1. Amer. Chem. 
Soc. 1919, 41, 135) and, later, Bogue {ibid, 1922, 
44, 1313) found that at a temperature of 32-35° 
the gel form could not exist, and that no 
evidence of plastic flow could be observed above 
this temperature, which should therefore be used 
for viscosity readings of a 10% gelatin (or glue) 
solution. 

(3)* Melting -Point . — The melting-point of a 
glue is intimately correlated with its jelly 
strength and viscosity. It depends upon the 
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percentagoB of pure gelatin and gelatin degrada- 
tion products it containB. "i'ho greater the 
concentration of gelatin the higher will bo the' 
melting-point ; the greater the amount of 
degradation products the lower will be the value 
found. 

Many methods have been suggeeted for the 
meaHurcment of the molting point, but most 
of them will only give approximate rcaulta. 
The method deHcribod by Cam bon (J.S.C.I. 
1907, 26 , 703) has been uned in the British 
Standard No. 647, 193H. The apyiaratus con- 
sists of a brass bowl 22 miii. in height, 17 mm. 
external diameter at the toj) and 16 mm. at the 
bottom. It should weigh exactly 7 g. Into this 
tits loosely a glass rod 40 mm. long and 3 mm. in 
diameter, which is flattened at one end to a disc 
of 9 mm. diameter and fashioned at the other end 
into a hook. 15 g. of the powdered sample are 
placed in a beaker with 105 c.e. of eold, distilled 
water, allowed to stand for 2 hours, placed on a 
water-bath and maintained at OO'C. lor 10 
minutes, dissolution being aided by gentle stir- 
ring. The glue liquor is tlien poured into the 
bowl, the rod inserted to the base of th(^ bcwl and 
maintained in an upright position for Iti hours in 
a thermostat at lO^C. I’he cup is then totally 
immersed and suspended by the glass rod in a 
beaker of water at l.^^'C, placed in a water- bath 
at 20'’C. The w ater in the lat ter is heat ed so that 
the temperature of the water in the be[iker rises 
at the rate of exactly ^°C. per minute. The tem- 
perature ol the water in the beaker at which th 
bowl falls from the rod is taken as the melting- 
point. 

llefercnces to other methods which have been 
suggested are Cherchelfski’s (C3iem.-Ztg. 1901, 
25, 413); Kiasling's (Z. angew. Chein. 1903, 17, 
398) ; 8mith’s (J. Amer. Cliem. Sue. 1919, 41, 
146) ; and the one described by ISheppard and 
Sweet (liid. Eng. Chem. 1921, 13, 423), whirl 
is very accurate, but necessitates the use of 
a complicated apparatus. The Aeronautical 
Inspection Directorate, however, have sug- 
gested another method, which is simpler and 
equally accurate. A 20% glue solution is 
poured into a U-tube, which is llien placed in 
cold water to allow^ the glue or gelatin to set 
properly. One end of the U-tube is connected 
through a T-picce to a gauge and suitable means 
to obtain a pressure head of 6 in. of water, the 
connections being air-tight. The U-tube is then 
immersed in a beaker of water which is heated 
gradually by means of a micro-burner. The 
temperature at which the glue melts is indicated 
by the fall of the meniscus in the pressure gauge. 

(4) Adhesive Strength . — If a glue has to be 
used as a binding agent in joint or veneer work, 
the main test is its adhesive strength. 

This property of glues has been studied ex- 
tensively by Douglas and Pettifor on behalf 
of the Adhesives Research Committee knd their 
valuable work is summarised in Appendix 1 of the 
Third Report of the Committee (H.M.S.0. 1932). 
They recommend the use of the simple lap joint, 
already suggested in 1916 by the Aeronautical 
Inspection &reotorate, and give the procedure 
to be followed in order to obtain the miniumim of 
variation in the test results. Their work leads 
to the conclusion that the strength of a common 


glued w'ood joint depends upon two factors : 
(1) Mechanical embedding, and (2) Specific 
adhesion. Of these the greater emphasis should 
be laid on (1). The British Standard dehnes 
joint strength in shear as the load required to 
break a walnut overlap joint, when determined 
by the specified method. This value should not 
be Jess than 1,000 lb. per sq. in. for joiner’s glues 
whether cake, pow^der, liquid or jelly. For the 
determination, the glue liquor is prepared by 
soaking 10 g. of the sample in 15 c.e. of cold, 
distilled water in a beaker for 2 hours and 
melting on a water-bath for 10 minutes at not 
above 60”C. Liquid and jelly glues are tested 
at the original concentration. The test pieces 
are made from two shps of carefully selected, 
straight-grained, dry, black American walnut 
and are 4j in. x | in. x 1 in. The 1 in. face must 
lie in a tangential direction to the gram and the 
4^ in. length must bo approximately parallel to 
tlic longitudinal direction, but shall preferably 
make a small angle of 3“ with the grain. The two 
parts of the test-piece arc assembled so that the 
gram tends to run through the joint from ono 
piece of wood to the other. The overlapping 
surfaces arc toothed by hand with a sharp, fine 
toothing-plane having 20-25 teeth per inch. 
The glue is applied with the finger, avoiding 
air hubbies, to one surface of each of two test 
slips at ordinary air temperature, wdiieh must not 
be below 10‘ C. When th(5 surface of the glue 
lias become tacky, the surfaces are yilaccd to- 
gether wjtliout rubbing, so as to produce a 1 in. 
overlap joint. 8ix of these tcst-j)ieces arc made. 
They are clamyied immediately alter closure of 
the joint in a suitable press under a jiressure of 
200 lb. per sq. in. for 16-20 hour.s, and are then 
conditioned at 12-24^0. at 50-75% R.H. for 72 
hours. The pieces are put into an ay^proved test- 
ing machine with the grips 4 in. apart and 
arranged so that the loacl is apyilied in the plane 
of the unstrained joint. The load is applied 
uniformly at thc^ rate of about 1,500 lb. jier 
minute. The tot al load required to break a joint 
is regarded as the strength of the joint and the 
average of six is taken, an experimental error of 
5% being allowable in the mean figure. 

(6) 2^ ensile Strength . — It has boon shown by 
McBain and Hopkins (Second Report Adhesives 
Research Committee) that it is possible to obtain 
a measure of the strength of the glue itself by 
tensile strength measurements and to study other 
properties such as adaptation to volume change 
consequent upon sotting, shrinking, ability to 
withstand impact or actual bending, the effect of 
humidity, etc. 

Uniform glue films are obtained (Lee, Ind. Eng, 
Chem. 1930, 22 , 778) by pouring the necessary 
amount of a 20 or 30% glue solution on a highly 
polished Bakelite plate accurately levelled. The 
film, when dry, can be easily removed and cut 
into the required shape of test-piece. McBain 
and Hopkins (Z.c.) state that it is necessary to 
rehumidify the film before cutting in order to 
prevent it from splitting. The approved type 
of test-piece consists of a straight strip, the long 
sides of which can be cut with one stroke of the 
scissors, thereby minimising the possibility of 
snipping the edges. The ends of the test-piece 
are reinforced with paper and fixed in the grips 



GLUE AND GLUE TESTING. 29 


of a Schopper dynamometer of the pendulum 
type. The grips are supported on a horizontal 
knife edge, and the load is applied uniformly 
and at a rate which can be determined. 

The test strip should bo bent backwards and 
forwards several times before the tensile strength 
is measured, and the result compaied with that 
of another test strip which has not been sub- 
jected to previous bonding. 

(6) Keeping Quality . — ^This is intended simply 
as an index of the behaviour of the glue in 
practice and is not to be taken as a substitute 
lor a more complete bacteriological examination. 
The cake or powdered varieties of joiner's glues 
should retain their properties for at least 12 
niontbs when stored in a cool, dry place. The 
period with jelly or licpiid glues is agreed on by 
the purchaser and vendor. In the British 
Standard method of determination, .5 g. of the 
jiowdered sample are soaked in 20 c.e. of cold 
distilled water until completely swollen. It is 
then heated on a water- bath until dissolution is 
eomplel-ed, and transferred to a B.S. Petri Dish 
(B.S. (Ill), 94 mm. diameter. It is covered and 
placed in an incubator maintained at 40'^‘C., 
taken out after each 24 hours and cooled for 
inspection. The periods are noted when lique- 
faction, putrefaction or moulds occur. 

(7) Water Ab.<iorption . — The behaviour of glue 

when immersed in water at 18-2()‘'(.\ for 24 hours 
is a useful ciitenon ot its quality. Generally 
speaking, the greater the water absorption the 
better the glue, provided that the cake does not 
break and remains linn. Fine bone and skin 
glues increase in weight about 8-11 times, 
common glues about.') times, but a bad glue will 
yiaas entirely into solution. In the Biitish 
Standard Specification, wate^r absorption is 
defined as the proportion of water absorbed by 
a powder retained on a iV test sieve 

and passing through a i in. B.S. sieve. 10 g, 
of the pow der are wT'ighcd into a 1100 c.e. squat 
beaker containing 100 c.e. cold distilled water. 
It is kept for 16 hours at 10"C. with occasional 
stirring. The supernatant water is then poured 
off through a funnel fitted w'ith a strainer of 
stretched damp mushii of about in. mesh. 
The quantity of water passing through the funnel 
in 5 minutes is measured. The diflferenee be- 
tween this figure and 100 is the water absorbed 
by 10 g. of the glue. 

(8) Foam Determination . — The peptones pre 
sent in glue increase its tendency to foam and 
this test is of interest when the glue is to be 
applied by special machines. In the British 
Standard method for foam determination, 5 g. 
of the powdered sample are allowed t/O soak in 
r>0 c.c. of cold distilled water in a beaker until 
completely swollen. The beaker is heated in a 
water-bath to not above 60"G. until dissolution 
is completed. 50 c.c. is poured into a 100 c.c. 
stoppered cylinder (diameter 32 mm. ±2 mm.) 
The internal height to graduation mark is 
15d:0-5 cm. and to the shoulder is 23±0-5 cm., 
and the air space above the graduations corre- 
sponds to 50 c.c.i2 c.c. This is placed in a 
water-bath at 45°C. for 1 hour. The cylinder is 
then shaken vigorously with a throw of about 
12 in. at a rate of 3 shakes per second for 1 
minute. It is replaced in the water- bath at 


45°C. and left until the height of the liquor 
corresponds to 45 c.c. The time taken for this 
45 c.c. meniscus to form and the volume in c.c. 
of the foam above the liquid are reported. 

Chemical Analysis , — The following points and 
further determinations may be added to those 
described under Gelatin (g.v.). 

(1) Moisture Content . — Glues contain 12-18%, 
and a figure of 18% is the limit with cake or 
pow^der joiner’s glues. A very low result is not 
desirable, as it show's that the glue has been over- 
dried and has little tenacity, while a high result 
throws doubt on its keeping quality. 

(2) lieaction (pji). — This should be from 6 0 
to 8-5 for cake or powder glues and between 
4-0 and 8-0 for jelly or liquid glues. Free acid 
can bo determined directly by titrating to 
phenolphthalein . 

(3) Crease . — Only a negligible amount should 
be present. 

(4) Ash. — 7''he ash content of good glues varies 
from 1-5 to 3*0%. Some bone glues contain 
considerable quantities of calcium phosphate, 
while hide glues nre apt to contain calcium sul- 
pliatc or chloride resulting from the neutrali- 
sation of the lime used in preparing the stock, 
and arc frequently alkaline, due to the presence 
of lime. Various w hitening agents, such as zinc 
oxide, lead sulphate or carbonate, chalk, clay, 
etc., may be present. Glues weighted with 
barytes, etc., and some coloured glues also yield 
high ash weights. 

(6) Chloride . — The chloride content is one 
index of the behaviour under various atmo- 
spheric conditions. It should not exceed 2% 
(as NaCI) in joiner’s solid glues. 6 g. of the 
pow'dcred sample are w eighed into a nickel or 
platinum basin and 10 c.e. of cold, distilled 
water added. After soaking tor 1 hour, it is 
heated on a water-bath until dissolved and 
6 g. of pure lime added. After drying on a 
steam-bath and ignition so that the sample is 
comyiletely ashed, the residue is extracted by 
boiling raj)idly with small quantities of water and 
the salt dcterinineil by neutralising with acetic 
acid and titrating with iV/10 AgN 03 . 

(6) Sulphur Dioxide . — This is important when 
the glue is being used for sizing coloured paper, 
textUos or artificial silk. 27-5 g. of the powdered 
sample arc weighed into a 1 -litre round-bottomed 
distillation flask. 300 c.c. of distilled water con- 
taining 5g. of phosphoric acid {d 1'7) are added 
and the flask is connected by a bent glass tube 
fitted with 2 bulbs to a glass condenser, to the 
exit of which a “ B.A.lt.” bubbler is fixed. 
25 c.e. of A/2 iodine solution are placed in a 
receiving flask. Pure CO 2 is bubbled through 
the contents of the distillation flask throughout 
the determination. The distillation flask is sur- 
rounded by a water- bath and heated until the 
glue is dissolved. The flask is then heated 
directly until 200 c.c. of distillate have been 
collected. The distillate is acidified with 6 c.c. 
cone. HCI, evaporated to 75 c.c. and filtered. 
The filtered solution is heated to boiling, 10 c.c. 
of O-fiABaClj solution added slowly and allowe<l 
to stand overnight. It is then filtered through 
an ashiiess filter-paper, which is washed with 
hot distilled water and ashed. The percentage 
SO 2 is calculated from the weight of barium 
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BUlphaie. Blank detcrminutionM Hhould be made 
on the chemiealH iwed with the rubbe 

Btop{)erH and CO^ apparatuH. 

(7) Gelatin. — Many tewtH have been devised 
for detcTinining the gelatin eontcnls of glues, 
such as precipitation with zinc sulphate and 
estimating the nitrogen in the precipitate, 
precipitation with tannic aciil, etc., but they 
are all un trust w^irthy. J'osHibly the formal- 
dehyde titration {nee Gki.atin, V'oI. V, 507fl) 
gives the most relishle intorniatioii. 

Lambert, “ Glue, tlelatim* and 
their Allied Lroilucts,” J^ondnn, lOUa; Eerii- 
baeh, “Glues and Gelatine," New Voik, 11)07, 
Uideal, “ Glue and Glue Testing," London, 1014 , 
Reports of Adhesives Resisirch Committee, Lon 
lion, 1922-32 ; Bogue, “ Chemisti y and Tei hno- 
logy of Gelatine and Glue," New- York, 1922; 
Thiele, “Leim iirid Gelatine,” Leipzig, 1922; 
Procter, “ Principles of Leather Maiiulaelure," 
2nd ed. London, 1922; Alexander, “Glue and 
Gelatine," New' York, 1923; Shcfijmrd, “ (Jelatin 
in I’hotography," New York, 1923; ('atnbon, 

Fal)ri(‘ation ties colics et gelatines," Pans, 
1923; Gerngross iind Goidicl, “ Chemie mid 
Technologic der liCiiii- und Gelatine labrikat ion," 
l>reH(len and Leipzig, 1931; iStadlinger, “ l)ie 
Leimlibel," Berlin, 1929 ; >Sauer, “ IjCim und 
(ielatine," Kti'inkojiff, 1927 ; Smith, “ Glue and 
Gelatine," Jamdoii, 1929. 

Extensive hibliograpliies on glue are given 
by 11. Ditiriar (Kolloid-Z. I !)()(), 1, 80), R. H. 
Rogue (Cliem, Met. Eng. 1920, 23 , No. r>), and 
W. Simon {ibid. 1938, 84, 101). 

D. B. 

" CLUSIDE " (v. Vol. IV. 28i0. 

GLUTACONIC ACID. Pro]>eiie-ay-diear- 
boxylic acid, HO^C CH.CH CHg COaH, is 
best prepared by one of two nietliods. in the 
fii'St of them, duo to Conrad and Guthzeit 
(Annalen, 1883, 222 , 249), ciiloroform is con- 
densed with ethyl disodioinalonatc and the result- 
ing yellow eodium eomyiomid decomposed witl 
dilute hydrochloric acid, yielding ethyl ay 
dicarbethoxyglutaeonate, which is then hydn 
lyaed and deearboxylated to gliitaeonie acid by 
moans of strong liydroehloric acid : 

CHCl3+2CH,(CO,Et), 

(CO,Et),CHCH:C(COs,Et)3 

MCI 

(C0jiEt)aCH CH:C(C02Et)2 

H02C CH2 CH:CH CO3H 

In the second, more recent, method (Gnindinann, 
Ber. 1937, 70 [BJ, 1148) oxalocrotonic acid 
(readily obtained by hydrolysis of the con- 
densation product of ethyl oxalate and ethyl 
orotonate) is oxidised with warm 3% hydrogen 
peroxide : 

COjH CH:CH CHj CO COgHH HaO, 

COgH CH:CH CHj COaH + COa+HaO 

The acid obtained by both of these methods has 
m.p. 138° and is now known to be the trans- 
acid : 

HCCOaH • 

II 


This acid, on treatment with acetyl chloride, 
yields, not a normal anhydride, but the hydroxy- 
anhydride (m.p. 87-88°) : 

CH 

H t(OH) 





CO 

hytlrolvHiH ot whidi, under ordinary conditions, 
yielils only the <r«//i(-aeid. Malachowski, how- 
ever (ibid, 1929, 62 1 BJ, 1323) succeeded in 
preparing the c<>-aeid, 

HCCO2H 

II 

HCCHjCOjH 

by very careful hydrolysis of the hydroxy- 
aiihydiide. The eos-aeid, so obtained, melts at 
13()°, but shows a considerable dejiression on 
admixture with the /my/.v-aei(i ami also diflVrs 
fiom the latter in the rate with which it under- 
goes iHotopit' exchange with deuterium ovule 
(Evans, Bydon and Briseoe, J.C.M. 1939, 1(173) ; 
there is tlnis no doubt of the reality of tlie two 
sti'ieoisomene forms. 

I some) ism of the Glutacoiuc Acids , — The 
iiieidation of the isomerism phenomena ilis- 
jjlayed by ghitaconie acid and its alkyl deriva- 
' tives has played a great ]>art in the development 
I of modern views on tautoinerism. 

I Rogerson and Thorpe (ibid, 190r), 87 , 1009, 
10Sr>) showed that the two distmet esters 

EtOaC CMc(CN) CMe:CH COgEt 

and 

EtOgC CH(CN) CMe.CMe COgEt 

gave, on hydrolysis, the same dimethylglulaeonie 
acid. This they interjireteil as proving the 
identity of the two jKissible acids : 

HOaC CHMe CMeiCH COaH 

)3y-clim(‘lliyIplutaronic acul. 

and 

HO2C CH2 CMe.CMe CO2H 

ajS-diiiiL'Hiylglutaconic uulil. 

A similar identity w as found in the eases of a- 
and y-methyl- and the a-inethyl-y-ethyl- and 
a-ethyl-y-methyl-glutaeonic acids. These ob- 
servations were taken to imply the equivalence 
of the a- and y-positions in gliitaeonie acid (rf. 
the equivalence of the two o-positions in a 
inono-subatitiited benzene derivative). 

In addition to this peculiarity, the gliitaeonie 
acids showed other anomalous properties, viz. 
no stereoisomerio forms were know^n (in 1905), 
geometrical isomers having been sought for 
without success ; they also showed anomalous 
addition reactions, and they formed hydroxy- 
anhydrides instead of normal anhydrides. 
These anomalies w^ere found to disappear com- 
iletely when the mobile hydrogen atom was 
locked by substitution, e.g. in 

HOjC CH:CH CMea-COjH. 


HOjCHaCCH 
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Thorpe himself (J.C.S. 1923, 123, 3343) expressed I Usually only two forms are encountered in 
his point of view as follows : “ All experiments |practioe, viz. the cia-ajS and the trans-^y 
on the glutaconic acids . . . combine to show ‘ 'somers, but Kon and Watson IJ.c.) were able to 


that there is something in the constitution of 
these substances which conventional symbols do 
not ex})lain, and that this ‘ something ’ is con- 
nected with the mobile hydrogen atom of the 
system, because it disappears when that atom 
IS absent ; we assume, thcrt‘l‘ore, that this 
structural peculiarity is connected with the mode 
of attachment of the mobile hydrogen atom to 
the rest of the molecule.” On the Ijasis of such 
reasoning Thorpe, in 1905, put forward his 
well-known “ normal ” formula : 

COaH CH'CH[H] CH CO^H 

I'eist (Annalen, 1909, 370, 41) had prepared a 
second, labile, form of a-mcthylglutaconic acid 
which he regarded as a stereoisomcrido of the 
stable acid. Thorpe, however, was of opinion 
that the stable acid iiossesscfl the “ normal ” 
structure while Feist’s and the other labile acids 
which were later isolated have the conventional 
iinsatiirated stnicturo : 

HOaC CHiCH CHg COoH 

In 1931, McCombes, Packer and Thorpe (J.C.S- 
1931, 547; (•/. Hull, Fitzgerald, Packer and 
Thorpe, ibid. 1934, 1653) succeeded in resolving 
the stable form of ay-dimethylglutaconic acid ; 
thus showing that this acid has the ” un- 
snturated ” structure B, which contains the 
essential asymmetric carbon atom, absent in 
the “ normaL” structure A : 

COgH CMe CHLHl CMe COaH 

•' Normal.” 

A. 

COgH CHMe CH:CMe COaH 

“ IJnsatiiratcd.” 

11 . 

A reinvestigation of the whole subject was 
undertaken by Kon and collaborators, working 
in Tboriie’s laboratories at South Kensington 
(Kon and Nanji, ibid. 1931, 560; 1932, 2426, 
2557; Kon and Watson, ibid. 1932, 1, 2434; 
Gidvani, Kon and Wright, ibid., p. 1027 ; 
Gidvani and Kon, ibid., p. 2443). This fresh 
attack was much benefited by the experi- 
ence gained in the work on three-carbon tauto- 
merism which had been carried out at 8outh 
Kensington in the nineteen-twenties. It may 
now be concluded, as a result of these investi- 
gations, that the isomerism of the glutaconic 
acids and their derivatives is duo to the simul- 
taneous occurrence of throe- carbon tauLomerism 
and cis-trans isomerism. On this view it will be 
seen that an unsymmctrically substituted 
glutaconic acid can give rise to four isomers, 
e.gr. : 

R C COgH R C COoH 

II II 

HCCH,COjH HOjCCHjCH 

eis-ap. trans-ap. 

H C CHR COoH HOgC CHR C H 

II i 

HCCOaH HCCOaH 

cin-Py. tfUTU-Py. 


prepare all the four possible a- benzyl- j3- 
methylglutaconic estius and three out of the 
'bur possible corresponding acids. The absence 
of anomalous behaviour in glutaconic ac'id 
Icrivatives with no mobile hydrogen atom also 
receives an explanation, since such compounds 
will show only normal cis-trans isomerism, 
hree-earbon tautomerism being structurally 
mpoHsible in such compounds. Tlie following 
articles should be consulted for further im- 
brmation on this subject: Thorpe, ibid. 1931, 
(111; Kon, Annual Reports, 1932, 29, 140; 
.instead, .I.(\S. 1941, 457. 

it is evident that the tautomerism of gluta- 
.■onic acid itself 

COaH CH;CH CHa-COgH ^ 

COaH CHa CH:CH COgH) 

s not siiseeptiblc of study by ordinary means, 
i^evertheh'ss an estimate of the very high 
mobility of this ” crypto-tautomerie ” system 
has beim made by K\ ans, Ryder and Hriscoe 
(/.r.) by a study of the exchange reaction be- 
tween glutaconic and and deuterium oxide. 
These authors pciiiit out that the isomerisation 
takes place through a common mosotiicric ion : 

^ /->0]3o 

>C CH-CH- CH - 

Lo/ ^oj 

which IS a resonance' hybrid of the two possible 
canonical structures : 

.O© 

VC CH CH CH:C( 

oo^ 

and 

OQ .O 

>C.CH CH:CH C<" 

This common mesomcrie ion is, in fact, the 
modern successor of Thorpe’s “ normal ” 
formula. There can be little doubt that the 
resonance energy set free in the formation of 
this ion IS responsible tor the “ reversion to 
type ” which was another puzzling feature of 
the earlier work on the ehc'niistry of the gluta- 
eonie acids (cf. Ingold, Oliver and Thorpe, 
ibid. 1924, 125, 2128). 

H. N. R. 

GLUTAMIC ACID, a-Aminoglutaric 
Acid, COgH CHCNHalCHj CHjj COaH, was 
discovered by Ritthausen in 1866 (J. pr. Chem. 
1866, [i], 99, 6, 454) among the products of 
the hydrolysis of wheat gluten by sulphuric- 
acid, and hence called by him gluiaminic acid. 
Subsequently, Ritthausen and Krcusler {ibid. 
1871, [ii], 3, 214), Gorup-Besanez (Ber. 1877, 10, 
780), Schulze (Z. physiol. Chem. 1892, 9, 253) 
and Wroblewski (Ber. 1898, 31, 3218) showed 
that it was formed by the hydrolysis of other 
vegetable proteins ; and Hlasiwetz and Haber- 
mann pr..Chem. 1873, [ii], 7, 397), Panzer 
(Z. physiol. Chem. 1897, 24, 138), Abderhaldcn 
and Fuchs {ibid. 1908, 57, 339) isolated it from 
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the productH of hydrolysis of animal proteins. 
It has been found in blood (Abderhalden, ibid^ 
1913, 88, 478); in tomato ronBcrvc (Monti, 
Chem. Zentr. 1912, I, 501); in molasses (Stoli- 
zenbcrg, Ber. 1913, 46 , 557); in echinoderm 
(Edlbacker, Z physiol. (3.eni. 1915, 94. 2«4) ; 
in yeast (Meisenheinier, Chem. Zentr. 1915, II, 
1259); in certain brown seaMceds us an oeta- 
jM'ptide (Haas and Hill, Bioehem. d., 1931, 25. 
1472) ; and amoiif? the jiruducts of hydrolysis 
of crystalline insulin (Jensen and WintiTstciner, 
J. Biol. Chem. 1932, 97, 93), ol certain seaweeds 
(Schindelmeiser, B.P. 48 1898), of beef fibrin 
(Bodensky, J. Biol. Chem. J93(J, 115, 101) and 
of the jirotein of silk-worm chrysalis (Pun and 
Sun, (’hem. Ind. ('hina, 1930, 11, Mo. 2, 1). 
For the glutamic acid content of various proteins, 
sec Jones and Moeller (.1. Biol. Chem. 1928, 79. 
429), also Fiirth (Sciciitia Pliann. 1934, 5, 21). 
f/-Glutamio acid is lormeil from Miistidine by 
the action of liver histidase (Abderhalden and 
Hanson, Fermentforsch. 1937, 15, 274), and 
probably from proline in kidney (Weil -Malherbe 
and Krebs, Bioehem. J. 1935, 29, 2077). 

Glutamic acid is ordinarily prepared and 
manufactured by hydrolysis of casein or molasses 
and of vegetable proteins such as ghit(‘n, usually 
with hydrochloric acid or sulphuric acid (U.S.P. 

J 928840), but alkali (3-7% as sodium hvdroxidc) 
has been used (B.P. 385054; IJ.fS.P. 1947563). 
In the literature there arc many descriptions and 
numerous patents for the use of hydroehlone 
acid for this hydrolysis, most of them diflenng 
only in details such as the concentration ol the 
arid, the time and temjierature of heating, the 
use or oimssion of ])reliminary digestion, etc. 
The effects oi' these variables on the yield from 
soya-bean protein have been studied systematie- 
ally by Tseng and Chu (Sci. Quart. Mat. Univ. 
Peking, 1932, 3, 53; A. 1933, 814) and by 
Kokusho, Tanaka and 8aito (J. Agric. Chem. 
Soc. Japan, 1937, 13, 916). Bartow describes 
an autoclave for the hydrolysis of gluten or 
molasses in which tlic reaction can bo conducted 
under pressure (Chem. Zentr. 1936, 11, 246). 
The addition of ferric chloride, tin, nickel, lead 
or copper as cataly^sts to assist hydrolysis ol 
gluten is recommended by Cheng and Adolph 
(J. Chinese Chem. Soc. 1034, 2, 221); small 
amounts of nitric acid or manganese dioxide 
have also been specified (C.S.P. 1890590). 
Kumagai suggests the use of chlorine water con- 
taining 1% magnesium chloride in place of 
hydrochloric acid (C.S.P. 2050491). A pre- 
liminary separation of zeiii by aqueous-alcoholic 
extraction of gluten press- cakes, folio w’ed by 
precipitation with water, has been suggested 
(U.S.P. 1992804). For reviews covering the 
preparation of glutamic acid by the hydrolysis 
of gluten, see Tseng and Hu (J. Chinese Chem. 
Soc., 1935, 8, 164) and Sato and Tsuchiya (J, 
Taihoku Soc. Agric. Forestry, 1936, 1, 79). | 
The product obtained in these preparations is ' 
usually freed from the salts of betaine, and the 
alkali metals (B.P. 265831 ; U.S.P. 1928840), 
by adding HCI and concentrating below 60°, 
the impurities are separated, and the mother 
liquor heated to 80° when glutamic acid hydro- 
chloride crystallises on cooling. The free acid 
can be recovered from the hydrochloride by care- 


ful neutralisation with alkali (carbonate or 
hydroxide), or, if racemisation is to be avoided, 
by aniline (King, Organic Syntheses Coll., Vol. I. 
281) or N-alkylglyeines, e,g. sarcosine or 
betaine (U.S.P. 1976097). Kutscher (Z. physiol, 
('hem. 1899, 28 , 123) isolated glutamic acid from 
the products of hydrolysis of casein by sul- 
phuric acid, by precipitating the larger part of 
the organic bases with phosphotungstic acid, 
and removing the excess of sulphuric acid and 
phosphotungstic acid from the filtrate by means 
of barium hydroxide ; the leucine and tyrosine 
crystallised out of the filtrate, and from the 
mother liquor the aspartic and glutamic acids 
were separated through their copper salts, that 
of glutamic acid being more soUible. Glutamic 
acid may ho prepared from its hydrochloride by 
passing ammonia through the solution an^ 
evaporating to dryness ; the greater part of tlib 
acid may be separated by fractional crystalhsaL 
tion and the remainder precipitated by alcohol 
(Abderhalden, Z. physiol. Chem. 1912, 77 , 75)1 
Andrlfk (Z. Zuckeiiiid. Bohm. 1915, 39, 387) \ 
obtained the acid from aqueous solut ion by ' 
moans ol tartaric, sulphuric or phosphoric acid. 
Siegfried and Schutt (Z. physiol. Chem. 1912, 
81, 261) jircpared the acid by way of the in- 
solubles normal barium salt, for the upjdica- 
tion of electro-osmosis to the separation of 
glutamic acid, see Ikeda and Suzuki (U.S.P. 
1015891); SchccrinosacT (Tharm, Ztg. 1915, 60, 
487); Corti (J.S.C.l. 1917, 36, 979; B.P. 
106081); U.S.P. 1986920 and G.P. 652765. 

The identification of glutamic acid is possible 
by the jirefiaration ol the 3;5-diriiirobcnzoyl 
derivative (Saunders, Bioehem. J. 1934, 28 , 580) 
or by oxidative deamination with surviving 
guinea-pig kidney sections into a-kctogliitane 
acid, which is isolated and identified as the 2:4- 
dinitrophenylhydrazone (Edlbachcr and Ncbcr, 
Z. physiol. Chem. 1934, 224 , 261). Glutamic 
acid and other acyclic amino-aeids neutralised 
with sodium carbonate, give a deep red colour 
when added to uric acid which has been heated 
with nitric acid (Arreguine, Semana med. 
Buenos Aires, 1930, 37, 1074; Amer. (3it‘m. 
Ahslr. 1930, 24 , 3488). l''or its quantitative 
estimation in the products of protein hydrolysis, 
see Foreman (Bioehem. J. 1914, 8, 465), and for 
the determination by formol titration using 
litmus paper as indicator, see Buogo (Annah 
Chim. Appl. 1934, 24 , 79). For the determina- 
tion by poLentiometric titration, see Balson, 
Earwieker and Lawson (Bioehem. J. 1935, 29 , 
2700). Although the structure given at the 
head of this article explains the chemical 
behaviour of glutamic arid, there is evidence 
that in solution it exists in a Zwitterion form ; 

O-C-OHt 

I 

H— C— NH 

I 

for example, the exchange reaction with HDO 
(Ogawa, Bull. Chem. Soc. Japan, 1936, 11, 367) 
and the formation and behaviour of complexes 
with iron (Smythe and Schmidt, J. Biol. Chem. 
1930, 88, 241). For the activity cocfficlonts in 
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aqueous solution, see Hoskins, Randall and 
8chmidt {ibid. 1930, 88 , 2lb ; cf. Miyamoto and 
Schmidt, ibtd. 1931, 90 , 165) ; for the dielectric 
constant in aqueous solution, see Devoto 
(Gazzetta, 1932, 61, 897) ; and for the infra-red 
absorption spectrum, see Heintz (Arch. phys. 
biol. 1937, 14, 131). Glutamic acid is asym- 
metric and exists in d-, I- and dl- forms. Lutz 
and Jirgensons (Ber. 1930, 63 [B], 44H) describe 
a graphical method of assigning optically active 
a-amino-acids to the d- or Z-seriea. The rotatory 
power of the optically active forms is a function 
of the Ph solution (Vellinger, Compt. 

rend. 1932, 194,718). 

d-Glutamic Acid, the naturally occurring 
compound, crystallises from aqueous alcohol 
in the rhombic system, ai6:c=0 G8G8;l:O-8548 
(Oebbeke, Ber. 1884, 17 , 1725) ; m.p. 208° (213° 
corr.) decomp. (Fischer, ibid. 1889, 32, 2451); 
224-225° (corr.) decamp. (Abdcrhaldon, Z. 
physiol. Ghem. 1910, 64 , 540) ; 211“ when heated 
rapidly (Skola, Z. Zuckerind. Czochoslov. 1920, 
44 , 347); decomposes at 247-249“ (Dunn and 
Brophy, J. Biol. Chem. 1932, 99, 221). The 
crystals exhibit piezo-electric phenomena. It 
is sparingly soluble in water (0-88 g. in 100 g. at 
25“) but the solubility is raised in the presence 
of alkali and alkaline earth salts (Pfeiffer, Ber. 
1915, 48 , 1938) ; it is insoluble in methyl or ethyl 
alcohol (less than 0 007 g. in 100 g. at 25“), eth(‘r 
and acetone and practically insoluble in cold 
glacial acetic acid (Pertzofl’, .1. Biol. Chem. 1933, 
100 , 97). For the solubility in watcr-alcohol 
mixtures at various temperatures, see Dunn 
and Ross {ibid. 1938, 125 , 309). The heat of 
combustion is 9GG kg. -cal. and the heat of 
solution in water is 9,600 g.-cal. (Pcrtzofl', l.r.). 
For the free energy, (crystalline) — 170,7()0 

g.-eal. and the values of A fl find AS, see Borsook 
and Hutfmann, ibid. 1933, 99, GG3 ; J. Amer. 
Chem. Soc. 1932, 54 , 4297 ; HufFmann, Kllis 
and Fox, ibid. 1936, 58 , 1728. The dissociation 
<-()nsLants of gliiiaraie acid are A''„ 5-62 x 10"® and 
2*19 X 10-^®, K'lf 1*55 X 10-^*® (Kirk and Schmidt, 
J. Biol. Chem. 1929, 81 , 237 ; Hams, ibid. 1929, 
84 , 179); see Schmidt, Kirk and Appleman 
{ibid. 1930, 88 , 285) for the values at 0“, and 
also Neuberger (Biochem. J. 193G, 30 , 2085); 
Wilson and Caiman (J. Biol. Chem. 1937, 119 , 
309). In aqueous solution [a]®^ -f 12*04“, and 
[tt]o + 11-0° ; in 10% aqueous hydrochloric acid 
+34*9°. Increasing amounts of strong 
acid cause a continuous increase in the specific 
rotation, which tends towards a maximum. 
The addition of bases first changes the dextro- 
into laj VO -rotation, which attains its highest 
numerical value with the formation of the acid 
salt, further quantities of base convert the 
Itevo-rotalion again to a dextro-rotatioii. With 
lead hydroxide, no change in sign of the rotation 
takes place (Andrllk, Z. Ver. Rubenzuck.-Ind. 
Bohm, 1903, 948 ; see also Pellet, Chem. Zentr. 
1911, I, 1766). When an aqueous solution of d- 
glutamic acid is boiled, an equilibrium is set up 
between the d-glutamic acid and its dehydration 
product l-p3nTolidone-2-carboxylic acid, the 
position of equilibrium depending on the p^. 
In solutions near neutrality, dehydration is 
favoured but slow at 100° ; in solutions greater 
VoL. VI.— 3 


than 2M with respect to hydrochloric acid or 
0-5 Jf to sodium hydroxide reconversion to 
glutamic acid occurs (Skula, Z. Zuckerind. 
Czcchoslov. 1920, 44 , 347; Foreman, Biochem. 
J. 1914, 8 , 492 ; Fischer and Boehner, Ber. 1911, 
44 , 1332 ; and for the equilibrium eonstaiits at 
various pu values, see Wilson and Cannan, l.c.). 
The optical properties of the equilibrium solutions 
at various values indicate that the first stage 
in the dehydration is the formation of nn internal 
salt (Okinaka, A. 1928, 435). Stanok (Z. Zueker- 
ind. Bbhm. 1912, 37, 1) tui heating the aqueous 
solution above 200“, obtained rf/-pyrrolidone- 
earboxyhe acid, below that teiiqjcrjituro the 
lacvo-rotatory form is the chief product. 

A solution of d-glutamic acid (1:22,000) gives 
a characteristic colour reaction with tiikctn- 
hydrindene (Abderhalden and Nchmidt, Z. 
physiol. Chem. 1913, 85, 143). 

When glutamic acid is administered as a food, 
96% is absorbed, a portion being used in protein 
synthesis and the rest oxidised to urea (Andrllk 
and Vclich, Z. Zuc kerind. Bohm. 1908, 32. 313 ; 
Butts, Blunden and Dunn, J. Biol. Chem. 1937, 
119, 247). Its administration to phloridzinised 
dogs Icacls to increased elimination of d-glucoso 
in the urine (Warkalla, Beitr. Phys. 1914, 1, 91) 
and in normal animals increases the excretion 
of urea and sulphate (Stekol and Sehmidt, Univ. 
(>alifornia Pub. Physiol. 1933, 8 , 31 ; A. 1934, 
440). Glutamic acid shows little toxicity (Sulli- 
van, Hess and Scbrell, U.S. Publ. Health Kepts. 
1932, 47 , 75) and is used in foods in the form 
of the sodium salt which has a strong meat- 
like flavour (sec B.P. 269576). In uilro it is 
hajmotoxic to the blood corpuscles of warm- 
blooded animals (Sulmann, Z. Immunitktsforsch. 
1932, 74 , 45), but its copper, iron, maiiganoso 
and magnesium salts are effective in ])roventing 
anaemia in rats (Brand and Stuciky, l*roc. Soe, 
Exp. Biol. Med. 1934, 31, 627. 689, 739). For 
its effect on hojmoglobin production, see also 
Drabkin and Miller (d. Biol. Chem. 1931, 90 , 
531); and for its hyjicrglycteniic action, see 
Nord (Acta mcd. scand. 1926, 65, 1, 61). 

For its katabolisin m the animal organism, 
see Ringer cf al. (J. Biol. Chem, 1913, 14, 541) 
and also the series of papers dealing with the 
intcrmolecular transfer of amino-groups be- 
tween glutamic and pyruvic acids by Braun - 
stein and Kntzmann (Biochimia, 1937, 2, 242, 
859; Eiizymologia, 1937, 2, Pt. HI, 129; 
Nature, 1937. 40, 503) and by Von Euler, Adler, 
Das cf al. (Z. physiol. Chem. 1938, 254, 61 ; 
Arkiv Kcmi, Min., Geol. 1938, 12B, No. 40). For 
the biological dehydrogenation, see idem.., Compt. 
rend. Trav. Lab. Carls berg, 1938, 22, 15 ; 1938, 
A HI, 438 ; and for the oxidation of its 
phenyl derivatives in the animal body, see Von 
Beznak, Biochem. Z. 1929, 205, 420 ; Oesterlin, 
ibid. 1929, 215, 203. 

Fermentation of glutamic acid by members 
of the genus Clostridium which are widely dis- 
tributed in soil, gives rise to n-butyric and acetic 
acids, carbon dioxide, ammonia and hydrogen 
(Barker, J. Bact. 1938, 36, 322). Under the in- 
fluence of strictly anserobic spore-forming 
bacteriatfrom soil the fermentation leads to the 
formation of acetic and propionic acids {idem., 
Enzymologia, 1937, 2, 175, r/. Brasch and 
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Ncuhrrg, Liorhem. Z. 1908,13,299). Alcoholic 
fermentation gives methyl alcohol (l^oncini, 
Boll. iht. super, agrar, I'isa, J9IJ4, 10, 418). 
J)c3farhoxylatif)ri hy e(‘i*lain (legume) bacteria 
yiehia y-.'imiii(jbiit> rn* acid and carimn dioxide 
(Viitancn, liiidalaund Lame, Is’atiire, 1938, 142, 
074 ; Ar keririanii, Z. physiol. Cliein. 1910, 69, 
273 ; Alwierhalden, ibid. 1913, 85, 131). Certain 
baciUj cauHO the lorniation of a polyjieptide from 
glutamic* acid (Ivanovics, Z(*ntr. Bakt. 1938, J, 
142, 52). Lor the con version to gliitaniiru! by 
enzyincH, fire Krebs (Bioihern. J. 19.‘1G, 29, 1951). 
(jlutainic acid bn'aks do\Mi under the action of 
sunlight to propaldi'hyde, ammonia and carbon 
dioxide, CHjH-ciaJly in tlui prcsiincc of seiiHitiHcrs 
HU( li as aluminium, titanium and zinc oxides 
(Canas.sini, Ciorn. Lann. ('linn. 1912, 81. 220; 
ItiM) and Dliar, d. Jiidian Cliem. 8oc. 1934, 11, 
017). 1 Association of tin* carboxyl groups occurs 

on absorption of iiltra-violcd light (Anslow, Phya. 
Bcv. 1932, 40, Ilf)). Oxidation of glutamic 
a(!id with hot sodium diebromate or potassium 
jUTinaiiganale in sulphuric acid, or with hydro- 
gen peroxide, yields succ inic acid (Dakin, .). Biol, 
('hem. 1909, 5, 409 , Cliu and Tseng, .1. Chinese 
Chem. iSoe. 1933, 1. 40). The action of sodium 
hvpohromite in alkabiie solutions gives gliitar- 
inouoaldehydc ; in neutral solid ion the pro- 
duct is ^-cyanopropioiuc acid (Priedman and 
MorguliH, ,1. Aimir. Chcin. »Soc. 1930, 58, 909). 
El(‘ctiolytic oxidation in dilute sulphuric acid 
yicMs succinic and succ.inamic acids, succinimide 
and further lircakdovva jiroducts (Takayama, 
J. (!hcrri. (S(h;. Jajiaii, 1931, 52, Jr»5; Bull. 
Chcin. Noe. dapaii, 1933, 8, 125), The direct 
oxidation of glutamii; arid with oxygen is 
catalysed liy adrenaline, jiyrocatechol and 
related compounds with the intiTincdiate for- 
mation of glyoxylii: aiid and finally ammonia, 
formaldehyde and carbon dioxide (Barren- 
sehcen anil Danzci, Z, physiol Chem. 1933, 220, 
57). In the pri'sence of charcoal this oxidation 
leads to the foimation of urea (Arid, Bioclicm. Z. 
1930, 226, 233). For the oxidation with silver 
oxide, .sYc Kerbst and (3arkc (J. Biol. Chem. 
1934, 104, 7119). 

AV'lien treated with nitrous acid glutamic acid 
yields a-hydroxyglntaric acid (glutaiiic acid, 
q.v.) (Ilittliauscn, J. pr. Chem, 1868, [i], 103, 
239). Natural c/-glutamic acid is converted b}-^ 
nitrous acid into /-a-li^droxyglutanc acid, and 
by nitrosyl chloride or hydrochloric acid and 
nitrous acid into 1-a-chloroghitarie acid, which 
in turn yields f7-a-hydroxyglutarie acid (Fischer 
and Morcflchi, Bcr. 1912, 45, 2447). 

For electrolytic diazotisation of the acid, see 
Krauss (J. Aiuer. Chem. ISoc. 1917, 39, 1427). 

d-Glutamic acid forms normal and acid 
salts, the latter being the more common. Of 
these the sodium^ C^HgO^NNa; potassivm 
C6Hfj04NK ; calcium, (CBHg04N)nCa ; barium, 
(C6HB04N)2Ba; lead, (CBH804N)aPb salts, 
prepared by neutralisation or double decomposi- 
tion ill aqueous solution, are cr^stallino and 
hygroscopic. The glutamates of general formula 
C6He04NM'i are readily soluble in water and 
have a characteristic mcat-hke flavour. The 
manufacture and consumption of th^ sodium 
salt are general in China and Japan (ikeda, Orig. 
Com. 8th Intern. Cong, Appl. Chem. 1912, 18, , 


147 ; Tseng arid Chii, Acad. Sin. Mem. Nat. Res. 
Inst. Chem. 1931, No. 5, 1; Ban, Ind. Eng. 
(3iem. 1929, 21, 984). The disodium salt can 
he prepared bj'^ adding the acid dissolved in 
liquid ammonia to sodiuin in liquid ammonia 
until the blue colour disa])pcars (Voss and 
Guttinann, Bcr. 1930, 63 [BJ, 1726). For its 
Raman spectrum, see .1. Chem. Phys. 1937, 5, 
508. The acid sodium salt is converted to 
Hodiuni pyrrolidonccar boxy late on heating to 
150-160'^ (Tseng and (Jhii, Sci. Quart. Pekin, 
1932, 3, I) and the calcium salt cyclises at 180- 
185' (AlxlcThaldcn, Z. physiol. Chem. 1910, 64, 
447); it is precipitated quantitatively from 
aqueous solution if sufficiently concentrated 
(Foreman, Biochem. tl. 1914, 8, 479). For 
soluliility ilata of the dibasic cah'ium salt, see 
Takayama (.1. Soc*. (Jlii'm. Ind. Jajian, 1930, 33, 
Suppl. binding, 91). The normal barium salt 
jH almost insoluble in water (Siegfried and 
Sc'hutt, Z. physiol. Chem. 1912, 81, 261). If 
tlie hydroeldoncle, hydiobromirle or bydnodidc 
of gliitaiiiio arid be boiled in acpieous solution 
w ith fic'shlj’* precipital eel calcium or barium car- 
bonate, the filLralc on concentration deposit w'cll 
formed crN stals of a salt of the type 

Ba BaCla.j HaO. 

The eoiTesjionding stronlium compounds are 
obtained by cr^'sl allising the gliitamate W'ith 
excess lialidc (Anslow and King, Biochem. »I. 
1927, 21, 1J68). Ji'or the transference numbers 
and condiJftivihcN of the sodiuin, calcium and 
barium salts, .see Miyamolo and Schniidt (J. Biol. 
(Jbein. 1933, 99, 335; aho l iiiv. Calif. Pub. 
Physiol. 1932, 8, 9). Tlie noimal ammonium 
salt, (NH 4 ) 2 Cj,H 704 N, loses NHy at 110-115", 
and forms the and salt (NH,)C,H,0,N; Mn 
about — 3 ()" (Schulze and Trii'.r, Bcr, 1912, 45, 
257). Evapoiation of d-ghitaniic acid with 
aiiiicous ammonia causers decomposition of the 
ammonium salt but with ammonium chloride 
the acid salt is formed (Tseng and Chu, Sci. 
Rep. Nat. Ciiiv. Peking, 1936, 1, No. 4, 17), 
which is also obtained by dissolving the acid in 
liquid ammonia (Voss ami Guttmaiin, /.c.). 

The blue copper derivative, 

(CBH«04N)B*4Cu0,7iH20, 

i.s crystallino ; zinc and cadmium salts and 
cobalt and nickel derivatives have been prepared 
(Hugounenq and Florence, Bull. Soc. chim. 
1920, |iv], 27, 750). Wolff described an amor- 
phous greenish- blue copper salt as 

CbH704NCu,1H20, 

wdiicli dissolves in 400 parts of boiling water 
(Annalcn, 1890, 260, 79) ; Pfeifl'er and Werner 
formulate the copper salt 

[Cu(CbH,04N)21Cu,H20 

since it reacts with sodium hj^droxidc precipi- 
tating copper hydroxide and forming a bluish- 
violet solution which contains a substance 
precipitated by alcohol and having the required 
Cu:N ratio (Z. physiol. Chem. 1937, 246, 
212). For an asymmetric synthesis of optically 
active cobalt complexes with the formula 
[Co(CBH, 04 N) 3 ]Na 3 , see Lifschitz Proc. 
Acad. Sci. Amsterdam, 1036, 39, 1192). Two 
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forms of this complex, each having d- and l- 
1‘orinfl, have been described; ohe is red with 
insoluble silver and lead salts, the other violet 
with salts soluble in boihng water. The silver 
salts, C6H704NAg2 and C5Hg04NAg, arc 
white insoluble powders ; the JfrTous salt is 
obtained when glutamic acid is boiled with an 
excess of iron powder in an oxygen-freo atmo- 
sphere (Hoffmann, G.P. 204300); the zivc salt 
is basic (C5Hy04N)2Zn Zn0 ; the mercuric 
salt a heavy crystalline powder decomposing 
at 208-209*^ (Uabermann, Annalen, 1871, 179, 
248; Abderhaldcn and Kautzsch, Z. jibysiol. 
Cbcm. 1010, 64, 447; 68, 487; 1012, 78, 333). 
The hydrochloride has m.p. 202"", or healed 
rapidly, m.p. 213'’ (Abderhaldcn, Z. physiol. 
Ohem. 1010, 64. 4/50); wdien precipitated from 
hydrochloric acid solution it contains 2 mol. 
H^O (Wei and King, Science, China, 1030, 19, 
354). It has [aJjJ* +25“ (Abderhaldcn, l.c.) ; 
or 24-5“ (Fischer and Boehner, Ber. 1011, 44, 
1334). For crystallograiihy of the hydro- 
chloride, see Kaplanova (Abh. Bohm. Akad. 
1915, No. 23, from Jahrb. Min. 1017, 1, 123), 
and for the Baman spectrum, see Edsall (J. 
CIk'iii. Physics, 1037, 5, 508). Data are given 
by Talvayania for its identification with the 
jiolariaing microscope (J. Chem. Soc. .lapan, 
1031, 52, 245). d-Glutarnic acid picrolonate has 
+H5“ (Leveno and Van Slyke, J. Biol, 
cniein. 1012, 12, 127). The strychnine salt has 
m.p. 225-230“, — 25-5°; the brucine salt 

has m.p. 240“, [aj'^ —23° (Dakin, Biochem. ,1. 
1010, 13, 398). h'or the imido-orthophosphoric 
ester, C-Hi407NP, of glutamic acid, see Lang- 
held (Ber. 1011, 44, 2070). The a-cthyl ester 
has m p. 110° (Neuberger, Biochem. d. 10,3C, 
30, 2085) ; the y-elhyl ester forma prisms from 
50% alcohol, m.p. 104° (188° IMcnozzi and 

Ajipiani, Gazzetta, 1804, i, 24, 384), hydrochloride 
m.p, 134°. The diethyl ester is an oil with b.p, 
139-140°/10 mm., d^^ L0737 and [a]^^ 4 7 34° 
(Piacher, Sitzungsber, Akad. Wiss. Berlin, 1000, 
48, 1002), and is very soluble in water. For the 
ilisHOciation constants of the ethyl eaters, see 
Neuberger {l.c ). 

Glutamic acid forms a aoliiblc benzene sul- 
phonyl derivatwe, 

PhS02 NH CH(C02H)CHa CHg COaH, 

m p. 120-132°, which can easily be methylated to 
N-benzenefauli)hoiiylmethylglutamic acid, m.p. 
138-130°, or csterified to the di-n-butyl ester, 
m.p. 58-50° (Hcdin, Ber. 1890, 23, 3196 ; Guriii 
J. Amer. Chem. Soc. 1036, 58, 2140 ; see also Z 
physiol. Chem. 1037, 250, 189). The p-toluene 
sulphonyl derivative is an oil but gives a di-w. 
butyl ester, m.x). 64—65°, and a meth3dated 
derivative, m.p. 131-132° (MoCbesney and 
Swann, jun. J. Amer. Chem. Soc. 1937, 69, 1116) 
Glutamic-fi-sulphonic acid ia obtained by the 
action of N-pyridiniurn aulphonic acid; itf 
potaaaium salt cryatallises with acetic acid ■ 
2C5H507NSK3,CH3 C02H and forma doubt 
salts wdth acid potassium glutamate, 

(Baumgarten, Marggraff and Dammann, Z, 


shysiol. Chem. 1932, 209, 145). AcetyUd- 
^lutamic acid, m.p. 199°, is forme ! when keteno 
s passed into an aqueous solution of d-glutamio 
acid (Bcrgmann and Stern, Ber. 1030, 63 fBJ, 
37) ; or Irorn the sodium salt and acetic an- 
i^^dride (Nicolet, J. Amer. Chem. Soc. 1030, 52, 
102), but the sodium salt of acctylglutamic 
.cid is readily racemisetl in aqueous solution by 
,cetic anhydride (Du Vigueaud and Meyer, J. 
iliol. Chem. 1032, 98, 205). The acetyl dern a- 
ive readily gives, with methyl sulphate, acetyl - 
methyhjlutamic acid, decoiiq). 203° (Knoop and 
Oestcrlin, Z. phy^sioh Chem. 1027, 170, 186). 
Chloracelyl-d-glutam ic acid, 

CH^CI CO NH CH(C02H)CH3 CHa COgH, 

n.p. 143° (eorr.), f a]^ —1 3-5° ( + 0-2°) in aqueous 
lolution; with ammonia it jdclds glycyl-d- 
-jlutamic acid, 

NHa-CH.^ CO NH CH(C02H)CH2 CHa-COaH 

Fiseher, Ber. 1007, 40, 3704; Kischer, Kropp 
ind Stahl.si'hmidt, Anniilni, 1000, 365, 181). 
rhenylacctylglutamic acid, C^^Hj^OgN, micro- 
topic needles, has m.p. 1 32°, [a - 1 0“ m 3-10 
iqvicous solution ; the brucine salt has [a|y 
— 1-37° (3'hierlcldcr, Shcrw'in, Z. physiol. (Micin. 
1015, 94, 1; Ber. 1015, 47, 2636). o-Nilro- 
benzoylf/lulamic acid, m.p. 151°, is formed from 
the hydroihloriilc and o-nitro benzoyl chloride 
in the jircsc nce of magnesium oxide. The for- 
mation of N-carboxygl utamic aeid in sugar solu- 
tions containing glutamic acid and carbon 
dioxide is siigg(“stcd by Majer( lusty (hikrovar, 
1928, 47, 123 ‘; Amer. Chem. Abslr. 1020, 23, 728). 
For the half anilide of glutamic acid, m.p. 200° 
(decomp ), sec Voss and Guttnuinn (Z. iibysiol. 
(.3icm. 1032, 204, 1); for the synthesis of N- 
alkyl derivatives, sec Sngasawa (.1. Pharm. Soc. 
Japan, 1927, No. 550, 1041); and for y-phenyl- 
glutamic acid, see von Bezndk (Ihochem. Z. 1929, 
205, 414). Numerous di- and poly peptides 
have been synthesised from glutamic acid and 
the original literature should he consulted for 
descriptions of these substancoH. 

(//-Glutamic Acid is obtained in 60-65% 
yield from the f/-acid or its acid sodium salt by 
heating with solid ammonium chloride at 230- 
235° for an liour and then refluxing for 5 hours 
with OA-hydrochlonc acid. Anh^'drous dl- 
glutamio acid and the monohydrate were ob- 
tained in this way by Dunn and Stoddard (J. 
Biol. Chem. 1937, 121, 521). A slightly better 
yield (71%) is obtained by heating the d-acid 
with barium hydroxide in aqueous solution for 
9 hours at 160-170°, Sodium carbonate, bi- 
carbonate and hydroxide and calcium hydroxide 
do not cause racemisation (Tseng and Chu, J. 
Chinese Chem. Soc. 103.3, 1, 188; Schulze and 
Bosshard, Ber. 1885, 18, 388 ; Schulze, Z. 
physiol. Chem. 1892, 9, 253). Syntheses of d/- 
glutamic acid have been carried out by Wolff 
(Annalen, 1890, 260, 79), by Knoop and 
Oesterlin (Z. physiol. Chem. r927. 170, 186), 
and by Dunn, Smart, Redemann and Brown 
(J. Biol. Chem. 1031, 94, 599). Wolff started 
with laev^lic acid and by boiling dibromoloevulic 
acid with water, obtained glyoxylpropionic acid, 
OHC CO CHj CHj COgH, which reacts with 
hydroxy lamine to form yS-diwonitrosovaleric 
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aoid, CH(;NOH)C(:NOH)CH2CHaCOjH, 

from winch i^omtioHocyanobiitync acid, 

CN C(:NOH) CH^ CHj COgH 

iH obtained by dehydration with Hulphiirn* acid 
and HubMC((ii(Mit treatment with cold aodium 
hydroxide. \Vh(‘n roHoryanohiityTir acid 

is hydrolywed witli boiling alkuli. it vielrla iso- 
I lit roHoglu tune acid, 

CO,H C(;NOH) CH^ CH.^ COgH, 

and IIiiM iH reduced to inactive glutamic acid by 
till and hydrochloric; ncid. Knoo]) and Oestcr- 
Iiii’h method conKisted in the reduction of a- 
ketoglutaric! aiad in the proHonco of ammonia; 
cf. •Shernin and Herb.st, .1. Amer. Chem. Soc. 
1938, 60. 195t, The third HyntheaiH atarted 
from the /wnitro.Mo-dcrivative of inalonic cater, 
c'thyl oximinomalonate, HON.C (COjEtlg. On 
reduction with aluminium amalgam, tliia givea 
lithyl aminomaloniite which waa beiizoylated 
ami tlnui condeiiHod with )3-bromoj)roj»ionic acid 
to ethyl a bcnzamidoprojian(‘-atty-lricaid»oxyl- 
ate, 

C^HfiCO NH C(C0.^E1)2CH2 CH^ COj^Et. 

This ester, on liydrolysis, gives d/ glutaniK* acid 
which forms rhombic' ]ilates from water, m.p. 
199 ’ (l)unii. Smart et nL, i.r., show photomicro- 
graphs of (I- and d/-glutamic acids) ; Dunn 
and Jlrophy give the in.p. as 22r) 227' (J. Jhol. 
Chein. 1932, 99, 221), It is soluble in hot watc'r 
and Htiaringly soluble in cold water (1 part in 
(i(i-7 parts at 20'), also sparingly in nlc'obol, 
ethcM-, light petroleum and carbon disulphide. 
The flavours of the so({iu)n, potassium^ lithium, 
calcium, barium, utroulium, magnesiinn, methyl 
amnioniuiu (m.p. 75'^; hydrochloride, m p. 

108“ 109'), and flimelhylainwoniutn (hydro- 
chloride, m.p. 178-5'’) salts Imvcj been described 
(Tseng and Clin, l.c.). Tim potassium and 
methylammoniuin salts are hygroscopic*. The 
copper salt, C;,H 704 NCu, 2 ^ 1120 , forms blue 
lUH'dles, bec’omes anhydrous at 135'’ and is not 
soluble in less than 1,0(M) parts of boibng water. 
A number of derivatives have been reported: 
the hydrochloride crystallises in needU's, m.p. 
193° (Wolff), 200° (Abderhalden and Kautsch, 
Z. physiol. (Uiera. 1910, 68, 487), and is crN'stallo- 
grapliically identical with the hydrochloride of 
the d-aeid, a:5:c-0-8873:I:0-3805 (Wolff, Lc.); 
the acid sulphate, m.p. 164-0° ; picrolonate, fine 
short spindles, decomposing at 184° (Levene and 
van Slyke, J. Biol. Chem. 1912, 12, 127); the 
N-chlora4;etyl derivative has m.p. 123°, formyl, 
m.p. 181-7°; acetyl, m.p. JH7-5°; jiropiouyl, 
m.p. 173-1° ; n-buiyryl, m.p. 179° ; and i so cafcryl, 
m.p. 180 6°. The hydrochloride of the ethyl 
ester has m.p. 113 1° (Tseng and Chu, Lc.). 
dl- Benzoyl-glutamic acid crystallises with 1 HgO, 
m.p. 152-153° (155-157° corr.), and isr soluble in 
124 parts of water at 20° (Fischer, Ber. 1899, 
32, 2451). 

When d/-glutamic acid is crystallised from 
water, right- and left-handed enantiomorphous 
crystals are deposited, but the fact cannot con- 
veniently be utilised for resolution ancj the pre- 
paration of the /-isomcride ; this was, however, 
effected by the cultivation of Penicillium glaucum 
in a solution of the (ff-acid, whereby the d-acid 


is destroyed and the Z-acid remains in solution 
(Menozzi and Appiani, (iazzetta, 1894, i, 24, 
370). Fischer (B<;r. 1899, 32, 2451) resolved 
d/-glutamic acid by the fractional crystallisation 
of the strychnine salt. The optical resolution is 
best carricMl out by converting dZ-glutamic acid 
to d/-pyrrolidonecarboxylic acid by heating to 
tlie ineltiiig-point and resolving the latter acid 
by heating with an eriuiraolccular portion of 
cpiinine in thci presence of water. The quinine 
salts are easily seiiarated by successive treat- 
ment with alkali, acid and absolute alcohol. 
The mother liquor, after sejiaration of the d-acid, 
is concentrated in vacuo, filtered, hydrolysed 
with normal sodium hydroxide, neutralised and 
dried in vacuo. Extracljon with alcohol and 
evaporation give the Z-pyrrolidonecarboxylic 
acid. Recovery of d-glutamic acid from the 
Z-pyrrolidonecarboxylic acid and Z-glutamic acid 
from the d-pyrroliflonccarboxylic acid is readily 
effected by heating with 15% hydrochloric acid 
(Siigasawa, ,1. Pharm. Soc. .Japan, 1926, No. 537, 
934). 

[-(Uviamic Acid is usually obtained by resolu- 
tion of d/-glutamic acid (c. supra) but it may be 
obtained by the cultivation of certain baeilli, 
e.g. H. 7nesentericus, on d-glutamic acid thereby 
forming a polypeptide-like substance the diffi- 
cidtly soluble copper salt of which is hydrolysed 
by hydrochloric acid to Z-glutamic acid (Bruck- 
ner and Ivdnovics, Z. physiol. Chem. 1937, 247, 
281). A theoretical yield of Z-glutamie acid is 
given on hydrolysis with hydrochloric acid of the 
purified capsular substance of anthrax bacillus 
{idem. Z. Immunitatsforsch. 1938, 93, 119). 

Z-GJutamic acid forms leaflets from water, 
m.p. 213°, with decomposition (rapid heating). 
It is tasteless and has [afiJ — 12-9° in water, 
'fhe crystal structure has been studied by 
Bernal (Z. Krist. 1931, 78, 363, in English). 
\-Gluiamic acid hydrochloride has m.p. 200-204° 
and (a]“|5 —30 06°, Data are given by Takayama 
(J. Clicm. Soc. .Japan, 1931, 62, 245) for its 
micTo-identirication with the polarising micro- 
scope. Benzoyl -\-glutamic acid has m.p. 130- 
132°, dissolves in less than 2 parts of water at 
100°, or 21 parts at 20°, and has 4 13-81° 
in 5% aqueous solution, and the potassium salt 
has [a]p —18-7°; it yields Z-glutamic acid on 
hydrolysis and by the Curtius degradation gives 
Z-benzamido-1 :3-diaminopropane hydrochloride, 
m.p. 158“ (picrate.m.p. 100°), which is hydrolysed 
to )9-aminopropaldchyde {dimedone derivative, 
m.p. 208-209°), (Bergmann, Zervas and 
Schneider, .1. Biol. Chem. 1936, 113, 341). 

j3-Hydroxyglutamic Acid, 

CO^H CH(NH2) CH(OH)-CH2 COgH. 

The isolation of /5-hydroxyglutamic acid from 
the product of hydrolysis of caseinogen with 
25% sulphuric acid has been described by 
Dakin (Biochem. J. 1918, 12, 290) and by 
Gulland and Morris (J.C.S. 1934, 1644). Accord- 
ing to the later authors, the hydrolysate is 
neutralised to Congo Red with barium hydroxide 
and the barium sulphate, which adsorbs all the 
/3-hydroxy glutamic acid, is eluted with 1% 
hydrochloric acid at 25°. The amino-acids so 
obtained are treated to remove glutamic and 
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aspartic acids, Meucine and other amino-acids, 
and the barium salt of /S-hydroxyglutamic acid 
is separated. This salt on crystallisation de- 
composes to give the monohydrate, 

CsH.OfiN.H^O. 

similar to Dakin’s specimen. Syntheses of j9- 
hydroxyglutamic acid have been described by 
Dakin (from glutamic acid, Biochem. J. 1918, 
12, 290; 1919, 13, 398) and by Harington and 
Randall (by catalytic hydrogenation of the a- 
iaonitroso derivative of ethyl acetonedicar- 
boxylatc, ibid. 1931, 25, 1917), but there were 
marked discrepancies between the products 
from these two syntheses. 

The estimation of /3-hydroxyglutamio acid is 
best made after a preliminary purification by 
electrodialysis. The anode liquid is then freed 
from methionine with butyl alcohol and 
oxidised with chlorainine-T. The product, 

COaH CHg CO CHO, 

is not iHohit(‘d but determined as the p- 
nitrophenylosazono (GiiUand and Morris, l.c.). 
The anhydrous d/-ncid has m.p. 195° with de- 
composition and is soluble in water but in- 
soluble in alcohol. The hydrochlorides of the 
dl-aeid and of its ethyl ester have m.p. 87° and 
168 5” respectively. The silver, copper and acid 
calcium salts have been prepared (Harington 
and Randall, l.c.). d-^-Hydroxyglutamic acid 
crystalliHC's from water in prisms which sinter at 
100” ; it is soluble in water and acetic acid, 
sparingly soluble in methanol and insoluble in 
ethyl alcohol and ether. Its isoelectric point 
occurs at pn 3-28. For the dissociation con- 
stants, see Kirk and Schmidt, J. Biol. Chcni. 
1929, 81, 237. In aqueous solution (4%) it has 
[a]j5 about -fO-S” and in 2% hydrochloric aciil 
solution [a]p -f-I6-3”. On prolonged heating at 
100-110° over phosphorus pentoxide it yichls 
hydro \yp 3 rrolidone(^arboxylic acid. It yields 
silver, Clipper, mercury, Uad, cadmium, zinc, 
calcium and barium salts of which the silver and 
mercury salts only are insoluble, and it gives a 
diethyl ester, m.p. 62-63°, which is converted, 
in the presence of light and moisture, into ethyl 
hydroxypyrrolidonccarboxylatc, m.p. 115°, and 
on boiling with concentrated hydrochloric acid 
to a-ketoglutaric acid (Abderhalden and Murke, 
Z. physiol. Chem. 1937, 247, 227). The benzoyl 
derivative has m.p. 175-176° and the derived 
hydantoir,, 191-193° (Knooii et ul., ibid. 1930, 
239, 30). The brucine, salt has m.p. 200°, with 
decomposition and [a]'‘55 —25 0°. The, strychnine 
salt has m.p. 245° and —26-3°. When 

heated with hydriodic acid at 150°, d-jS-hydrox^'- 
glutamic acid is converted to d-glutamic acid. 
As a hydroxy-acid, it gives colour reactions w ith 
phenols and concentrated sulphuric acid, purple 
with resorcinol, bright green with thymol ami 
red (flesh) with phloroglucinol. 

M. A. W. 

GLUTAMINE, 

COjjH CH(NH2)CH2 CHji CONHg, 

is a half amide of glutamic acid. It was dis- 
covered in 1877 "by Schulze and Urich (Ber. 


1877, 10, 85) ill the juice of young pumpkin 
plants and isolated from beet-root sap by 
'Schulze and Bosshard {ibid. 1883, 16, 312), 1 
litre yielding 0-7~0-9 g. of glutamine ; see also 
Smolensk! (Chem. Zentr. 1911, I, 518, from Z. 
Vcr. dcut. Zuckcr-Ind. 1910, 1215), Schulze 
(Z. ijh^^siol. Chem. 1894, 20, 327; 1897, 24, 
18; Ber. 1896, 29, 1882; Landw. Versuchs.- 
Stat. 1898, 49, 442) and Deleant) (Z. ph 3 ^Biol. 
Chem. 1912, 80, 79). It appears to replace its 
homologue, asparagine, in some families, e.y. 
CaryophyllacefP, Cruciferm and Filiecs, where 
it occurs in the leaves, seedlings, roots and tubers. 
The amount of glutamine found in seedlings, 
etc., is only about 3% of the dry w^eight, which is 
much less than the amount of asparagine found 
in leguminous seedlings. The glutamine content 
does not appear to be constant but, for example, 
in the beetroot, it increases in the grow^ing plant, 
reaches a maximum and then disapiiears, 
apparently being replaced by allantoin (Ravenna 
and Nuceorini, Annali Chun. Aj)j)l. 1928, 18, 
509). By the application of ammonium sul- 
phate, the glutamine content can be raised to 
5-4% of the dry weight (Vickery, Puchcr and 
Clark. IMant Bbysiol. 1936, 11, 413). It nyqicars 
to be a direct product of tlie hydrolvsis ot pro- 
teins during gormiiintion (Nuccorini, Annali 
Chim. Appl. 1930, 20, 239). (Jliitaminc is widely 
distributed in plants; tliiis, it occurs with 
asparagine in the juic.o of lipcning oranges 
(Seurti and dc Plato, Chem. Zcritr. 1908, JJ, 
1370) ; in rhubarb leaves (Vbekery, Jhiclier, 
Leavenworth and Wakeman, J. Riol. (!licm. 1938, 
125, 527) and in aiiprcciable amounts in tobacco 
leaves, accounting for tbc formation of ammonia 
when the leaves arc boiled with Avater (Vickery 
and Puchcr, .1. Biol. Chem. 1936, 113, 157). The 
white exudation winch afipears on the tip of 
Chewing’s fescue grass, after the opplieation of 
ammonium suljihatc, has been idontifled as 
glutamine (Doak, New Zealand J. Sci. Tech. 
1037, 18, 84‘t). For distribution and role in 
plants, see also Stiegcr (Z. physiol. Chem. 1013, 
86, 245) and Schwab (i'lanta, 1935, 24, lOO; 
1936, 25, 579). According to Thicrfcldcr iincl 
and Von Cramm, glutamine is a component ot 
protein molecules (Z. physiol. Chem. 1919, 105, 
58). For tbc formation of glutamine by enzymic, 
dige.ytion of gliadin, see Dainodaran, Jaaliack 
and Chibnall, Biochem. 3. 1932, 26, 1704. 

The isolation of glutamine from beetroot can 
be effected by the method of Schulze and Boss- 
hard (/.(*,), modilied in detail by Vickery, Puchcr 
and Clark (J. Biol. Chem. 1935, 109, '39). The 
roots are ground and pressed out. The residue 
is eytolysed in ether for 30 minutes and on 
pressing again the glutamine is expre.sscd. The 
juice is treated with lead acetate, filtered and 
precipitated with inercune nitrate at ncutralitv. 
The precipitate is ilocomposcd with 10% suJ- 
phurie acid and Avith hydrogem sulphide and 
the filtrate is concentrated in vacuo at not rnon; 
than 60°C., refiltered and concentrated to crystal- 
lisation, when 2 vol. of ctli 3 d alcohol are added. 
The product is cr 3 ’^HtaIliHed from water by adding 
2 vol. of alcohol. A similar method of extracting 
glutamiiic from expressed beet juice (giving 3-4 g. 
per litre) has been descrilied by Eisenschimmel 
(Z. Zuckerind. Czechoslov. 1927, 51, 337). The 
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ByiithoBiH of (/'glutaiTiine from rf-glutamic acid 
lias bec‘n carried out l)y Nicnlmrg (Her. 1935, 
68 [H], 2232). Tlio y-ethyl OHter of glutamic acia 
waH converted to tlu^ earhobenzyloxy derivative 
and treated with Injiiid ammonia at 15-20'" and 
the amide ko formed, 

PhCHgO CO NH(C02H) [CHJa CO^H, 

W’aH hydrogenated in the ])re.4('nce of palladium 
catalyHt to d-glut amine. The y-CHL(Ta of 
glutamic a(id have al.so been converted to the 
amide (glutamine) by w'av ot the liydrazide and 
azide (H.l\ ‘I37H73). For the converHion of d- 
gliitamie anhydrifle to d-glut.’imiiie, sva Berg- 
mann, Zervaa and Salzninnn, Her. 1933, 66 [HJ, 
1288. For the bioeheruK'al nyntlicaiH of gluta- 
mine from ammonium glutamate, see Riebs, 
Bjochem. .1. 1935, 29, 1951. 

(Jlulumine erysl alhse.s in needle.s from aqueous 
a-l(‘ohol, in.j). 184-185' ; it dissolves in about 
25-7 parts of water at 10'" (Schulze and Godet, 
Landvv. Versiielis-Stat., 1907, 67, 313) and is 
sjianngly soluble in aleobol. It is unstable in 
ar|ue<uis solution (Damodaran, .laabaek and 
riiibnall, lx ) and luliaves as a very weak aeid 
towards indicators (Si'llier, Cliem. Zeiitr. 1904, 
J, 78t)). (jllntamin(‘ is dextrorotatory in aqueous 
Holution; S(‘ven speeimens lioni various v egetable 
souiees were lound to have |a],) between -1-1 •9'’ 
and -} 9*5'', the didiTenees being probably due 
to the presence of the two stereoisomers in 
varying pro])orti()iis (Seliulze and Bosshard, 
B(t. 1885, 18, 390; Sidlier, / r. ; Schulze, Ber. 
1900, 39, 2!)32; Laiidw. \'er.suelis-8tat. 190(5, 
65, 237). Schulze and Trier (Ber. 1912, 46, 
257) found that a 4^)^ aqueous solution of gluta- 
mine, ]uirified tlirongli ils copper salt, lias fa]''55 
H-O'" to H 7", while lor syntlietie samples, Borg- 
iiiann, Zervas and Salzniann {lx.) give 
-f 8 0'^ and Nienburg {l.c.) |a]„ H 8 3*^. A 7-8% 
Bohilion in 5% hydroehloiie aeid lias |a]|J -f 31'^ 
to q 32' (Sebnlze and 'frier, lx., rf. Fellet, Chern. 
Zenlr. 1911, 1, 17(50, Iroin Z. Zuekermd. Buhm. 
1911, 35, 4.37). l^)r the refractive index, density 
and fa] of solutions of glutamine, sec Eiscii- 
selummcl (l.r.). The isoelectric jinint. is 8-0 to 
100 (l^rrera, Conijit. rend. 1931, 193, 1347). 
In the presence of liver tissue, glutamine is eoii- 
v(Tt('d into urea (Leiitliardt, Z. jiliy.siol. Chem. 
1938, 252, 238) ; for the action of asparaginase 
on glutamine and also on aajiarnginc. see Geddes 
and 11 lint cr, d. Biol. Cheiii. 1928, 77, 197. 

The estimation of glutamine can he eft’eeted 
by Selilo.siiig’s metliod (Schulze, J. pr. Chem. 
1885, [ii], 31, 233), ammonium salts b«-ing re- 
moved by distillation with magnesia at a pres- 
sure sutlieiently reduced to rauso the solution to 
boil at 40". Under these conditioii.s the amide 
group is not hydroly.sed (Sellier, Bull. Soe, ehim. 
Suer. Dist. 1907, 25, 124; Schulze, Landw'. 
Versuehs-Stat. 190(5, 65, 237). IMore recent 
determinations of glutamine by hydrolysis were 
carried out in solutions buifered to (i-S 
(Chibnall et al., Bioehem. J. 19.35, 29, 2710; 
Mendel and Vickery, Ciarnegie lust. Washington 
Yearbook, 1935, 34, 298). The van Slyke deter- 
mination of amino-comyioiinds using nityjous acid 
gives abnormal results wdth glutamine but 
normal with asparagine, and these diflcrcnees 


have been applied by ChibnaU and Wcstall to 
the determination of glutamine in the presence 
of asparagine. For the determination of gluta- 
mine (4 asparagine) in citrus juices by formol 
titration, see Solanno, Ind. ital. conserve, 1938, 
13, 32. Titration cons! ants tor d-glutamine and 
f/-/50glutamme arc given by Melville and 
liichardson (Bioehem. J. 1935, 29, 187). For 
mcthod.s of separating and didermining gluta- 
mine, see also Tanboek and Winterstein, Bandb. 
Bllanzenanalvsc, 1(>33, 4, 190; Chem. Zentr. 
1933, 11, 3321 and Schwab, Flanta, 193(5, 25, 
579. 

Ow'ing to the feebly acidic character of gluta- 
mine, very few salts have been isolated : the 
copper derivative, Cu (C 5 Hg 03 N 2 ) 2 , forms 
bluisli-violet crystals, the cadmium derivative, 
Cd(C^iHg 03 N. 2 ) 2 , tine prisms. (Butaminc forms 
a comjmund with tartaric acid, that separates in 
large transparent crystals (Schulze and Godet, 

l. c.). PhenylacctyhjliLtamiiLC has [o]p —18° in 
2—4^0 aqueous solution ; the specific rotation 
decreases in arid solution (Thierfelder and 
Sherwin, Z. physiol. Chem. 1915, 94, 1). N- 
chloraceli/lglulamine lorms needles from ethyl 
acetate, m.p. 130-132" and has [uJ^J —104" in 
water. For a deserijition of dipcptides and tri- 
jieptides eonlruiiing glutamine, sec Tliierfelder 
and von (,'ramm, / r. ; also Ahderhahh'ii and 
Sj)iimer, Z. physiol. Chem. l‘.)]9, 107, 1. 

d-bsoGlutamlne, 

CONHo CH(NH2)CH2 CH2 C02H. 

has been .synthesi.s(‘d hy Borgniann and Zmvas 
(Her. 1932, 65 [l{|, 1192) by ( on verting the N- 
earhobenzyloxy diuivative ol (/-glutamie aeid, 

PhCHoO CO NH CH(C02H) [CH2l2 CO^H 

(m.p. 120", [a]‘j5 - 7 1" in aerdie aeid) into the 
anhydride (m.y). 94'^’) and so to the half amide, 
N-carbobenzyloxy-(/-<Viglnlamine, m.p. 1 75", 
which on eatalytie h;\'drogenation gives d-iso- 
ghilainine, [ajjjf [ 21-1" in alcohol. Tt is soluble 
in water hut very sparingly so in organic 
solvents. 

Hy the action of alioholie ammonia on the 
ester of d- or Fglutamie acid, the amide of the 
corresjioiiding iiyrrohdoneearhoxylic aeid is 
formed ; these are called gliitimides by Menozzi 
and Ajipiani, and the d-, F and r/^-forms have 
been described. 

d-Ghitimide, I “^CH C0NH2,H20, 

CO-NH^ 

eiystallises m needles belonging to the anortliic 
system, a:h:c 1-403:1:1 *421 , /3— 86" 58'; it has 

m. p. 165" and [a]!, -|-41-29". \-CUutimide has 
[aji, -40" and has the same m.p. and other 
properties as its dextro-isomer. di-Glutimide is 
formed w hen /-glutimide is heated with alcoholic 
ammonia at 14()-150", or alone at 200"; it has 
m.p. 214" (220-221"), the hydrochloride ervstal- 
lises in the orthorhombic svstcni, 

a;5;c- 0-8853:l:0-3a66 

(Menozzi and Appiani, Atti. R. Accad. Lincci., 
1892, 7, i. 33 ; Gazzetta, 1894, i, 24, 370).' 

M. A. W. 
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GLUT AN 1C AC ID, a-Jtydroxyglutaric acid. 

COaH CH(OH)CHa CH2 C02H. 

(1) (?-a-Hydroxyglutaric acid, m.p. 72'' (from 
ether), [a]},® +1-76”, occurs in sugar-beet 
molasses {see Lippniann, Bcr. 1882, 15 , 115G; 
1801, 24 , 3301), IS formed by the hydrolysis of 
i-a-chloroglutaric acid (E. Eischer and Moreschi, 
ibid, 1012, 45 , 2447) or in almost quantitative 
yield by the dismutatioii of methylglyoxalyl- 
aectic acid by hetoaldchyde inutase from top- 
yeast (Neuberg and Collatz, lliochcm. Z. 1930, 
225 , 242), by tin! enzyme from germinating jicas 
(IMa^^cr, ibid. 1031, 233 , 301), by animal gly- 
oxalase (S. Eujise, ibid. 1031, 236 , 237) or by 
the action of B. ciih (S. Veibel, ibid. 1031, 232 , 
435). 

(2) Z-a-llydroxygliit.aric acid, from d-glutamic 
acid by HNO2 at -7°, has m.p. 72-73" (Kischer, 
Ic.). Na salt faj‘® -8-(i.5^ 

(3) dZ-a-llydroxyglularic ac id is isolated as Zn 
salt ( fSH^O) from the i)roilnctH of the action 
of Mn02 on synthetic glutamic acid (VVollT, 
Annalen, 1800, 260 , 12). 

GLUTARIC ACID, 

a P y 

COgH CH, CH. CH 2 CO 2 H, 

a P of 

occurs naturally in the juice of unriiie sugar-beet 
and in the wash-watei of cnicle wool. It is best 
prepared in the laboratory by the acid hydndysis 
of irimethyJeno cyanide (Itebonl, Ann. C’him. 
Phys. 1878, [v], 14 , 501 ; Marvel and Tuley, 
Organic Syntlicses, 1025, 5 , (iO) or of niethylene- 
dimalonic ester (KI1oe^ eriagei, Ber. 1891, 27 , 
234b,- Dressel, Annalen, 1800, 256 , 17G; Otter- 
baeliLT, Orgaiiie Syntheses, 1!)3U, 10 , 58) or by^ 
the oxidation of cyrZr^pe.ritarione w ith dilute nitric 
acid (Hcntzschel and Wis]ie»‘iiUH, Annalen, 1803, 
275 , 315; Ba'dtker, J. Pharin. ('him. 1932, 
[viii], 15 , 225). 

(Butane acid (Tystallises in large monoclinic 
plates, m.p. 07-08", b.p. 200 /20 mm. It is 
readily soluble in water (100 c.c. dissolve 03-9 g. 
at 20"; Laraouroiix, C^onipt. rend. 1800, 128 , 
999) and in alcohol and ether. Eor the separa- 
tion of gliilanc acid from siiccinie, adipie uml 
pimelic acids, see Bonveaiilt, BuU. fcloc. chiin. 

1898, [hi], 19, 502. 

When aqueous solutions of glutarie acid are 
evaporated at lOO" and the resulting syrup 
aUowed to crystallise over H2SO4, butyro- 
laetone-y- carboxylic acid is formed, m.p. 49- 
50" 

CH2— CH,. 

I >CHCOOH 

CO 

I'^thyl butyrolactonecarboxylate is formed by 
tile action of epichlorhydrin on ethyl sodio- 
malonate. Colourless oil, b.p. 175/25 ram. 
(Traiibo and Ijelimann, Her. 1001, 34, 1971). 

Dimethyl (b.p. 93-5-94-5°/]3 mm.) and diethyl 
glutaratc (b.p. 103-104°/7 mm.) arc obtained by 
csterifymg the acid with the respective alcoholio 
hydrogen chloride (Meerburg Kec., trav. chim. 

1899, 18 , 373 ; Rcboul, Z.c., p. 605). When the 
acid is heated with* acetyl chloride it yields the 


anhydride in needles, m.p. 56-57 (Mol, Rec. 
trav. chim. 1907, 26 , 381). On heating, am- 
monium glutarate is converted into glutarimidc, 
m.p. 152*^. With phosphorus pentachlonde or 
thionyl chloride, glutarie acid yields glutaryl 
chloride, b.p. 107-108°/16 mm. (Rcboul, Z.c., 
p. 504,- Ruggli, Annalen, 1913, 399 , 179) which 
reacts as a mixture of the straight-chain lorin (a) 
and the cyclic form (Z^, 

/CHoCOCl .CHjCO 

CH, >0 

-CH.COCl \CH,.CCI, 

(a). (h). 

(Plant and Tomlinson, .1 C.S. U)35, 856). Eor 
purposes nl idcntirieation the hdlowiiig deriva- 
tives (in addition to llu* anhydride and imide) 
may he n.sed : amide, m.p 175"; anilide, m.p. 
126-127"; \\-t()lindidc, m.p. 218"; \)-])hcnyU 
phenacyl ester, m p. 152"; ])-nitrobrnzi/l ester, 
111 .]). 69 ". 

Halogenoglutaric Acids. — a-ddoroglutarie 
and Ls obtained by the action ot sodium nilnle 
on the hydrochloride ol a-aminoglutaric (glu- 
tamic) acid ; it is a solid, m.p. 97-100" (Jochem, 
Z. physikttl. (!hein. 1900, 31, 124). Ethyl a- 
bromoghdnruie, h.p. 142"/11 mm., is obtained by 
directly bioiniiiat nig glutaryl chloride and 
pouring the jiroduct into alcohol (Perkin and 
TatLersall, d.C.S. J9l)5, 87, 306; Jngold, ibid. 
1921, 119, 316). p-Hrornoijluiaric and, m.p. 
139-140", IS obtained by the direct addition of 
hydrogen bTomido to glutacoiiic ai'id (Ssenu*- 
nowy J. Russ. IMiys. Chem. Soc. 191,2, 31, 
389). 

Dibromination of ghitaric! acid (as its chloride) 
yields a mi.xture of the two stereoisornerie aa~ 
dihromoglutaric arids (Auw'crs ami Bornhardi, 
Ber. 1891, 24 , 2230; Ingold, J.C.S. 1921, 119 , 
316 ; Ing. and Perkin, ibid. 1925, 127 , 2387) , 
the rneso-nvid melts at 170" and lonns a solid 
dimethyl ester, m.p. 45", wdieroa.s the </Z-acid, 
m.p. 142", forma a liquid dimethyl ester, b ]>. 
143-145"/U) lurn. Only one of the two possible 
apdibromoglntaric acids is known; this form, 
m.p. 157”, is obtained by the direct addition of 
bromine to gliita conic acid (V^Tkade and Coops, 
R«‘e. trav. cJiini. 1920, 39 , 586). 

Alkyl Derivatives.- a-Methylglnfanc and, 
m p. 79", IS best obtained by the acid hydrrjlyais 
of ethyl proj)anp-ayy-tricarboxylate (Auwer-s, 
Annalen, 1896, 292 , 210; Mellor, J.C.S. 1901, 
79, 128) and ha.s been resolved, the d-aetd, m.p. 
81", having [a]'^® -f20" in water (Berner and 
Loonard.aen, Klg. Norskc Videiiskab. Sclkabs. 
Eorh. 1935, 7 , 125). p-Methylglutanc acid, 
m.p. 86", is obtained by acid hydrolysis of the 
Michael addition product from ethyl maluiiate 
and ethyl crotonate (Auw'^ers, Bcr. 1891, 24 , 
308 ; Auw'crs, Kobner and von Meveiiburg, ibid. 
2888). 

aa-Dimethylglutaric and, m.p. 85", is best jire- 
pared by heating aa-dimcthylbiityrolactone with 
potassium cyanide m a scaled tube at 270" and 
hvdiolysiiig the product with alkali (Blanc, 
Bull. Sqc. chim. 1905, [ni], 33, 886). pp- 
Dimethylgluiaric acid, m.p. 101°, is obtained by 
I the hydrolysis of the cyano-imidc formed by 
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condenHation of ethyl eyanoafctate with acetone 
in the presence of alcoholic ammonia (Guareschi^ 
Atti R. Accarl. fici. Torino, 1(K)I, fh], 50 , 235; 
Kon and Thorpe, J.C.S. 1919, 115 , 094; Vogel, 
ibid. 1934, 1758), this process maybe extended 
to the ])reparation of the a)S)3-triaIkylglutaric 
acids (Kon and Thorpe, ibid. 1922, 121 , 1795) or 
by the hypoiirornite oxidation of diniethyl- 
dihydroresorcinol (Kompjia, Rer. 1899, 32 , 
J‘123 ; Walker and Wood, d-C-S. 1900. 89 , 699). 
aft- Dimvlhylfjlutaric acid, in p. 87", is obtained 
by hydroJvHi.s of the corresponding iniide (Thorpe 
.111(1 ^'oiing, ibid. 1903, 83 , 357). aa-Dimethyl- 
ijlainric and is obtained (i) by the action of 
nu'tbylene iodide on ethyl sodio-a-cyanopro- 
pjonate, followed by acid hydrolysis of the 
n'Hulling ( yano-ester (Zelinsky, Ber. 1899, 22 , 
2823), (n) by hydrolysis and decarboxylation of 
ethyl tta'-dimethvl-a-cyanoglntaratc (Howies, 
TIn'irpe and Udail, .I.(\S. 1900, 77, 949) and 
(iii) by acid hydrolysis of the condensation pro- 
duct Iroin ethyl meihylmalonate and ethyl a- 
metliylaciylale cm- ethyl a-bromoi,sobutyrate 
(Auwtrs and Jackson, Her. 1890, 23 , Kill; 
Auwers and Thorpe, Aniialen, 1895, 285 , 310; 
Anwers and Kolnicr, Bit. 1801, 24 , 1930). The 
7ncm-, ni.]). 128'', and racemic, in.p. 143", forms 
may be separated by treotinent of the mixture 
with acetyl chloride, whereby the latter is eon- 
vert I'd into the anhydride. (A'cr also (Uiinox ylic 
Acids.) 

IT. N. R. 

GLUTEN (f;. Vol. II, 84c). 

GLUTEN IN, GLUTELIN (e. Vol. IT, 

856c). 

“ GLUTOLIN ” {v. Vol. II, 480<i). 

GLYCERIC ACID, 

HO CHg CH(0H)C02H. 

dl-Glyceric Acid is prepared by the action of 
fuming nitric acid (J part) on a 50% aqueous 
solution of glycerol (2 parts). The acid is 
separated from the products of the reaction in 
the form of the lead or calcium salt and isolated 
by treatment, of these salts with hydrogen 
sulphide or oxalic acid respectively (Debus, 
Annalen, 1858. 106 , 80; Beilsteiii, ibid. 1801, 
120 , 229; Moldenhaiier, ibid. 1864, 131 , 324; 
Mulder, Ik'r. 1876, 9, 1902; Biittinger, ibid. 
1877, 10 , 267; Rosenthal, Annalen, 1880, 233 , 
16; Meyer, Ber. 1886, 19 , 3294; Lcwkowitseh, 
ibid. 1891, 24 , Ref. 653; Wohlk, J. pr. Chem. 

1 900, [ii], 61, 209). Also prepared, together with 
other products, by the action of air or HgOj on 
an alkaline solution of glucose (Glattfield, J. 
Anier. Chem. Soc. 1929, 50 , 161 ; cf. Ncf, 
Annalen, 1914, 403 , 217). Glyceric acid forms 
a thick syrup, soluble in water and alcohol but 
insoluble in ether. 

Methyl eater has b.p, 119-120714 mm., djj 
1-2814. Ethyl ester has b.p. 120-121°/14 mm., 
d\\ 1-1909 (Frankland and McGregor, J.C.S. i 
1893, 63 , 612). I 

d-Glyceric Acid. The calcium salt is ob- 
tained from the corresponding salt of the dl- 
aeid by the action of B. ethaccAicus (Frankland, 
ct ol., J.C.S. 1891, 59, 97; 1893, 63, .296); of 
P. glaucum (Lewkowitseh, Ber. 1883, 16 , 2720; 
McKenzie and Harden, J.C.S. 1903, 88, 431); 


or by the action of A. niger and A. griaeua on 
dl-g\ycenc acid (Mackenzie and Harden, l.c.) ; 
also by the fractional crystallisation of the 
brucine salts formed by the dl-acid (Frankland 
and Done, ibid. 1905, 87 , 622). The aqueous 
solution of the acid is dextrorotatory, the salts 
are laworotatory and more soluble in water than 
those of the J/ acid. 

The methyl ester has b.p. 119-120"/! 4 mm., 
1-2799, [a]}f -4-807 the ethyl eater h&s d\l 
1-1921, —9-18" (Frankland and McGregor, 

ibid. 1893, 63 , 511). The amide forms plates or 
prisniB, m.p. f»!)-5-IOO°, 1-3347, [a]},"“ 

39-98" (Frankland, Wharton and Aston, ibid. 
1901, 79 , 269). 

/-Glyceric Acid, prepared by the action of 
milk of lime on glucuronic acid (Neuberg and 
Silbermann, Bor. 1904, 37 , 339). The salts are 
dextrorotatory, the barium salt having [ajn 
+ 17-1". 

GLYCERIN (Glycerol; aj9y-trihydroxy- 
propane ; l:2:3-propHnetriol, 

CH2(0H)CH(0H)CH2(0H)), 

a tnhydric aliphatic alcohol occurs in combina- 
tion with fatty acids as esters or ‘ glycerides ” 
in all fatty oils and fats. Glycerin was dis- 
covered by Scheele (Crell’s Chem. ,1. 1779, 4, 190 ; 
(YeU’s Chem. Ann. 1784, 1 , 99) in the course of 
studies on the action of litharge on olive oil 
(preparation of “ lead plaster ”) and other fatty 
oils, and termed by him prinetpimn dulce 
oleorum. 

The name glycerin (from the Greek yAuxepo.?, 
sweet), later modified to glycerol ^ in conformity 
with the usual nomenclature for alcohols, was 
conferred upon it by (!hevi*eul, who recognised 
it as an essential and ebaracteristic component 
of the fats, and pointed out the nature of its 
association with the fatty acids therein. 

The composition of glycerol was ascertained by 
Peloiizc (Ann. (^hira. Phys. 1836, [iij, 63 , 19; 
(^ompt. rend. 1845, 21 , 718) and its constitution 
was finally established by the work of Bcrthelot 
(Aim. Chini. Phys. 1854, [lii], 41 , 216) and of 
Wiirtz (Compt. rend. 1857, 44 , 780; Annalen, 
1857, i02, 339) and confirmed by its synthesis 
by Friedel and Silva (Compt. rend. 1872, 74 , 
8()5; 1873, 76 , 1594) and by Piloty (Her. 1897, 
30 , 3161). The fatty oils and fats consist 
essentially of glyceridea, the esters formed by the 
combination of fatty acids with glycerol with 
the elimination of 3 mol. of water, as expressed 
by the following equation : , 

/OH fRCOOH 

CsH^OH + <^RjCO OH ^ 

^OH iRaCOOH 

/O OCR 

CaHg^O OCRiH aHgO 
\0 OCR 2 

in which RCO-, R^CO-, R 2 CO- represent 
radicals of fatty acids, which may be all alike, 
or derived from different fatty acids. 

^ In view of the common usage of the trivial name 
glycerin. It Is coiivciiient to retain this to denote the 
ordinary technic.al or commercial material, and to 
reserve the term glycerol for the pure chetnlcul. 
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If the three fatty acid radicals are identical, . l>eet sugar, which was worked by the Protol 
the ester is known as a simple triglyceride : if, ' Gesellschaft in Germany and Austria during the 
however, the three hydrogen atoms are replaced* tvar of 1914-18, some 1,(X)0 tons per month of 
by two or three diftcront fatty acid residues, then ;lycerin being manufactured by this method 
mixed glycerides are obtained. c/. Connstein and Ludecke, and/or Vereinigte 

It was formerly assumed that the natural fats Jhem. Werke, G.P. 298.593-G, 343321, 347604, 


consisted of mixtures of simple triglycerides, 
and (erroneous) references to the presence of 
simple glycerides such as tristcarin, triolein, 
tripalmitiii, etc., are common in the older 
literature. Modern researches, however, and 
especially those of Hilditch and his pupils (c/. 
T. 1*. Hilditch, “ The Chemical Constitution of 
the Natural Eats,*’ London, 1940) have shown 
that simple triglycerides rartdy occur in more 
than very small amounts in natural fats (par- 
ticularly so in seed-fats), and that most of these 
are composed chiefly of “ mixed triglycerides,” 
such as oleo-dipalmitin, palmito-olco-stearin, 
olco-distearin, etc. (c/. Table XVIll). The seed 
fats of laurel and of nutmeg, which contain some 
30% of trilaurin and 40% of trimyriatin respec- 
tively, are remarkable. 

The equation shown above, when read from 
right to left, symbolises the hydrolysis or sapomfi- 
cation of fats and exjiresses the fact that by the 
addition of the elements of water (which is 
usually effected with the assistance of suitabh; 
catalysts), neutral glycerides may be resolved 
into 3 mol. of fatty acid and 1 mol. of glycerol. 

Glycerol exists solely in the combined state 
in fresh natural fats and oils, although traces of 
the free alcohol may be found occasionally^ ii 
fats which have suffered a certain amount" of 
deterioration from hydrolysis. Free glycerol is 
to be found in small amounts in the blood and 
is also a constant product of the alcoholic fer- 
mentation of sugar (Pasteur, Compt. rend. 1858, 
4ff, 857 ; 47, 224) ; 100 parts of sugar yield 
about 3-5 parts of glycerol under the ordinary 
conditions of fermentation. Until the begin 
ning of the century, such a source of glycerir 
was of no commercial interest, but later the in 
creasing value of glycerin made it profitable to 
recover even this small proportion and various 
processes were devised to treat the vinasscs from 
distilleries for this purpose. 

For example, in Barbet’s process (F.P. 449961 
of 1912) the material is concentrated, mixed 
with calcined plaster and kiesclguhr, and the 
glycerin distilled under reduced pressure, w’hil* 
caramelisation is prevented by the action ot 
Hcrapt‘rs within the retort. In another process 
( B.P. 27300 of 1912) the vinasses are dried, treated 
with acid, and the glycerin extracted by mcani 
of solvents such as alcohol. 

A great advance was made as a result of the 
investigations of C. Neuberg {cf. papers in Bio 
chem. Z. 1913-21; Bor. 1919-20; Biochem. Z 
1929, 216, 233) and of Connetein and Liidccke, 
who showed that the course of the fermentation 
of sugar could be modified and the production 
of glycerin (at the expense of alcohol) be greatlj 
increased by conducting the fermentation in the 
liresenceof sodium sulphite in an alkaline medium 
(v. Fermentation, Alcoholic, Vol. V, 23d. 
24a6). These researches led to the dcvelopmen 
by Connstein and Liidecko (Bcr. 1919, 52, 1385 
d.S.C. 1. 1919, 287H)of a process for the industria 
production of glycerin by the fermentation o1 


86699, 514395; B.P. 138099, 138328-9, 

38331 ; U.S.P. 1511754, 1698800). For the 
.heory of the sulphite-modified and alkaline 
"ermentation of sugar, cf. references quoted 
ibovc; Tomoda, J. Chem. Ind. Japan, 1924, 
stc. ; Proc. World’s Eng. Congress, Tf)kyo, 
929; 1931, 31, 500; Fermentation, Al- 

"IIOIIOLIC, J.c. 

Still higher yields of glycerin, corresponding 
almost to the theoretical yield to be cxyiected 
"rom Neuberg 's second equation, are stated to 

obtained when fermentation is performed 
n the ])resence of a mixture of neutral and acid 
mdiuin sulphites in siieh projjortion as to be 
apyiroMinately neutral to litmus ((’ocking and 
LiUv, B.P. 164034/1919; Lilly and I.C.I., Ltd., 
B.P. .349192/1930; cf. K. and N. Liideeke, B.P. 
278086/1926). 

In the Gnited States also, the proeesses of 
alJvaline fermeiiiarion attracted attention to the 
possibility of tormenting blackstrap molasses : 
thus Eoff, Linder and Beyer (.1. Ind. Eng. Chem. 
1919, 11, 842; U.IS.P. 1288398/1918; B.P. 
1.33374; F.P. 409824), using pure cultures of 
tSacckaromycPs elllpsoideus var. St(‘inberg in an 
alkaline mash, obtained a conversion of 20-25% 
if the sugar into glycerin as well as eonsiderable 
jiroduction of alcohol. Further processes for 
the production of glycerin by the alkaline fer- 
mentation of crude sugar have been patented by 
E. T. Du Pont de Nemours & Co. ; v. U.S.P. 
1678150, 1725363, 1936497, 1990908; B.P. 
316567, 316597. 

Interest in the fermentation processes for the 
production of glycerin, whi(4i tends to lapse in 
normal peace-time in consequence of the plenti- 
ful supplies of cheap glycerin from fats, may he 
expected to revive in time of wnir, when a short- 
age of glycerin for the manufacture of explosives 
is experienced ; and in fact, such processes have 
again been brought into use in Germany at the 
present time. 

The manufacture of synthetic glycerin from 
propylene, which can he obtained Iroin the un- 
saturated gases produced during the cracking of 
petroleum, may also become of commercial 
interest in times of shortage. A patent issued to 
Heinomann (U.S.P. 1180497; B.P. 12366/1913) 
claimed the conversion of propylene through the 
stages of dichloropropane and allyl ohlorido into 
trichloropropaiic, wdiich was then hydrolysed to 
glycerol (cf. McElroy (Carbide and Carbon 
Chemicals Corj).), U.S.I*. 1466665; E. C. 

Williams, Oil and (ias J. 1938, 37, 28). The 
conversion of propylem* into glycerol may also 
be effected by making use of the chlorohydrin 
derivatives as intermediate steps (cf. McElroy 
(Chemical Development Co.), U.S.P. 1253615; 
Essex and Ward (Du Pont dc Nemours & Co.), 
U.S.P. 1477113, 1594608). 

The various stages in the process recently 
worked out on the technical scale by the Shell 
Develiftnient Co. have been outlined by E. C. 
Williams (Chem. Met. Eng., 1940, 47, 834). 
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Propylene is chlorinated directly at a tempera- 
ture of TiOO'^C. (the BO-ealled “ hot eldoriiiation 
proecHH,” r/. (Jroll and Hoariie, fnd. Kng. Chem. 
1939, 81, 1 530) to yield all} 1 fhlorido, from wiiir li 
the synthcHis of glycerol may proceed by either 
of two roiitcB. Thus ally! chloride may be 
treated with raiiHiic soda at a controlled 
of 8-11 to convert it into allyl alcohol: thin 
reactH with ac^ueouH hyfiochloroua acid to form 
glycerol mono* and di-chlorohydnriH, 'which in 
tiu*n are hydrolysed by a Kolution containing 
10% of caiiHtic Hoda and 1% of aodiiim carbonate 
to yield glycerin. The altiTiiative method 
(which apjicaiH to be prefcriilile for large scale 
production) is to cblorohydrmate the allyl 
chloride direct ly, by treating it with a solution 
of hypoehloions acid and sodium chloride (pre- 
pared hy the action of chlorim; on caustic soda 
solution) HO as to obtain glycerol dichlorohydnii 
(in 90 95% yield), A\liJeh is then hydrolysed to 
glycerin by the aid of eaustie soda or eaiistie 
soda and lime. '^I'lie crude glycerin synthi'sised 
by such methods is concentrated and distilled : 
hy taking apjirojiriate cjuts during tlie distilla- 
tion, and reJining them hy extracting coloured 
impurities with xylene (e. Sludl Development Co., 
U.S.l*. 2151930) and redistilling, a glycerin 
meeting all eonimeroial specilications may be 
recovered in high yield. 

Laboratory preparations of glycerol fiom 
propylene (itself svntlu'sised Irom acetylene) vm 
tribromopropnne or tiiehloroproiiane have been 
deserihed by Jlcitbelot (/ r.) and Wiirt/. (Js.). 
Allyl alcohol may be oxidised to glycerol by 
means of potassium jierm.iugiuiale (Wagner, 
Her. 1888, 21, 3347, 3351), or by ])otnHHiuui 
elilorate in the proHenee of osiuiiim tetroMde as 
catalyst (Mofmaiin, Lbrhart and Selnieider, 
i/m/. 'l913, 46, 1057, l()(i7). 

Glycerol may likewise bo pn'pared from pro- 
pane, which itself may be reeovtued from 
petroleum. 

Crude, glycerin is obtained on the large scale 
from fata and oils as a by-product ol soap- 
making and ol the various saponiliealion juo- 
eesHPH (fat-hydrolysis) practised in soap and 
candle works for the manufacture of l.itty acids. 
According to the jiroeess by which the fat is 
hydrolysed, the folloxving five commercial 
qualities of glycerin have been distinguished 
hitherto, viz : (1) Soap-Lye Glycerin, or Simp 
Crude Glycerin; (2) Saponification Crude Gly- 
cerin ; (3) Twitchell Crude Glycerin ; (4) Crude 
Distillation Glycerin ; and (5) Fermentation 
Crude Glycerin {N.B. this refers to the glycerin 
obtained by hydrolysing fats by the help of 
enzymes or ferments, and not to glycerin ob- 
tained from the fermentation of sugars). In 
view of potential developments discussed above, 
crude glycerin derived from the fermentation 
of sugar and, perhaps, also synthetic crude 
glycerin should be added to complete the list of 
crude glycerins from all sources. Typical 
analyses of some crude glycerins are shown in 
Table I. 

In the soap and stcarine industries, the by- 
product glycerin is obtained as a dilute aqueous 
solution (soap lyes or “ sweet waters ’’b con- 
taining various impurities, viz., salts, inorganic 
and/or organic acids and other organic sub- 


stances — the nature and quantity of which 
depend upon the manufacturing processes them- 
selves — and which must be removed as far as 
possible before the liquors can be concentrated 
liy evaporation to obtain commercial crude 
giyccrin. The method employed depends 
naturally upon the type of impurity to be 
eliminated. 

The organio eontaminanls, which although 
small in quantity may cause considerable diffi- 
culties in the yiroeessing, may arise from the use 
of low'-grado, impure or deteriorated fats for 
saponification. The purest raw material results 
from Baponilieation by means ol lime in open 
vessels; hardly inferior to this is the glycerin 
obtained by “ autoclaving.” Less pure is the 
raw material recovered from the acid saponifi- 
cation protess,” “ TwiteheU’s jirocess,” and the 
“ ferment process.” The crude glycerin oh- 
obtiiined from soap lyes, notwithstamliiig its 
high pro])ortion of inorganic salts, may, on the 
one hand, surjiass in jiiirity {tx. as regards the 
amount of oigaiiie impurities) the ermle material 
from the last-named processes; but, on the 
other liand, it may be very impure if fats and 
oils of low cjiiality have been saponifietl by means 
f blaek-asli lyes, as w'as done until some years 
ago in Lancashire and in Marseilles. Modern 
[iroccascs of reliiiing have, however, overcome a 
number of ddlieiill les caused by the several im- 
purities, so that to-day a (hemieally pure 
glycerol fioni good soaj) lyes cannot he distin- 
gmsheil Iroin ( heiuically ynire glycerol obtained 
by lim(‘ saponification. Giiide glyeeniis further 
vary as regards (piality in accordance with the 
caie exercised in the manulacture. Crude gly- 
cerins obtaiiK'd from the acid saponification, the 
Twitchell and the ferment processes, relain 
t(‘naciously certain impurities and are therefore 
rallier more dil)i(*ulf to purify. 

(1) Soap-Lye Glycerin, Soap Crude Gly- 
cerin, Soap Crude. — Siuco Chevrenl estab- 
lished the eonstdulion of fats and oils, it has 
been known that the spent soaj) lyes, obtained 
in the manufacture of soap by boding oils and 
lats in an opiui pan with eaustie soda, contain 
])raetieally all the glycerol which the natural oils 
and fats are capable of yielding. J)uriiig the 
first hall of last eentury, liow^ever, no attempt 
'was made to recover tlio gl}'cerol ironi those 
lyes, not only on account of the difficulty 
attending this ojieration, but also for the reason 
that the small demand for glycerin then ruling 
in the market could be readily satisfied by the 
candle makers’ crude glycerin. When, at the 
end of the ’seventies of the last century, a great 
demand for nitroglycerin {dynamite) sprang up, 
attention was dra'wui to this source of glycerin, 
and serious endeavours were made to recover 
the hitherto wasted product. Although as early 
as 1858, H. Keyiiolds had patented (B.P. 1322) 
the main features of a jiroeess of recovery, 
features wdiich CBSentially reappeared in all 
subsequent processes, yet serious failure at first 
attended all attempts at the recovery of glycerin, 
on account of the considerable aiiiouiit of im- 
purities in the spent lyes, and most prominently 
>n account of the large amount of dissolved salts. 
The first process to achieve successful technical 
production of crude glycerin from soap lyes was 
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patented in 1879 by Thomas, Fuller and King 
(B.P. 1282). Modem processes, especiaUy im- 
provements in apparatus on the one hand, and 
the rapidly growing emxjloyment in the soap in- 
dustry of caustic soda of the highest purity, 
tended to evolve a process which is now worked 
with more or less success in all the large soap 
works, not only of Europe and America, but also 
of Australia, Africa, India and New Zealand. 
The earliest successful attempts to recover 
glycerin from soap lyes wore made in English 
soap works, which were the largest soapcrics of 
the world ; this process may be said to have 
established its success in (ircat Britain to\vards 
the middle of the ’eighties of the last eentury. 
Since that time, crude glycerin recovered from 
soap lyes, “ soap crude glyciTiii.” has established 
its great importfinee in the world's commerce. 

According to the manner in which the soap 
is xirocesscd, the spent lyes (jonfain from o to 
8% of glycerol, also the common salt used in 
“ cutting ” or “ graining ” {i.p. saltiiig-oiit) the 
soap, and small amounts of free caustic soda, 
H(Klnim carbonate, soap and organic inipnritnvs. 
I’he smaller the amount of free caustic soila, 
sodium carbonate and organic im])urilics 
jirescnt, the more readily can tiio process of 
recovery ami purification bo carried out. In 
cases where impure caustic soda lyes have* been 
iise.d, the s})cnt soap l>es may contain, in 
addition to the substances enumerated above, 
thiocyanates, snlt)hid(‘s, thiosulphates, cyanides, 
and ferro-cyanidcR. These impurities wcu’e jirc- 
sent in the crude (black-ash) lyes which were at 
one time used in the l\larseilles distiiet. The 
difficulties causeil thereby m the recovery of 
I’liidc glycerin, coupled with the establishment 
of ►Solvay's soda works in that neighbourhood, 
led to the almost complete abandonment of 
blaek-ash lyes, so that even in Marseilles the vast 
majority of soaps are now prepared with pure 
caustic l 3 "e 8 . The exact treatment of the lyes 
in a soap works deiiencis on the state of purity of 
these lyes, and has, as its object, the removal or 
destruction of the soapy, resinous, albuminous 
and mineral impurities present, so that the final 
dilute glyi-erin liquors passing to t he evaporators 
shall contain practically no impurity other than 
common salt. 

This is achieved by first separating any im- 
dcoomposed fat, then very carefully acidifying 
with hydrochloric acid to decompose traces of 
soap, and adding ferric chloride (or loss commonly 
aluminium sulphate) until no further precipita- 
tion takes place. (Formorly iron sulphate was 
much used, cf. 'V^an Ruymbcko, U.S.P. 458047 ; 
G.P. 86563). The liquor is then filler-pressed, 
made alkaline to precipitate any excess of iron 
and again filter-pressed. Other methods {rf. 
Schlenkcr, Chem. Uraschau, 1932, 39 , 28) in- 
volving the use barium carbonate and other 
salts have been proposed but are not much used 
on the large scale. 

If “ chemically pure ” glycerin is subse- 
quently to be prepared from tlie crude product, 
atteiitjon must be paid to the elimination of 
arsenic compounds, and arsenic-free reagents 
should be employed for the purification of the 
lyes. A. C. Langmuir (Ind. Eng. Chem. 1932, 
24 , 378) states that simple treatment with crude 


ferric sulphate and filtration is sufficient to 
remove arsenic from spent lyes. The removal 
of arsenic from concentrated glycerin solutions 
is more troublesome (r. infra, “ (^.P. Glycerin ”). 

The chief difficulty attending the coneentra- 
tion of the purified soap lyes arises from the 
high content of common salt ; for, unless special 
arrangements are made, the salt is bablo to 
crystallise out as a deposit on the walls and in 
the lubes of the evaporator, reducing its working 
efficiency and necessitating frequent stoppages 
for cleaning. 

In the early days of the industry, the con- 
centration of the luirihed glycerin liquors was 

iTied out in tire- or steam-heated open pans 
of conical shape, so that the salt, as it erystal- 
lis(‘(l, could slule down into a vessel fixed to the 
bottom of the pan, whilst rotating gear kept the 
heating surface free from incrustation. In the 
case of large and modern installations, the lyes 
are evaporated, iisually under reduced jiressure, 
\v It lithe helj) of steam in single- or multi ple-eff'eet 
closed cvajioratoTs of sjiecial design. The Foster 
double -effect evnimrator, illustrated in Fig. I {cf. 
hosier, B.P. 31 1 8/1 S«)5, 23081/1899, 26830/1902), 
which is most commonly used in England, is a 
typical e vample of such apparatus. The glycerin 
liquors are heated as they circulate from the 
conical bottom of the evafiorator up through 
a number of narnm tubes located in tlio 
calandria or stcam-ehest into the vapour zone 
or ev'aporalioii space jiropcr, where some of tlio 
water volatilises : thence the liquors rid urn for 
recirculation to the bottom of the vessel through 
th(i wide downcomer which is a notable feature 
of all such evaporators, and lacilitatea the rapid 
circulation ot the lyes. Various other jjatented 
evaporators — such as the Scolt and the Ameri- 
can W ursler- Sanger, Garrujiie and Jiuflovak 
evaporators — dilfcr in details of construction,^ 
l)ut embody similar principles, the object of the 
design being to achieve a rapid, positive cir- 
culation of the lyes w ithout churning, so that a 
high rate of heat transfer and evaporation is 
attained, and the sejiarating salt crystals are 
able to grow freely and to settle dowm on the 
liottom of the evajiorat.or, wdicnce they arc with- 
drawn continuously or intcrniittontly by suitable 
salt-extractors or salt-drums, without breaking 
the vaeuiiin in the evajiorator. 

In the Blair, Camjtbrll and McLean system, 
the lyes are heated under pressure (so that no 
salts arc deposited in the tubes), and the actual 
evaporation is produced by “ flash ” cifect in 
a separate vessel remote from the source of 
heat. 

The well-known Kestner climhing-fdm eva- 
porator has also been adapted for concentrating 
glycerin by the provision of a salt- separating 
vessel through wdiich the liquors flow after each 
passage up the tubes of the cvaiiorator (v. 
Evaporation, Vol. IV, p. 4106) ; as a rule, two 
or four evaporating units are coupled with one 
salt-separating vessel. 

^ The varioiiB Enullsh and American evaporatOTB are 
illustiatcd, anti their operatitJii described in pome detail 
by E. 'r. vV(;bl>, “ iSottp and Glycerine Manuracturc,*’ 
London, 1927; G. Martin, “Modern Soapa and 
DetergetfLs 1 ndii.stry,’* Vol. Ill, London. 1925 ; and by 
J. \V. Lawric, " Glycerol and the Glycols,” New York, 
1028. 
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The collected salt j;ludgc in ultiniaUdy filter- 
preHsed or centrifuged, and M^aHhed with purified 
dilute glycerin 13'eN in order to recover anj’^ en- 
trained glycerin. The Halt itHclf ih recovered in 
a aufficient atate of purity to be returned to the 
fioapery. 

The glycerin HolufioiiH are concentrated until 
the crude glycerin haa reached a sp.gr. of 1-3. 
The progress of concentration is controlled by 
the sp gr. fest, or, eijuallv well, by taking out 
sainpies aiul ascertaining the boiling-point in a 
porcelain dish, by mciiriH of a thermometer, 
while the contents of the dish are kept wtiried, 
80 that the salt may not cause bumping of the 
eonlcnts or (raikiiig of I he dish. The glyeerin 
has mulled tin* sp.gr. of 1-3 and the jierieritage 


required by commerce, if the boiling-point is 
150®. The crude glycerin then contains 80% 
of pure glycerol, and about 10% of salts, the 
remainder consisting of water and a small 
amount of organic impurities. If the con- 
centration is carried a little further, crude 
glycerin, containing as much as 86% of glycerol, 
ran readily be obtained. 

The proportion of organic impurities in soap- 
lye glycerin varies considerably, depending on 
the process of purification and the care of the 
ofierator. 8ome commercial “ soap crude ” gly- 
cerins contain less than 1% of organic impurities 
(thus representing a better quality glycerin than 
“ crude distillation glyeerin,” crude glycerin 
from the “ Twutchell process,” and crude gly- 



[liy CQurU’sy of Fullerton, Uodyart and Barclay, Limited, Paisley. 
Fia. 1 . — Section of Foster’s patent Evaporator. 


eorin from (ho “ fermentation process ”). Other 
specinioiis of erudo glycerin, again, contain large 
quantities of impurities, consisting of fatty acids, 
rosin acids, and of albuminoid siibstaiiecs, 
gelatin and hj^droearbons (from bone fat), and 
also trimethyleneglyeol in the lyes resulting from 
bone fat which have been allowed to ferment. 
Even organic bases, amongst which pieoline and 
lutidine were identified, have been found in the 
distillates from such impure glycerins (l.fCwko- 
wdtsch, “ Oils, Fats and Waxes,” fith cd., 1923, 
Vol. Ill, 385. 

The colour of “ soap crude glycerin ” is pale- 
yellow' to brown, or almost black, uccor^ng to 
its purity. The taste of good ” soap mine ” is 
sweet, modified, of course, by that of the com- 


mon salt contained therein. Inqjure samples 
have a most unpleasant garlic-like taste, even if 
sulphides be absent. This is specially character- 
istic of the lyes obtained in the Marseilles dis- 
trict, owing to the use of ” sulphur ” olive oil. 

8oap-lye glycerin can be rapidly distinguished 
from the crude glycerins described below by the 
large proportion of common salt which it con- 
tains (heavy precipitate with silver nitrate 
solution) and by its high specific gravity. 

Crude soap-lye glycerin, if containing consider- 
able quantities of sulphides, thiosulphates or 
sulphites, is almost valueless to the refiner of 
crude glycerin. 

Table I illustrates the composition of recent 
soap-lye and saponification crude glycerins. 
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Tablj r. 

Soai’-Lv’e Crude Glycerin. 



1. 



4 

."i . 

Sp.gr. at 15-5'' . . 

1 3010 

1-291)4 

1-2971 

1-3002 

1-3073 

Total acetyl value . . 

S3 38 

81-00 

82-72 

84-91 

87-24 

Acetyl value of iTsiduc 

. - 

0-00 

0-51 

2-39 

1-01 

Net glycerol 

— 

81 00 

82-21 

82-52 

80-23 

Ash 

0-45 

9-40 

9-25 

9-51 

8-88 

Organic residue 

1-50 

2-97 

1-25 

3-10 

I 29 

Water ... . . 

5-79 

5 50 

7-01 

4-90 

3-24 


100 isi 

98-87 

99 72 

100-09 

99-04 


Savonification (.’rude GlY(’E11IN, 



1. 


.5. 

4 1 

i 

Ti i 

Sp gr. at IS-S'" . . 

J 2517 

1-2447 

1 25 0) 

1 2579 

1 2472 i 

Total acetyl value 

90-18 

H8-.57 

80-00 

91 85 

90-88 i 

A< ctvl value of residue 

0-20 


0-73 

0-31 

- - 

Net glycerol 

89-98 

— 

85-33 

91 54 

— 

Ash 

0*97 

0 83 

2-47 

1 1 39 

0 47 1 

Organic residue ... 

1-30 

0 48 

2-72 

1 13 

0-33 1 

Water 

7-55 

10-05 

9 24 

1 5 82 

1 

8 34 1 


99-801 

99-93 

99-70 

1 99 88 

1 

1 

100 02 

1 


^ Wlu'n tlH“ (^reanio rtwidup of '■oap crudo (iljopriii In loas than 2-rj% it is piiHtoinaiv in l.hn Irinli' nut to 
dctpriiiiiK' tlic aretvl Miliu* of tlu* realdnc In anoh casps tho sum of total nrrtyl vahu*, iish, organic rrHldup 
and watpr will iiHuallv ho a little over 100 When the aectyl value ol tlu? residue is detennlnfid and 
deducted ao ua to arrive at net jflycerrd tli(‘ huiu will UHually he a little less than 100 In the (iase of 
saponifleathni crude Rlyceriii the acetyl value of a residiio less than 1% is not usually determined (jvcc p. 02/>). 


(2) Saponification Crude Glycerin. — ^This ] 
product ropresents the best quality of crude | 
j^lyeerin. It is recovered from the “sweet 
waters ” of the autoclave process (a process in 
which fats are hydrtilysed with water at high 
tomijeratures aticl pressures in the presenee of 
small quantities of lime, magnesia or zinc oxide 
as catalyst) or as a by-product from the manu- 
facture of soap by double decomposition. (In 
this method the fats are completely converted 
into calcium soaps by treatment with excess of 
lime and water, and subsequently converted into 
sodium or potassium soaps by double decom- 
position with appropriate alkali salts : the gly- 
cerin liquors are washed out of the lime soaps 
at the end of the first step in the j^roeess.) 

The proportion of glycerin in the “ sweet 
waters ” varies from about 6 to 16%. The rn 
fining of these liquors is comparatively simple, 
and some of the operations necessary for the 
treatment of soap lyes may be omitted. Pre- 
liminary purification may be effected by partial 
concentration over closed steam coils assisted by 
skimming. The liquors are then acidified with 
sulphuric acid, in order to decompose metallic 
hydroxides and soaps, and after filtering off any 
separated fatty acids, the solution is neutralised 
with lime and concentrated in single- or multiple- 
effect evaporators : since the purified autoclave 
“ sweet waters ” contain relatively little dissolved 
salts, the provision of special salt-extractors, etc.. 


such as are required in dealing with soap crudes, 
is superfluous. 

The evaporation is carried on until the crude 
glycerin contains about 85-00% of glycerol. 
Its 8p.gr. is then from 1-240 upwards, corre- 
sponding with the coiumeicial brand of “ 28'’Be. 
saponification crude “ or “ candle crude gly- 
cerin.” The colour of this glycerin varies from 
yellow to dark- brown ; its taste is sweet. With 
basic lead acetate, it gives but a slight precipi- 
tate. By refining this crude glycerin with 
charcoal, a “ rclined ” glycerin (used for a 
number of commcnsial purposes) is obtained. 
This crude glycerin contains up to 0-3% of ash, 
chiefly calcium (or magnesium or zinc) sulphate, 
and only small quantities of organic impurities. 
It is valued on the percentage of pure glycerol, 
of ash and of organic impurities. 

The “ sweet water ” obtained in the process 
of soap making by double decomposition is 
treated in the same manner as described above, 
and yields a good “ saponification crude,” which 
is equal in quality to a ” candle crude glycerin,” 
provided that the original fatty matter was of 
good quality. Since this process is used in 
small works only, where chiefly low-quality 
greases are worked up, the crude glycerin 
thus obtained may have a very high ash con- 
tent an^ IS apt to contain a considerable amount 
of organic impurities, so that it is liable to fer- 
ment when stored. (The experience of Lewko- 
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witBch that Kuch crude glyceiins did f(Tment 
HbowB that the organic inij)uriticK in low-clasf^ 
grease are not diistroycd hy treatment with 
lime.) In tlio coiirRO of the fermentation, tri- 
methylenegl3'eol is formed. 

(3) Crude Glycerin from the Twiichell 
and Analogous Processes. — This kind of 
crude glycerin is obtained from the aeid “ sweet 
waters ” ri'sulting Iroin the J'witehell process of 
fat-siilitting, wJjieli consistH in tieating the fat 
with water eontiiiniiig a iittlc siiJphiiric aeid in 
the j)n‘Henee of a complex organic sulplionato as 
eatalyst. 'J’ho acid lirinors aie treated with 
baryta or barium earbonati; or lime to preiipi- 
tate us far as ixissible tbe ilissolvi'd sulphiiiie 
acid, niter which tbe jhiiiIk ation and eon- 
ceiitralion ])ro<'eed an described under “ sa]*oinfi- 
eation crude gl^'cenn.” Any dissolved calcium 
Huljihate may be removed by jirei ijiitation with 
hariiim hydroxide or carbonate, in order to 
avoid eom])lieatioiiH during the eva])Oialion 
'I’lie puritied lifjuors me eoneeiitratcd u]) to a 
sjj.gr. of about J-24 or innic. 'I’be quality ol this 
crude glycerin vanes (’onsidciably with the 
quality of tlie fatty material from which it has 
been obtained. If the raw material is of good 
cjuality, the glyeen’ii is tairly good ; but (‘ven 
in that ease, owing to tlu' high amount of ash 
it contains, and owing to its iinjih^asanl- taste, 
it is valued at a somewhat lovser jirice than is 
crude candle glyecrin. Since the I’wilchell 
sajjoiiilieation jiiocess is best adajited to low- 
elasH nuvteiial (such as greases), the glycerin 
obtained from sinh material toniains so con- 
siderable an amount of organic iinjuirities that 
it cannot be relined by itself, evmi for tbe pro- 
duction of dynamite glycerin. Each spciial 
make of such glycerin must tbercloro be valued 
on the basis ol the impurities it eoiitain.s. 

(4) Crude Distillation Glycerin .—This 
kind of crude gl^'ccrin is obtained from the arid 
water resulting from the so-called acid saponili- 
cation proeesses in which fats are hydrolysed 
with the hclj) of sulphuric acid. It is termed 
in commerce “ crude dialillation gl^'^ccrin ” lor 
the reason that the fatly acids obtained by this 
process must be distilleil to 3 dcld candle material. 
The dilute glycerin waters (“ sweet waters ”) 
are worked up in inneb the same manner as 
described under Twitchell glycerin.” Owing 
to the large amount of sulphuric aeid used in the 
process, a eonsidcrablc quantity of salts remain 
in solution after the mineral acid has been 
neutralised with lime. As the eoneont ration of 
the solution proceeds, especially when the 
thickened liquor approaches the sp.gr. of 1-240, 
calcium sulphate separates out and is deposited 
on tho heating surface of the evaporating 
apparatus in the form of a liard crust, thereby 
rapidly diminishing the evajiorative power of the 
steam. This diflieulty is obviated by employing 
a type of evaporator which permits the heating 
surface to bo continuously scraped. 

The finisned crude distillation gl 3 "eerin con- 
tains considerable proportions of calcium sul- 
phate, inasmuch as the solubility of calcium 
sulphate in glycerin (see below) is increased by 
the organic impurities which are also Jiresent. 
The ash of this kind of crude glycerin rises to as 
much as 2 and even 3-5%. The amount 


of organic impurities is greater than in crude 
saponification glycerin, and may rise to even 
2%, the colour is usually pale-yellow, tho taste 
sharp and astringent, and when rubbed between 
lh(‘ hands it emits an unpleasant odour. On 
adding basic lead acetate, a voluminous pre- 
cijiitaie is obtained ; hydrochloric acid produces 
a turbidity, duo to tho presence of fatty acids. 

Tho trade term for this kind of glycerin is 

crude distillation glycerin, 28°Jle,” it has 
sp gr. 1 -240-1 -242, and as a rule contains from 
84 to 86 /y of gl 3 ’'rerol. 

(5) Fermentation Crude Glycerin. — Tho 
“ Hwoct WMter ” from the hydrol 3 "Ri 8 of fats by 
nieaiiH ol enzymes is rich in proteins and other 
organic iinjniiitics. In addition to tho usual 
treatment (lescrilaal above, it must he filtered 
over char, which n-tams tho Inilk of these im- 
juintics. Nevertheless, a eertain amount is still 
retained and the finished crude is not only dark 
in colour, but has also a veiy’^ unpleasant odour 
and taste, even if the glycerin be made from 
gooil raw mat<‘rial, such us refined cnttoii-seed 
oil or leiiiied Jinsced oil, and in the infancy of 
the jirocess tins crude gl 3 '( eiin was practically 
uiiusable. In consequence of improvements, 
the amount of imjniril.ic^s has been (■on 8 idcrab] 3 '^ 
reduced and a sainjile examined by if- l^ew^ko- 
vvitsch (cj;i. cd. IIT, 370) give tbe following somc- 
wdiat iavourable rc-sults : sji.gr. l-23fi9; ash, 

0 40%; organic- impuntics (proteins, etc.), 

1 54%. But the chfhculties have nol yet been 
suimoniitccl, and tbe jiroccss is still but little 
iisc‘d. This jji’ocluct, like the Twitchell cruder 
glyc c'rin, is clifiic ult to refine by the usual process 
of distillation and must bo mixed in the still 
with better kinds of eniclo glycerin. 

(6) Crude Glycerin from the Fermenta- 
tion of Sugars. — Tho purification of the 
relatively dilute g )3 cerin liquors obtained from 
the fermentation proci'Hs presents special pro- 
blems on account of tho quantity and variety 
of the associated contaminants. After filtering 
the fei merited mash to remove tho yeast, the 
cleared glycerin sloji may eontain only from 2 to 
7% of glycerol together with a wide variety of 
organic jirodiicts of the fermentation, alkaline 
salts, Buljihites and other inorganic salts which 
were origiiiall 3 ^ added as nut ricuits for the 3 ’^ea 8 t. 
Alcohol, aldch 3 "des and otlier volatile impurities 
may be removed by distillation. According to 
Verbeek’s description of the process used by 
the Vrotol Co. in Germany (Seifens.-Ztg. 1921, 
47 , 591, 633), this distillation w'as continued 
until the liquors reached the point of incipient 
crystallisation of tho contained salts ; the con- 
centrated solution (containing some 14-18% of 
glycerol) was settled, filtered and treated with 
calcium chloride and calcium hydroxide to 
precipitate the bulk of the salts present. These 
were removed by filtration, and the iron and 
calcium salts in tho filtrate were precipitated 
by the addition of sodium carbonate in the 
presence of a little solid ferrous sulphate (tho 
calcium salts might also bo precipitated as 
insoluble oxalate, cf. Vereinigte Chem. Werke, 
Altenburg and Menz, G.P. 403077), and the 
filtered solution was acidified with h 3 "drochlorio 
aeid prior to the final evaporation to “ crude 
glycerin,” Even the best crudes obtained, 
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however, did not contain more than 60% of 
glycerol, and were heavily contaminated with 
Hiilphites, thiosulphates and triincfchylene 
glyeol, etc. Kellner (Z. dent. Gel- ii. Fett-Ind., 
1020, 40 , 677) states that it was found impossible 
to prepare a pharmaceutical quahty of glycerin 
from those crudes. 

Improved inetliods for the purification and 
recovery of dynamite gl} cerin from fermented 
blackstrap molasses have been patented by Du i 
I’ont de Nemours & Co., U.S.r. 16260S0, | 
1027040, 1881718, 1936497; ll.P. 316667, 

316697, 410782, etc.; Barbet et Fils & Cie., 
B.r. 16S835, and crudes containing 75% ot 
glycerin have been produced. These are, how'- 
cver, dark in colour and contain a etmsiderable 
amount of organic imjjurities which tend to 
cau.so excessive foaming ami other dillieultics 
in the subsequent distillation. 

(Methods for the analysis of sugar fermenta- 
tion crude glycerins worked out by Cocking and 
Lilly, I'^aelnni, I^awTie and others are described 
by J- W. Lawrie, “ Glycerol and the Glycols,” 
London and New York, 1928, pp. 130-161). 

(Vinsiderablo quantities of crude glycerin, 
especially crude saponification glycerin, arc used 
in the arks for various purposes (see hcjoic). By 
far tlus largest quantities of crude glycerin are, 
however, purified by distillation, and thereby 
converted into distillled gli/cerin. In commerce, 
two kinds ot distilled glyceriii are differentiated, 
uc, distilled glycerin lor making nitroglyeenn 
(dynamite), dynainite glycrniiy and cfnmicalh/ 
pure (G.i^) glyceri'iif sometimes termed double.- 
disliUcd glycerin. 

Distilled Glycerins. — The distillation is 
most commonly carried out in a vacuum. In 
the early days of the industry, fiie-heated stiUs 
w(‘io emi)lo3'ed which remained in use to some 
extent even after the introduction of steam as a 
carrier vapour {cj. Wilson and Ikaync*, B.P 
I(i24/1854) and the devclojiment of processes for 
steam -distillation in. I'aaio {cf. O’harrell, B.P. 
3284/1881; Glark, B.P. 5348/1881). Some 
manufacturers work off a certain amount (do- 
jiending on the size of the .still) of crude glycerin 
ill one liatch. Other inanufacturors resort to 
continuous distillation, the still being fed as the 
glycerin distils ofT. 

The successful distillation of crude glycerin 
depend largely on the skill and care of tb 
operator, and altbough a considerable number of 
Hjiecial apparatus have been patented, and are 
still being patented, the suecess depends more on 
attention to details than on the particular 
apparatus einploj^ed. .and the details of the modus 
operandi in conducting the distillation arc 
considered valuable secrets. 

In the Van Uuymheke still (U.S.P. 468647-8/ 
1891; B.P. 24666/1893; G.P. 86829/1896) the 
steam is simultaneously expanded and super- 
he.atcd by passing through the coil of a pre- 
heater, before injection into the glycerin, which 
itself has been previously heated by means of 
a closed steam-coil. The supcTheatiiig coil is 
heated by boiler steam. The working of the 
Van Ruymbeke still, which is employed ex- 
tensively both in England and on the Continent, 
and is capable of “yielding a very high grade 
glycerin, is described in detail by Webb, 


‘ Modem Soap and Glycerine Manufacture,” 
famdon, 1 927. Hot-water or air-cooled jacketed 
condensers arc employed for the first fractions, 
and water-cooled condensers for the least con- 
densable “ sweet waters.” 

The condensates from the last few air con- 
densers require to be concentrated subsequently 
by evaporation to bring them to the requisite 
strength. Similarly, the last condensed ” sweet 
waters ” may be concentrated, if they contain 
luffieient glycerin to justify the treatment. 

Similar principles are involved in the Scott, 
ind the Blair, CarnjdicU and McLean processes. 

Considerable ecoiion^v in steam consumption 
is effected by the so-called “ closed systems,” 
Favoured in the United States. In the American 
Wood plant the stills are arranged in scries ; the 
I'aimurs from the first still are only cooled to 
Hueh an extent that the strongest glyeci'in Liquors 
are eonflensed, whilst the steam passes on 
through the next unit, and so on, until, at the end 
f the series, the vapours are taken through a 
W’ater- cooled condenser to the sweet-water 
collector. 

The si earn obtained from the evaporation of 
the very dilute glycerin distillates (“ sweet 
w'atens ”) is used as the beating fluid for the 
eva])orator, which m turn supplies the steam to 
be injected into the glycerin still {rf. also the 
W urster-Sangvr and (inrriguc systems, which arc 
doserihed fulJj' by J.W. l.awrie, ‘‘Glycerol and 
the Glycols,” London and New York, 1928). 

The economy of this system i.s ofiset by the 
inherent disadvantage, that volatile impurities 
jirescnt in the sweet-wrater condensitt-e are 
reinrned to the evaporator, and so rccirrulated 
throughout the whole sy.stem. The quahty of 
the glycerin obtained by this method is no better, 
and may be lower, than that jirepared by the 
Van liuymbeJce process. 

One distillation of cnido glj^eerin, especially 
in the case of soap-lye glycerin, may not give a 
satisfactory product lor nitrating purposes, 
owdng to contamination with sodium chloride and 
organic impurities (^olatih^ fatty acids and even 
polyglycerols), and a second di.st illation becomes 
imperative. 

The yield obtainable from crude glycerin 
depends, jij.st hie the distillation itself, on the 
rare of the operator. The losse.s incurred by 
faulty methods are large, and may range from 
as much as 15 to even 40%. A large proportion 
of the loss is duo to destruction of glycerol with 
the formation of volatile acids and acrolein on 
the one hand, and to the formation of poly- 
glycerols on the other. The polyglyccrols w^hich 
are formed in the course of distillation should 
remain in the still itself, and are found with the 
stiU residue {see below). 

The distilled glycerin hquors collected from 
the columns are treated with char, if required, 
to remove some organic impurities, and, at the 
same time, to clarify the glycerin and improve 
its colour. The collected and filtered glycerin 
liquors arc finally concentrated in a vacuum 
evaporator, up to the desired specific gravity. 

The commercial ‘‘ distilled gij'cerina ” vary in 
colour from yellow to white ; they also vary in 
their content of glycerol according to their 
specific gravities, W'hich range, os a rule, between 
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1-220 and 1-200. Glycfrin, puri/icd by diatib 
lation, fihoidd foiiimn onJy a very small amoufti 
of ash and is tluTeby easily distinguished from 
crude glyeoriiis. 

For the grade known as dynariiite glycerin, the 
ftpecilic gravity iniist he at least 1-201 at 15"*. 
Other commercial qualities of distilled glycerin 
need only be concentrated to a sp.gr. of l-2r)0 or 
1-240. 

The distilled glycerins described above con- 
tain, as a rule, amounts ol impurities, which 
although small, arc yet sufficiently large to 
prohibit their employment f(»r ])harniaceiitical 
and dicdctic purposes. 1'he “ rlistillcd glycerins 
must therefore be subjected to a second distil- 
lation. If this distillation be carried out with 
sufficient eure, the distillati-s give, after eon- 
eentration and treatment with ehar, the chemi- 
cally pure {C.P.} ghjceiin of commerce. 

At a time when tlio art of preparing ehemieallv 
jiure glycerin was not so far advanced as it is 
at present, some ehemieally pure glycerin was 
manufactured by allowing glycerin to crystallise, 
and centrifuging the crystals, whereby the im- 
purities wer(^ removed with that portion of 
glycerin which nutted in the centrifugal maehine. 
This process has, however, bi-en abandoned, iiot 
only on account ol its costliness, but also on 
aci-ount ol the inferiority of the product as coin- 
jiared with the best brands of chemically pure 
glycerin obtained by careful distillation, since it 
was found tliat the crystals were apt to oeeludis 
imjuirities. 

As stated above, CM’, glycerin for edible 
purposes must be virtually free from arsenic 
(r/. below), iSuch glycerin is most conveniently 
prejiared by tlio distillation of arsenic-free 
crudes. A. Langmuir (Ind. Eng. (Jhern. 1932, 
24, 378) states, however, that arsenic com- 
pounds may he effectively rtunoved from 20- 
25% distilled glycerin by agitating the hot 
glycerin with powdered cast-iron borings b^- 
means of an air-jet. In the rase ol more con- 
centrated distilled glycerin, this may be freed 
from arsenic by treating it with 0-05-0- 1% (eale. 
on the aiihyd. glycerol present) of potassium 
permanganate which has been previously dis- 
solved in Buffieieiit water ^ to reduce the con- 
centration of the glycerin to 05% ; the mixture 
is heated to 90‘5“C., made alkaline with 0-3% 
caustic soda and filter-pressed. The excess of 

^ Warning: If concentrated glycerol coiucb into con- 
tact with dry potasBiiini pcrrnanganalc, even in the 
cold, the mixture IgniteR 8[)ontaneonHly with the pro- 
duction of ail Intiuisely hot flame and red hot residue 
(Langmuir, l.c. ; see p. 50). 


alkali serves to liold back volatile fatty acids 
during the subsequent distillation. 

Electro -osmotic processes of decolorising and 
purifying glycerin have been patented (B.P. 
144727, 145046, 146866, of 1920). 

Chemically pure glycerin is obtainable in 
commerce in the following “ strengths ” : sp.gr 
1-24, 1-25 and 1-26. That of the highest specific 
gravity approaches, as nearly as is possible for 
a product made on a large scale, the chemical 
substance glycerol. 

Glycerol (pure glycerin) is a hygroscopic, 
odourless, colourless, highly viscid liquid, having 
a sweet taste. The preparation demanded by 
the Pharmacojiceias of different countries is the 
purest commercial article, which consists 
practically of glycerol containing a very small 
amount of water. Glycerol is optically inactive, 
and is neutral to litmus. On exposure to 
intense cold for a prolonged time it crystallise/^ 
in rhombic bisphenoid forms (see Lang, Poggen-' 
dorff’s Ann. Phys. Chem. 1874, 152 , 637;' 
cf. Ilcnninger, Bull. Soc. chim. 1875, [ii], 23 , 
434). By seeding with a few crystals, large 
quantities of glycerol can easily be solidified at 
a temperature even above the freezing-point of 
\vat€*r. The freezing-points of aqueous glycerol 
H(»lulion are shown in Table XV (p. 64). 

The crystals have m.p. 18®t^ (Sampsocn, 
(iompt. rend. 1926, 182, 846; cf. Gibson and 
Gianque, J* Amor. Chem. Soc. 1923, 45, 93; 
confirmed byl^iishin and Glagoleva, J.C.S. 1922, 
121, 2818). The latter authors find glycerol to 
have a eryoseopic constant of approximately 3-1 . 

Glycerol is oily to the touch, and produces on 
the skill, especially on the mueoiis membrane, 
the sensation of heat, owing to its absorbing 
moisture from the tissues. The water-absorbing 
power of gly(*erol is so great that, on exposure 
to Ihe atmosphere, it takes up as much as 50% 
of its weight of water. 

The determination of the specific gravity of 
pure glycerol has been attempted by many 
workers (Kailan, Gcrlarh, Skalwcit, Lenz, 
Strohmer and others), whoso results show eoii- 
siderable disagreement, which is due, no doubt, 
to the difficulty of removing the last traces of 
water. The values of 1-26414 at 15°/4° found by 
Kalian (Z. anal. Chem. 1912, 51 , 81) and 
l-2(i533 at 15-5'’/15-6” by A. C. Langmuir (Ind. 
Eng. Chem. 1921, 18 , 944), are in good agree- 
ment with those recorded by other chemists 
and with the figures published by Bosart and 
Snoddy [ibid. 1927, 19 , 506 ; 1928, 20 , 1377) and 
reproduced below (Table II). 


Table 11. — Specific Gbavity and Density of Pure Glycerol (Bosart and Snoddy). 


Speeifle gravity at 

I57ir,". 


207207 

2.'i7257 

Apparent sp.gr. (in air) . 

True sp.gr. (weighings re- 

1-26557 

1-26532 

1-26362 

1-26201 

duced to vacuum) . 

1-26526 

1-26501 

1-26331 

1-26170 

Absolute density * . . . 

1-26415/15° 

l-26381/15-5° 

1-20108/20° 

1-25802/26° 


^ Bp.gr. related to water at niaxlmuTii density, all weighings being reduced to vacuum. 
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V'alues for the specific gravity of aqueous 
glycerol solutions at and 20°/2U° deter- 

mined by Bosart and Snoddy arc shown in 
Table III ; full tables showing apparent sp.gr. 
at 15 o°/15-5° and 25°/25'’, true specific gravities 
[in vacuo), absolute densities and coefficients of 
expansion of glycerol solutions are given in the 
original papers. 


The figures of Bosart and Snoddy were 
Obtained as the result of a most careful and ex- 
haustive investigation, and must be regarded as 
the most trustworthy data at present available. 
They agree closely with results obtained in the 
Eastern Laboratory of the E. I. Dii Pont do 
Nemours Co. from which Table IV has been 
constructed. 


Table III. — Specukk’ Gravity of Glycerol Solutions (Bosait and Snoddy). 


(Jlycerol % 
by weight. 

Apparent spoclfli 

■v ^ (in air). 

Olvcernl % 
by weight. 

Apparent .specific gravity^ (in air). 

]()() 

1 571.0'^ 

1 ■26557 

1 263(i2 

50 

ir»715‘‘ 

1-12985 

20720 ” 

1 12845 

PP 

1-20300 

1-20105 

49 

1 12710 

1-12570 

98 

1-26046 

1 25845 

48 

1-12440 

1-12300 

97 

1-25785 

1 25585 

47 

1-12165 

1-12030 

9(i 

1-25525 

1-25330 

46 

1 11890 

1-11760 

Pf) 

1 -25270 

1-25075 

45 

1 11620 

MI490 

94 

1-25005 

1-24810 

44 

1-11345 

1*11220 

p:i 

1-24740 

1 24545 

43 

1-1 1075 

1-10950 

92 

1-24475 

1-24280 

42 

1-10800 

1-10680 

91 

1-24210 

1 24020 

• 41 

1-10525 

1 10410 

90 

1-23950 

1-23755 

40 

M0255 

1-10135 

89 

1-23680 

1-23490 

39 

1 09985 

1-09870 

88 

1-23415 

1 23220 

38 

1 097 15 

1-09005 

87 

1-23150 

1-22955 

37 

1-09445 

1-09335 

89 

1-22885 

1 22690 

36 

1-09175 

1-09070 

85 

1-22620 

1-22420 

35 

1-08905 

l-()8806 

84 

1-22356 

1-22155 

34 

1-08635 

1-08535 

83 

1-22090 

1-21890 

33 

1-08365 

1-08270 

82 

1-21820 

1-21620 

32 

1-08100 

1-08005 

81 

1-21555 

1-21355 

31 

J -07830 

1-07735 

80 

1-21290 

1-21090 

30 

1-07560 

1 -07470 

79 

1-21015 

J -2081 6 

29 

1-07295 

1-07210 

TU 

1 .007 /in 

1-20540 

28 

1-07035 

1-06950 

77 

1-20465 

1-20270 

27 

1-06770 

1-06690 

7() 

1-20190 

1-19995 

26 

1-06510 

1-06435 

75 

M9915 

1-19720 

25 

1 06250 

106176 

74 

1-19640 

1-19450 

24 

1-05985 

1-05915 

73 

1-19365 

1-19175 

23 

1-05725 

1-05655 

72 

1 19090 

1-18900 

22 

1-05400 

1-05400 

71 

1-18815 

1-18630 

21 

1-05200 

1-05 140 

70 

1-18540 

1 18355 

20 

1 -04935 

1 04880 

()9 

M8200 

1-18080 

19 

1 -04685 

1 04630 

08 

1-17985 

1-17805 

18 

1-04435 

1 04 380 

07 

1-17705 

1 17530 

17 

1-04180 

1-04136 

fiO 

M7430 

1-17255 

16 

1-03930 

1-03885 

05 

1-17155 

1-10980 

15 

1-03675 

1 -03636 

04 

1-16875 

1-16705 

14 

1-03425 

1-03390 

03 

1-16600 

1-1(}430 

13 

1-03176 

1-03140 

02 

1 -16320 

M6155 

12 

1-02920 

1-02890 

01 

M6045 

1-15875 

11 

1-02670 

1-02640 

00 

1-15770 

1-15605 

10 

1 02415 

1 -02395 

69 

1-15490 

1-15325 

9 

1-02175 

1-02155 

68 

1 16210 

1-15050 

8 

1-01935 

1-01915 

67 

1-14935 

1-14775 

7 

1-01690 

1-01675 

56 

1-14655 

1-14500 

6 

1-01450 

1-01435 

55 

1-14375 

1-14220 

5 

1-01210 

1-01195 

64 

1-14100 

1-13946 

4 

1-00965 

1-00955 

53 

1-13820 

1-13670 

.3 

1-00725 

1 00720 

62 

1-13540 

1-13395 

2 

1-00485 

1 00480 

51 

1-13206 

1-13120 

1 « 

1 1-00240 

1-00240 


Accurate to the nearest 5 in the Jith place. 


VoL. VI.— 4 
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Table IV. — w/m; Per Cent. Oi-vrEROL OiRR^spoNDiNG to Specifk; Gravity at 15-6‘'/15-6^ C.^ 


Sj)- gr. 


1. 

2 


4. 

5. 

0. 

7. 

8. 

1-252 







95 00 

95-03 

95-07 

95-11 

95-15 

J 253 

95-23 

95 27 

95 31 

95 35 

95 39 

95-43 

95-40 

95-50 

95-54 

1 -254 

95-02 

95 05 

95 09 

95 73 

95-77 

95-80 

95-84 

95-88 

05-92 

J-255 

90-00 

90-03 

9(i-07 

90- 11 

90 15 

90-19 

90 23 

90-20 

90-30 

1 -250 

90-38 

90-42 

90 40 

90 50 

90-54 

90-58 

90-02 

90 00 

90-70 

1-257 

9t) 78 

90-82 

90-80 

90 90 

90 94 

90-98 

97-02 

97-05 

97 09 

J 258 

97-17 

97-21 

97 24 

97-28 

97-32 

97-3f5 

97-40 

97-44 

97-48 

I -259 

97 50 

97-00 

97-04 

97-08 

97-72 

97-70 

97-80 

97 84 

97-88 

1 200 

1)7 90 

98-00 

98-03 

98-07 

98-11 

98-15 

98- 19 

98-23 

98-20 

J-2fil 

98-34 

98-38 

98 41 

98-45 

98-49 

98 53 

98-57 

98-00 

98-04 

I 202 

98 72 

98-70 

98 80 

98-84 

98-88 

98-92 

98-90 

99 00 

99-03 

1 203 

9!»11 

!t915 

99-19 

99-22 

99-20 

99-30 

99-34 

99-37 

99-41 

J-201 

99 49 

99-53 

99-50 

9{1-00 

99-04 

!190S 

99-72 

99-70 

99 80 

J-205 

99-88 

99-92 

99 90 

lOO-OO 

— 

— 

— 

— 

— 


^ JJu J‘ont dr JS'oiiioura A: Co, ivproduced through J, \V, Lawiic, “ (jllvicjrol and the CJJyculs,” j). -Ul. 


The Hpecifio j^ravity <]uta of PoHart and Snoddy 
KHperHodo those of the curlier investigators, in- 
cluding Gerluch, whose tables have gain(‘»l wide ' 
currency in the jiast ; ]{osart {ihui. 1021, 13, 
O'M ; and l.c.) has shown that, w'hilst GiTlach's 
sp.gr. at 15 /15'^' are sufllciently accuiate to he 
usable foj technical juirposes, his table of values 
at 2t)7-0‘' must be discarded entirely. 

Provided a sjiecinieii of C.P. glycerol satisfies 
the (|ualitalive tests for jniiity described on 
]). TiSr, the pioportion of glycerol in it may be 
deduced from a determination of the specific 
gravity by the pyenometrie method with the heJ]) 
of the tables referred to above. 

The variation in the late of evpansion^ 
of solutions ot glycerol with temperature (i.r 
the changi' in specific gravity with tcmpiua- 
ture) IS shown in Table V (Uosait and 


Tabi.e V. — Kate of IXcansion of 
Glycerol Soh'Tjutm.s (Ilosart and Mnoddy) 


standard temperatures, to use the fju'tor eorre- 
apoiidnig to the teiiiperatnrc at wliieli the deter- 
mination is made. 

The following formnlie have been eoinpnted 
by Kosait and Snoddy for the purjiose of cal- 
culating the s])e('ifir gravity of glycerol solutions 
at 15“/ 1 5*^’ and 25"/2r) ’ vhen the actual deter- 
luniation has been made at another experi- 
mental tinnpcratuiT : 

(i) Tor calculating from a higher to a lower 

temperature — 

rt^y-l-Kr(T™-f) 

c 

(ii) For calenlatiiig from a lower to a higher 

teinperatwre — 

c/c— KffT-f) 
a-. 

\>hcre a sp gr. of glycerol at 

d=- „ ' „ r/r. 

h .sp.gr. of water at T". 

i- C. 


Oljcerol, 

cone(‘ii- 

tnitioii 

Change la spcf-ifle gravity per "*0. 

ir)-20 

15-25'' 

20- 25". 

JOO 

0 0000 jr» 

0 000615 

0 000610 

1)7 5 

0 000020 

0 00061.5 

0 000005 

t)r> 

o-oooturj 

0 000615 

0 000615 

90 

0-000010 

0 000615 

0 000620 

HO 

0 000620 

0 000615 

0 000610 

70 

o-oooriHo 

0 000570 

0 000565 

t)0 

0 000540 

0 000545 

0 000.550 

no 

0 000-185 

0 000405 

0 0110510 

40 

0 ooo4:to 

0 0004 35 

1 0-00044.5 

:io 

0 000270 

0 000.385 

0 000400 

20 

0-000300 

0 000315 

0 000325 

10 

0-000230 

0 0002.55 

0 000280 

0 

0 000180 

0 000205 

0 000230 


Snoddy, ihld. 1927, 19, 500 ; r/. Heliner, J.S.C.I. 
1889, 8, 8; Gerlaeh, Z. anal, Chem. 1885, 24, 
111 ; Comoy and Backus, J. Ind. Eng. Chem. 
1910, 2, 11); hence it is necessary, when cor- 
recting epecific gravities from experimental to 

^ Bosart and Snoddy adopt the expression “ rate of 
expansion " to denote the rate of cliangc of the specific 
gravity per degree of teiniierature In order to avoid 
confusion with the true " coefficient of expansion,” 
which applies only to the change of volume with 
temporature. 


B- change in sji gr, of glycerol per 
T^higher temp, of sp.gi. delermiiiation. 
f lower ,, ,, ,, 

Analogous formuhe and tables are given by 
(Forney and Backus (Is.). For dynamite gly- 
cerins, round figures lor the values of the 
average rates of expansion, viz. O-OOUGl, 
0-000015 and 0 00002 at 20“, 25“ and 30'' respec- 
tively, are convenient to remember and sufli- 
eiently aeeurute for most practical purposes. 

In cases when the volume of the available 
sample does not permit of accurate deter- 
mination of speci/ie gravity, the content of 
glycerol may be derived from the refractive index 
of the specimen. The Abbe refractometer is 
convenient and rapid in use and only requires a 
tew drops of material, but the reading is of some- 
what doubtful accuracy in the fourth place 'T 
decimals so that refractive indices determined 
with this instrument must bo regarded as a less 
accurate indication of the concentration of 
glycerol solutions than determinations of specific 
gravity (Hoyt). More accurate results (per- 
mitting the determination of concentration to 
wdthin 0-1%) can be obtained by the use of the 
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Table VI. — Refractive Index of Glycerol Sot.utions at 15‘"C. (Skalwoit) and 

20°±0-5‘’ (»oyt). 


s* 

o 

o so 
t"Z 

p eS o 

.C ^ 

ee „ 

^1- 

grt 

C/J 

es 

C "aj 

r-3 

U 

ee ^ 

llefractivc index at 
20° (Hoyt). 

0 

I -0000 

1 3880 

1 88803 

1 

1 0024 

1-8842 

1-38416 

o 

1-0048 

1 8854 

1 83530 

a 

1 0072 

1-8800 

1-88045 

4 

1 -0090 

1-8878 

1 88702 

5 

1-0120 

1-3890 

1-38880 

(j 

1 0141 

1 8402 

1-88999 

7 

1-0108 

1-8414 

1-84118 

8 

1-0192 

1 3420 

1-34238 

9 

1-0210 

1-8489 

1 81359 

10 

1-0240 

1-8452 

1-84481 

11 

1 0205 

1 8404 

1 84004 

12 

1-0290 

1-8477 

1-84729 

111 

1-0815 

1-8490 

1 84881 

14 

1 -0840 

1 -8503 

1-84980 

ITi 

1 -0805 

1-3510 

1-35100 

10 

1 0890 

1-8529 

1 85228 

17 

1-0415 

1 8542 

1 85.801 

18 

1-04-10 

1-8555 

1 85490 

10 

1-0405 

1 8508 

1-85019 

20 

1 0490 

1-8581 

1 -85749 

21 

1 0510 

1 8594 

1 85879 

22 

1-0542 

1-8007 

1-80010 

2H 

1-0508 

1-8020 

1-30141 

24 

1-0594 

1-8088 

1 80272 

25 

1-0020 

1-3047 

1 80404 

20 

1-0040 

1 8000 

1 30580 

27 

1 0072 

1-8074 

1-80009 

28 

1-0098 

1-8087 

1 -8(i802 

20 

1-0724 

1-8701 

1-80930 

110 

1-0750 

1 3715 

1-87070 

111 

1 0777 

1 -8729 

1-87204 

112 

1 -0804 

1 8748 

1 -87888 

811 

1-0881 

1-3757 

1-37472 

:i4 

1 -0858 

1-3771 

1 -87000 

85 

14)885 

1-3785 

1-37740 

80 

1 0912 

1-3799 

1 37874 

87 

1-0989 

J-8813 

I -38008 

88 

1-0900 

1-3827 

1-88148 

89 

1-0993 

1-3840 

1-88278 

40 

1-1020 

1-3854 

1-38413 

41 

1-1047 

1-3808 

1-38548 

42 

1-1074 

1-3882 

1-38083 

43 

MlOl 

1-3890 

1-38818 

44 

1-1128 

1-3910 

1 38953 

45 

1-1156 

1 3924 

1-39089 

40 

1-1182 

1 3938 

1-39227 

47 

1-1209 

1-3952 

1-39368 

48 

1-1236 

1-3960 

J -39513 

49 

1-1203 

1-3981 

1-39660 

50 

l-129(r 

1-3996 

1-39809 


S 

_o 

"c 

cl si 

o " 

C 

u ^ ^ 

d o 
-po 

^^Z 

r/i 

Refractive index at 
13° (Skalveit). 

K 

CJ 

73 

C 

> O 

■'SB 

e3 , 

P 

51 

1-1818 

1-4010 

1-:)!)95S 

52 

1-1840 

1 -4024 

1 40107 

53 

1-1871 

1-4089 

1 40250 

54 

1-1402 

1 4054 

1-40405 

55 

1-1480 

1 -4009 

1-40554 

56 

M45H 

1 1084 

1-40708 

57 

1-1480 

1- 1099 

1-40852 

58 

1 1514 

J-4101 

1-41001 

59 

1-1542 

I 4 1 29 

1-411.50 

00 

M570 

1 4N4 

1-11299 

01 

1 1599 

1-4100 

1 11448 

02 

l-h)28 

1 4175 

1 41597 

03 

1 1()57 

1 41!)0 

1-11740 

(i4 

1 1080 

1 -4205 

1-4189') 

05 

1 1715 

1 1220 

1 42044 

00 

1 1748 

1 4285 

1 12198 

07 

1 1771 

1*4250 

1 42842 

1)8 

1 1799 

1 4205 

1-42491 

09 

1 1827 

1 4280 

1 42040 

70 

1 1855 

1-4295 

1 42789 

71 

1 1882 

1-4809 

1 42988 

72 

1 1909 

1-4821 

I-480H7 

73 

1 1980 

1-4889 

1-48280 

74 

1 1-1908 

1 4854 

1 -48885 

75 

1-1990 

1 1-4809 

1 -48584 

70 

1-2017 

1 4884 

1-48088 

77 

1-2044 

1-4899 

I 48882 

78 

1-2()71 

1-4414 

1-48982 

79 

1 2098 

1-4429 

1-41185 

80 

1-2125 

1 4444 

1 44290 

81 

1 2152 

1-4400 

1-^4-150 

82 

1-2179 

1-4475 

1-44012 

83 

1 2200 

1-4490 

1-44770 

84 

1-2288 

I • 1505 

1-44980 

85 

1-2200 

1 1520 

I - 15085 

80 

1-2287 

1 4535 

1-45287 

87 

1 2814 

1-4550 

1 45889 

88 

1-2841 

1 4505 

1 45.589 

89 

1-2808 

1-4580 

1 45089 

90 

1 2895 

1 4595 

1 45889 

91 

1-2421 

1-4010 

1-46980 

92 

1-2447 

1 4025 

1-40139 

93 

1-2478 

1-4040 

1 -40290 

94 

1-2499 

1-4055 

1-40448 

95 

1-2525 

1-4070 

1-40597 

90 

1-2550 

1-4084 

1-46752 

97 

1-2575 

J -4098 

1-46909 

98 

1-2000 

1-4712 

1-47071 

99 

1-2625 

1-4728 

1-472.34 

100 

'' 1-2650 

1 4742 

1-47399 
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dipping or immersion refraotometer. Tin* original 
ZeiHH iuHtriiment did not alJow of tenting mov* 
concentrated BoliitioriH than thonc containing 
2ti% of glycerol,^ but improved modern types 
with interchangeable priHins, such as that used 
by Hoyt for the dctcnninations reproduced 
below, enable accurate incasurcincntH to be made 
over the whole range of solutions from 0 to ltM)% 
glycerol. 

The ligurcH for refracli\c indices at 20' (\ 
shown in Table VI have been computed by 
Hoyt (Ind Kng. ('hem. 10114, 26, .'129) from the 
results of the examination, by means of such an 
jinmiTNiori rcfractometcr, of 110 samples of 
diluted glycerin solutions yircjiarcd from h highly 


purified specimen of double -distilled C.P. gly- 
eerin. There have been included in the same 
table values for the refractive indices and 
speeifie gravities of glycerol solutions at 15“C., 
published by Skalweit (Rep. anal. Chem. 1885, 
5 , 17) ; tins author used an Abbe refraotometer, 
the experimental observations being made on 
“ niinicrouH diluted samples ” prepared from 
crystallised glycerol. Wagner’s table of re- 
fractive indices of dilute glycerol solutions 
(u7e%) at 17-5'^’C\ determined by means of a 
Zeiss immersion refraotometer is shown in 
Table Vll (from Wagner, “ Immersion Refracto- 
meter Tables,” 1907, p. 4(1, Table 70; repro- 
duced through Hoyt, Oil and Soap, 1923, 10 , 43). 


Tami.k VII.— Rplfractivk Index of Dilute Glycerol Solutions { wjv %) at 17'5°C. 

(Wagner). 


Scale 

reading, 

' /clss. 

hcriactiM' 

index. 

U\V "o 
glycerol, g 
per 101) e 

Se.-ile 1 
n-iiding, 

' Zeiss 

Kelractlve 

index. 

V'lv . 

glycerol, g 
per 100 c.e 

Scale 

rending, 

" Zeiss. 

Ilefrat-tive 

index. 

iojv 

glj'cerol, g. 
\)vr 100 e e 

1,7 

1 33320 

0 00 

46 


10 01 

76 


19-48 

16 


0 33 

47 


10 .33 

77 


19-79 

17 


0 66 

48 1 


10 65 

78 


20 10 

IK 


0-99 

49 


10-96 

79 


20-41 

19 


1 32 

.50 

1 31650 

11-28 

80 

1-35750 

20-72 

20 

1-33.513 

1 64 

51 1 


11 -.59 

HI 


21-03 

21 


1 97 

52 


11-91 

82 


21-34 

22 


2 29 

53 


12-22 

83 


21-65 

23 


2-62 

54 


12 .5 4 

84 


21-96 

24 


2-94 

55 

1 34836 

12-86 

85 

1 35930 

22-27 

25 

1 .33705 

3 27 

56 


13-17 

86 


22-58 

26 


3 59 

57 


J.3-49 

87 


22-89 

27 


3 92 

58 


13 HI 

88 


23-20 

28 


4 21 

59 


1 14-12 

89 


23B(» 

29 


4-56 

60 

1-35021 

14-44 

90 

1 .36109 

23-81 

30 

-33896 

4-88 

61 


14 75 

91 


2412 

31 


5-21 

62 


15-07 

92 


24-43 

32 


5 53 

63 


15-38 

9.3 


24-73 

33 


5-85 

()4 


15-70 

94 


25-04 

34 


1 617 

65 

1 35205 

16 02 

95 

1-36287 

25-35 

35 

1-34086 

6-49 

6(i 


16-33 

96 


25-66 

36 


6 81 

67 


16-65 

97 


25-96 

37 


7 13 

68 


16-96 

98 


26-26 

38 


7-45 

69 


17-28 

99 


26-57 

39 


7-77 

70 

1-35388 

17-.59 

100 

1 36464 

26-88 

40 

1-34275 

8-09 

71 


17 91 

101 


27-18 

41 


8-41 

72 


18-22 

102 


27-49 

42 


8-73 

73 


18.54 

103 


27-80 

43 


9-05 

74 


18-85 

104 


28-11 

44 


9-37 

75 

1-35.569 

19-16 

105 

1-36640 

28-41 

45 

1-;14463 

9 69 




106 


28-72 


Table VIII, due to Hoyt {l.c. 1934), shows the 
refractive index of pure glycerol at various 
temperatures. 

The figures given imply a temperature co- 
efficient for the refractive index of 99-84% 
glycerol averaging -0-000225 per 1°C. over the 
range 10-20®C. This is somewhat lower than 
the figures of 0-(X)028/1°0. and 0 00026/ FC. 

^ It 1 r not pcrmisBible to dilute concentrated glycerin 
with a known amount of water to a lower percentage, 
and then to dettTuiliie the refractive Index, inasmuch 
as contraction takes place on mixing glycerin with 
water {uee p. 532^). 


over the range 12-5-17-5‘^C. reported by W’^olff 
(Z. angew. Chem. 1919, 32 , 1, 148) for glycerol of 
86% and 77% concentration respectively ® : 
Van der Willigen (Fortschr. d. Pliysik, 1869, 25 , 
288) gives temperature coefficients of refractive 
index varying from — 0-0(K)21/l''C. for glycerol 
of approx. 45% concentration to -0-(XX)25/l°C. 
for a 90% (approx.) glycerin. Listing {ibid, 
1869, 25 , 294) reported a change in refractive 

■ The concentrations mentioned here and in the next 
few lines are computed from tlie siiccific gravity data 
given by the orlginat authors, with the aid of the Bosart- 
Siioddy tables. 
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Table VIII. — Refractive Index of Pure 
Glycerol (99-84%) at Various Tempera- 
tures (Hoyt). 


Temp., 

llefractive index, 

"C. 

«D- 

10-2 .... 

. . . . 1-47592 

11-2. . . . 

. . . . 1-47575 

12-2 . . . . 

. . . . 1-47552 

12-8 . . . . 

.... 1-47530 

13-8 . . . . 

. . . . 1-47512 

15-0 . . . . 

. . . . 1-47485 

15-8 . . . . 

. . . . 1-47404 

17-0 . . . . 

.... 1-47418 

18-0. . . . 

. . . . 1-47408 

2()-() . . . . 

.... 1-47307 


index of —0-00032 per *^0. for glyeerol of about 
90% concentration . The temperature eoeATicient 
of the refractive index of glycerol Holutions is 
obviously a lunction of concentration and hence 
would be expected to become numerically 
smaller as the dilution increases, siiu'e the 
average temperature coefficient of refractive 
index of pure water is - 0-000081 per PC. over 
the range 10-20°C. 

Glycerol bods at 290" (corr.) under 760 min. 
(759 7 mm. corr.) pressure (Mcndelcef, Annalen, 
1800, 114 , 167 ; cf. Gerlach, Z. anal. Cheni. 
1885, 24 , 110) with only shght decomposition; 
it distils unchanged under considerably reduced 
jiressiire, and table IX contains the most tiusi,- 
worthy observations of the b-ii. of glycerol 
under reduced pressiircs (rf. also Richardson, 
1880, 49 , 746; Kailan, Z. anal. (Wm. 
1912, 51 , 81): 


Table IX. 


Pressure, 

Boiling-poini 

mill 

"0. 

385-33 

200-4 

347-10 

257-3 

231-87 

250-3 

201-23 

241-8 

100-81 

220-3 

60-00 

210-0 

45-61 

201-3 

30-00 

191-8 

20-46 

183-3 

12-50 

179-6 

10-00 

167-2 

6-53 

161-3 

5-00 

155-5 

0-24 

118-5 

0-056 

115-110 


Glycerol is miscible with water in all propor- 
tions. The mixing is accompanied by a con- 
traction of volume and an increase of tempera 
l ure. The greatest increase of temperature, viz, 
5°, is observed when 68 parts of glycerol (by 
weight) are mixed with 42 parts of water ; the 
greatest contraction is 1-1% (Gerlach). Glycerin 
can be completely freed from water by allowing 
it to stand in vacuo over sulphuric acid for a 
prolonged period. 

Glyeerol does not volatilise at the ordinary 
temperature, but from concentrated solutions 
appreciable quantities volatilise with water 
vapour at 100°. 


I The vapour pressure of a dilute solution of 
glyeerol falls as its normal boiling point iii- 
reases. Since glycerol and w’at;er are miscibh* 
in every proportion, the composition of the 
escaping vapours cannot be calculated according 
to Dalton’s law% but must be derived from 
tual observations. Gerlach determined, by a 
barometric method, the vapour pressures gi\en 
in Table X. 


Table X. — VArouii Pressures of Giacerol 
AND OF Aqueous Solutions of Glycerol 
(Gerlach). 


Olyct-rol 

Water 

H.p. at 700 
mm. pn-s.Miri-, 

Vapour pres- 
sure at 100 U 
mm. of 
mercury. 

1(H) 

0 

290 

04 

99 

1 

239 

87 

98 

2 

208 

107 

97 

3 

188 

120 

90 

4 

175 

144 

95 

5 

1(14 

H)2 

94 

() 

1.50 

180 

9.3 

7 

1 .50 

198 

92 

H 

145 

215 

91 


141 

231 

‘)0 

10 

138 

247 

89 

" 

135 

203 

88 

12 

132-5 

279 

87 

13 

130 5 

295 

80 

U 

129 

311 

85 

15 

127-5 

326 

84 

10 

120 

340 

83 

17 

124 5 

355 

82 

18 

123 

370 

81 

19 

122 

384 

80 

20 

121 

396 

79 

21 

120 

408 

78 

22 

119 

419 

77 

23 

118-2 

430 

70 

24 

117-4 

440 

75 

25 

110-7 

450 

74 

20 

110 

460 

73 

27 

115 4 

470 

72 

28 

114-8 

480 

71 

29 

114-2 

489 

70 

30 

113-0 

496 

65 

35 

111-3 

553 

60 

40 

109 

565 

55 

45 

107-5 

593 

60 

50 

100 

618 

45 

55 

105 

639 

40 

00 

104 

657 

35 

05 

103-4 

676 

30 

70 

102-8 

690 

25 

75 

102-3 

704 

20 

80 

101-8 

717 

10 

90 

100-9 

740 

0 

100 

100 

760 


Up to a concentration of about 50%, no 
glycerol escapes with the water vapours, even 
if the dih^e solutions be kept boiling for a 
prolonged time. At a concentration of about 
70%, traces of glycerol escape from the boiling 
solution (Hehncr, Analyst, 1887, 12 , 66). The 
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Table XI. — Absot-ute Viscosities (Cbi^tipoises) of Glycerol Solutions (Sheely). 
(K\j)»‘rJnu'iifHJ (Ja<n : liitf-rpolatf'd vaJiit'S /or every J0% glycerol shown in black type.) 


IN-r cent 
(j]> ccrol. 

20 

0-0 (w ulc-i ) 

1 005 

3-85 

MO!) 

7 31 

1 216 

100 

1 311 

10-58 

1 331 

14-13 

1 478 

17 40 

1 634 

19 79 

1-756 

20 0 

1 769 

23-55 

1-995 

27 98 

2 323 

30 00 

2501 

30 44 

2-545 

33-11 

2 822 

3<i 29 

3 207 

! 39 02 

3-595 

1 400 

3750 

41-60 

4-029 

i 44-78 

4-6iiS 

; 48 20 

5 518 

1 50 0 

6 050 

! 51 33 

6 516 

i 54 10 

7-600 

55 59 

8-282 

; 57-12 

9-092 

58-7-1 

10 070 

59 74 

10 787 


MIK) 

ir.Li 

17-89 
22 94 
2;i-3r) 
28-57 
35 1 1 
38-98 
47-97 
57-79 
62 0 
70 28 
85-73 
103-17 
131-08 
140 42 
172-2 
231-0 
234 6 
208-0 
337-9 
375-0 
442-3 
481-7 
545 0 
505 0 
618-5 
671-6 
724-0 
783-5 
0860 
1158 
1385 
1499 



7- 494 

8- 209 
9 074 
9 079 
9 83 

10- 793 

11- 042 
13-35 
13-40 
15-80 
20 23 
20-53 
24-98 
30-57 
33 80 
41 41 
49 52 
62 77 

00-08 
72-75 
87 23 

110-20 

117-87 

143-4 

191-5 

1946 

220-5 

276-5 

306-8 

359-9 

390-7 

4438 

457-6 

499-5 

542-1 

582-9 

Q29-6 

789-9 

9260 

1102 

1186 


Viscosity (centlpoises) at 


0893 

0 981 

1 -073 
1 153 

1-172 

1-295 

1- 428 
1 -530 

1 542 
1*731 

2- 007 

2 157 

2-191 

2- 420 

2 741 

3 054 
3 181 

3- 107 

3- 927 

4- 611 
5 041 

5- 409 
ti-26t> 

6- 804 

7- 447 
K-1H4 

8- 756 

8- 823 

9- 731 

10-473 
11 96 

12-05 
14-12 
1796 
18 21 
22-03 
26-81 
29-61 
36 08 
42-85 
45 86 
51-90 
62-53 
74-50 
93-52 
99-86 

120-9 
160-6 
1636 
183-8 
229-2 
254-7 
295-9 
321 5 
8660 
374-9 
408-3 
441-8 
474-8 
612-3 
636-8 
747-0 
884-0 
9450 
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boiling-point of such a solution is 113’6® {see 
table). Above this concentration, noticeable 
amounts of glycerol escape, so that the quantita- 
tive determination of glycerol in an aqueous 
solution by evaporating it down on the water- 
bath leads to faulty results. Even if the con- 
centration of glycerol solutions bo carried out 
in vacuo, considerable iiroportions of glycerol 
escape with the water vapour when the con- 
centration of the solution ovcecds 80% ( Lewko- 
witsch). 

On heating glycerol slowly in a platinum dish 
to 150-100'', it evaporates gradually without 
leaving a residue ; at 150" it will bum with a 
bluish non-ill minous flame w'ithout emitting any 
odour. If, however, glycerol is heated rapidly 
in a platinum dish, it burns w itli formation of 
acrolein, and yields a residue consisting of 
jiolygJycerols. 

Viscosity of Aqueous Glycerol Sol ul ions . — The 
most ac('iirato figures for the viscosities of 


aqueous glycerol solutions appear to bo those of 
fthoely, whoso experimental values are repro- 
duced in Table XI (a full table, prepared by 
interpolation, is given in the original memoir, 
Ind. Eng. Chem. 1932, 24, lOtiO). The concen- 
trations of the test-solutions w ore deduced from 
the observed specific grav ities (not quoted) by 
the help of the Bosart and Snoddy tables. The 
viscosities found agree fairly closely with the 
few experimental values of Archbiitt and 
Docley (“ Taibrication and Lubricants,” 5th cd., 
London, 1927, p. 19li), but diverge ajipreciably 
from figures given by Herz and Wegner (Z. dcut . 
Oel- n. Eett-lnd. 1925, 45,401), particularly lor 
the higher ( onccntratioMs, at which the dis- 
crepancy may amount to 5-10%. Although the 
accuracy ol the Her/, and Wegner figures is under 
qiicBtion, it has boon thought advisable to 
reproduce their table of relative viscosities (sec 
Table XII) since this covers a wndo range of 
temperatures, for wdiicb no other figures arc 


Tahli: XTf. — KFXATrv'K Vibcositiks of Aqueous Gi.yueroi. Solutions as coMrAiiEn 
WITH Watkr. (Ilorz and Wegner, Darke and Lewis.) 


wt. 

(ilvcerol. 

TcinjxTature "'('. 

llcrz 

C'oirectcd 











and 

VlllllCH. 

1 = 2 

Kr 

15“ 

20" 

30^ 

•10" 

.50" 

00“ 

TO" 

80“ 

Wrgnor. 

SllCL'lv.^ 











JO 

9-77 

1 360 

i 344 

1-331 

1 321 

1 275 

1 27 4 

1 272 

1 216 

J 212 

1 189 

20 

19 

1 902 

1 870 

1 -857 

1 834 

] 753 

1 030 

J 598 

1 518 

1 402 

1-445 

30 

29 06 

2 6J3 

2 003 

2‘.5.58 

2 .503 

2 358 

2-210 

2-OKO 

1 994 

1 875 

1 835 

JO 

39 83 

4 320 

4 175 

4 023 

3 858 

3 516 

3 1 98 

2-958 

2 020 

2 495 

2 342 

r>o 

.50- 12 

7-195 

0-775 

0 250 

.5 892 

5 100 

4-021 

4 191) 

3 835 

3 100 

3-330 

(U) 

,59-94 

1.3 150 

12 27 

11 20 

10 28 

8-807 

7 508 

0 712 

5 904 

.5 359 

, 5 004 

70 

09-98 

34 230 

30 82 

26 90 

24-11 

18 12 

14 10 

12 14 

10-11 

8 742 

7 801 

80 

79 85 

100 380 

88-40 

74-23 

63 31 

43 67 

30-7.5 

24 20 

19 41 

15 90 

11 46 

85 

84’81 

1 90 4 

151 4 

144-2 

99 05 

66 84 

47 97 

35 30 

27-00 

21-06 

17 .52 

88 

87-62 

274-0 

230 5 

181-3 

145-8 

99 '63 

08 10 

40 77 

35 50 

26-48 

21-32 

90 

89 30 

419 4 

324 0 

254 3 

194-3 

123-5 

86-40 

0 L 00 

43-81 

32-08 

25 25 

92 

91 -60 

— 

173 3 

.374-1 

283 0 

186-4 

110 4 

77 24 

50-50 

39 42 

3() 64 

Water viacositv in\ j 
cenhpoiHi'S ^ j | 

- 

1 3001 

1 1100 

1 0040 

0 8010 

0-0533 

0 5497 

0 4701 

0 4062 

0 3556 1 

1 


^ tilS'cciol ronconiratlouB rr-calculatcrl Ironi the data of Uerz and Wegner by Sheely, using the spcclftc 
avity eoneentirttioii tables of llosiirt and Siioddv. 

The’ first cobunn gives the oonrenlratiou derived bji 

2 Darke and Lewis, Chem. and Tnd. 1928, 6, 1078. 

3 Landolt-Dornstcln, ,^)Ui ed., 1st Suppl., 1927, p. 83 (after P.ingbam and Jackson, 191/). 


available. Some supplementary figures, due to 
Darke and Lewis (Chem. and Ind. 1928, 6, 1078), 
have been included. Herz and Wegner used 
the less accurate specific-gravity tables compiled 
by themselves to ascertain the concentrations 
of their test solutions. For purposes of com- 
parison, therefore, Sheely has applied the Bosart 
and Snoddy tables to recalculate the concen- 
trations in question from the data supplied by 
the earlier authors ; these corrected values have 
boon inserted in Table XII. 

Figures for absolute viscosities calculated from 
the experimental data of Table XII are given 
in the original paper by Herz and Wegner,^ 
(r/. also Cocks, J.S.C.I. 1929, 48, 279t). 

Glycerol is miscible with alcohol in all pro- 

^ The values for the viscosity of water used for cal- 
culation hy Herz and Wegner were taken from the 
Bth ed. (1023) of the tables of Landolt-Bbrnateln and 
are not quite Identical with the revised values (due to 
Bingham and Jacksdh) given in the Ist Suppl. (1027) 
of Landolt-Bdmstein. 


portions, dissolves rcacbly in a mixture of alcohol 
and ether, but is sparingly soluble in ether 
alone (1 part of glycerol, sp.gr. 1’23, requiring 
about 500 parts of etlicr) it is therefore im- 
possible to extract glycerol from its aqueous 
solution by means of ether. Glycerol is soluble 
in acetone. Nino parts of glycerol dissolve in 
100 parts of ethyl acetate. It is insoluble in 
chloroform, light petroleum, carbon disulphide 
or benzene ; it is also insoluble in oils and fats 
(Lewkowitsch). 

Glycerol has powerful solvent properties ; it 
combines in this respect the properties of w'ater 
and of ordinary alcohol ; many substances dis- 
solve more readily in it than in either of these two 
other liquids. The following list of solubilities 
illustrates thiB(Klcver, Chem. Zentr. 1872,434): 

100 parts of glycerol dissolve at 15® 98 parts 
of Bodir|n carbonate ; 60 parts of borax ; 60' 5 
parts of potassium arsenate ; 50 parts of sodium 
arsenate; 50 parts of zinc chloride; 48' 8 parts 
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of tannic acid ; 40 parts of alum ; 40 parts of 
zinc- iodide ; 40 parts of liotasaium iodide ; 35- j 
parts of zinc sulphate ; 32 parts of potassium 
cyanide ; 30 parts of copper sulphate ; 25 parts 
of ferrous sulphate ; 25 parts of potassium 

bromide ; 20 j>arts of lead acetate ; 20 parts of 
ammonium carbonate; 20 parts of arsenious 
oxide ; 20 parts of arsenic oxide ; 20 parts of am- 
monium chloride; 15 parts of oxalic acid; 11 
parts of bone acid ; 10 parts of barium chloride ; 
10 parts of copper acetate ; 10 parts of benzoic 
acid ; 8 parts of sodium bicarbonate; 7-5 parts 
of inerciiFic cdiloride ; 5 jmrts of calcium sul- 
phide; 3-7 fiarts of potas.siiim chloride; 3-5 
jiarts of potassium chlorate; 1-9 parts of 
iodine; about 1 part of calcium sulphate; 0-1 
part ol sulphur; 0-25 partj of phosphorus. 

An aciiicouH glycerol solution, of sp.gr. 1*114, 
dissolves 0-957% of calcium suliihato. Metallic 
soaps (which are insoluble in water) are to some 
extent dissolved by aipieous glycerol ; thus : 
100 parts of glycerol solution, sp.gr. 11 14, dis- 
solve 0-71 part of iron oleate, 0 94 part of 
nuignesium oleate, and I I 8 parts of calcium 
oleate. 

(jlyeerol is completely oxidised to carbon 
dioxidi* ami water by potassium dichromate in 
ail a< id solution, and this reaction forms the 
basis of one of the standard methods for the 
quantitative determination of glycerol {sec 
p. 61 f). In dilute ac|ueouH solution and in the 
presence of caustic alkali, potassiuin perman- 
ganate oxidises glycerol quantitatively to oxalic- 
acid, (-arbon dioxide and water (Wanklyn and 
Fox, Chem. News, 1886, 53, 15; Benedikt and 
Zsigmondy, Chem.-Ztg., 1885, 9 , 975). 

])ry jiotassium permanganate reacts violently 
with concentrated glycerol. If finely powdered 
potassium permanganate be heaped up to form 
a small truncated cone and concentrated glycerol 
be poured into a hole made in the top, fumes 
esc-ape ; after a very short time the glycerol 
commences to froth and ignites spontaneously 
w'ith violent evolution of gases. 

Glycerol treated with hydrogen peroxide in 
presence of a ferroii.s salt yields glyccraldehyde, 

CH„(OH)CH(OH)CHO. 

Of the eleven possible products of moderate 
oxidation of glycerol, ten have been isolated, 
viz. glyceraldehyde (glycerose), glyceric acid, 
dihydroxyacetone, hydroxypyroracemio acid, 
tartronmonoaldehydo, tartrondialdehyde, tar- 
tronio acid, mesoxalmonoaldehyde, mcsoxal- 
dialdehyde and mesoxalic acid; hydroxypyro- 
racemaldehyde is unknown. The glyceric acid 
obtained by gentle oxidation with nitric acid is 
a racemic compound and has been resolved into 
optically active enantiomorphous acids by J. 
Lewkowitsch (Ber. 1883, 16 , 2720). Further 
oxidation 3 de]d 8 carbon dioxide, formic acid and 
water. 

A strong aqueous solution of glycerol reduces 
Barreswil’s (Fehling’s) solution only slightly. 
If, however, the glycerol be diluted previously 
with 10 times its bulk of water, no reduction 
occurs. 

A mixture of glycerol and silver nitrate 
solution heated at the temperature of boiling 
water with a few drops of ammonia, gives a 
precipitate of metallic silver. If ammonia 


solution be added to glycerol in the cold, and 
heat be then applied, as a rule no reduction takes 
place on adding silver nitrate ; the addition of 
caustic soda or potash, however, causes metallic 
silver to separate slowly. 

Glycerol dissolves caustic alkalis, alkaline 
earths and lead oxide, forming chemical com- 
pounds (r/. Bullnheimer, Bcr. 1898, 31, 1453; 
1899,32,2347; 1000,33,817). The compounds 
so formed are termed metallic glyceroxides or 
gli/cfrates and are thought to have a cyclic 
structure resembling that of the saccharates. 
Liinc, strontia and baryta are precipitated 
nearly completely from such solutions by carbon 
dioxide, a small quantity only of the bases 
escaping precipitation. In the presence of 
caustic alkalis, glycerol also dissolves ferric 
oxide, cupric oxide and bismuth oxide, no 
doubt in consequence of the formation of soluble 
compounds (metallic glyceroxides), such as are 
represented by mono.sodiiimcupriglvceroxide* 
(NaCuCaHgOg^.SH.O. The oxides enume- 
rated above are not reduced to metals, or at 
most only to their lower oxides. The following 
oxides ; silver oxide, gold oxide, mercury oxide, 
rhodium oxide, yjalladium oxide and platinum 
oxide (Ag20, AU 2 O 3 , HgO, RhOa, PdO, 
PtO.^), are reduced to metals when heated with 
alkaline glycerol solution (Bullnheimer). 

The great solubility of zinc sulphate, as also 
of nickel, cobalt and copper sulphates, in 
glycerol, is explained by the fact that these 
salts combine with 3 mol. of glycerol to form 
compounds (Griin and Bockisch, ibid. 1908, 41, 
3465) of the general formula : 

(M 3C3H,03)S04,H20 

Where M represents an atom of one of the above- 
mentioned metals. For these compounds, the 
name glycerinates has been proposed by Griin, 
m order to distinguish them from the metallic 
glyceroxides described above. 

Qualitative Tests for Glycerol. 

One of the simplest tests for glycerol, which is 
capable of detecting quite small quantities, is 
based on the penetrating odour of acrolein, which 
is formed when glycerol is heated in the presence 
of acid salts. The same odour is also noticeable 
when a fatty-oil lamp or tallow candle is blown 
out. For the test, a small portion of the sub- 
stance should be heated with potassium bisul- 
phate, and the acrolein detected either by its 
odour or by the red colour formed when the 
vapour is passed into Schiff’s reagent (a solu- 
tion of rosanilin which has been decolorised 
by sulphur dioxide). Alternatively, an am- 
moniacal solution of silver nitrate may be 
used for the detection of the acrolein which 
produces in it a precipitate or mirror of metaUic 
silver. 

Some other useful tests described by Deniges 
(Compt. rend. 1909, 148 , 570) are based upon the 
colour reactions of dihydroxyacetone which is 
formed when glycerol is heated with bromine 
water. About 0-1 g. of the glycerol is heated 
with 10 ml. of bromine water in a bath of 
boiling water for about 20 minutes or until the 
free bromine has disappeared. In four separate 
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Ipst tubes there arc placed 0*1 ml. of an alcoholic 
solution of (1) codein, (2) resorcinol, (3) thymol 
and (4) )9-naphthol. To each tube is added 0-4 
ml. of the brominated sample and 01 ml. of a 
4% solution of potassium bromide, then 2 ml. of 
cone, sulphuric acid. The tubes containing 
codein and ]9-naphthol are heated for 2 minutes 
in a water bath. The codein solution will show 
a blue tint ; the resorcinol a blood -red colour 
becoming yellow -red on dilution with acetic 
acid; the thymol a wine-red colour becoming 
rose-red on dilution ; and the ^-naphthol will 
develop an emerald-green fluorescence. A more 
positive identification inay be based upon the 
formation of glyceryl tri benzoate which has 
m.p. 72“. For this purpose 01 ml. of the speca- 
men is shaken for 5 minutes with 0-4 ml. of 
benzoyl chloride and 6 ml. of 10% sodium 
hydroxide solutitjn. After shaking, 10 ml. of 
cold water are added and the precipitated tn- 
benzoate is filtered, washed and cryslalliaed 
from 35% alcohol. 

Provided that a sufficient amount of the sample 
18 available, it is possible by distillation under 
reduced pressure to separate moderately pure 
glycerol, even from fairly complex mixtures. 

Quantitative Determination of Gi-yuerol. 

Hero only the determination of glycerol in 
commercial products containing considerable 
quantities of it can bo considered. The deter- 
mination of glycerol in fermented liquors falls 
outside the scope of this article. 

A direct method for determining glycerol 
in oils and fats by isolating it has been worked 
out by Shukoff and Schestakoff (Z. angew. 
Chem. 1905, 18 , 294; cf. Fachini and Dorta, 
Boll. Chim. farm. 1910, 49 , 237). It is necessary 
to operate with a solution containing at least 
40% of glycerol. If the solution be more 
dilute, a quantity corresponding to about 1 g. 
of glycerol is carefully evaporated on the 
water-bath, the concentration not being in- 
creased to such a point that volatilisation of 
glycerol can take place (i.e. a concentration of 
about 50% must not be exceeded). Before 
evaporating, the solution is rendered slightly 
alkaline with potassium carbonate. The con- 
('entratod solution is then mixed with 20 g. of 
ignited and powdered anhydrous sodium sulphate 
and exhausted in a Soxhlet extractor with 
anhydrous acetone (previously well dried over 
anhydruos potassium carbonate). As acetone 
attacks both cork and indiarubber, all connec- 
tions must be made with ground-glass fittings. 
The extraction requires several hours, and the 
results, at best, are only approximately correct. 

As a rule, the determination of glycerol in 
oils and fats is carried out by one of the following 
indirect methods. 

Dichromate Process. — ^This method which 
was first described by Hehner (J.S.C.I. 1889, 8 , 
5) has displaced the older permanganate method 
of Wanklyn and Fox {l.c., p. 80) and Benodikt 
and Zsigmondy p. 80). With due attention 
to the details as described on p. 61c, it affords a 
most reliable determination and has been 
often recommended as the standard method. 
It depends upon the complete oxidation of the 


purified glycerol to carbon dioxide and water, 
'but can be suitably applied only after removal 
of all organic impurities ; see p. 61 . The appli- 
cation of this method to various types of 
glycerin has l)een critically studied by S. Fachini 
and S. Soniazzi (Chim. et Ind. 1924, Spec. No. 
(Paris 192.3 (Congress) 5545). 

Acetin Process. — In case an impure glycerin 
be under examination (such aa the crude gly- 
cerins described on p. 42), it ia best to determine 
the proportion of glycerol by the Benedikt- 
Cantor acetin process, which is based on the 
quantitative conversion of glycerol into triacotin 
on beating the solution with acetic anhydride. 
If the product of this reaction is then dissolved 
in water, and the free acctic acid carefully 
neutralised with alkali, the dissolved triacetiii 
can be readily cstimatc'd by saponification with a 
known volume of standard alkali, and titrating 
back the excess. 

Details of the method are given in the Report 
of the International Committee on the Analysis 
of Glyeerin (.scfi p. 60^). 

Copper Process. — A newer iiudhod of some 
promise has been put forward by Bertram and 
Rutgers (Rec. trav. chim. 19.3H, 57, 681) and 
revivsed by the Glycerin Analysis CkininiiMoo of 
the American Oil ('hemists’ Society (Oil and 
Soap, 1941, 18, 14) which depends upon the 
formation of a glycerol -rop]H‘r complex in an 
alkaline alcoholic solution. 

Although the precision obtainable falls some- 
what sbori of the .standard required for com- 
mercial tranNactioiiH, the method has the great 
advantage that it can be applied to .impure 
preparations and mixtures without preliminary 
purification, and so affords a rapid and easy 
means of determining the approximate glycerol 
content of products grossly contaminated with 
substances which would interfere with the 
standard acetin or dichromato procedures, such 
as sugars, trimcthylcne glycol, diethylene glycol, 
glycol ethers (e.(/., “ celloftolvc^" “ carbitol ”) 

oxalic acids, or hydroxyacids such as tartaric 
and citric. None of these shows as much as 1% 
of apparent glycerol when tested by the new 
method : ethylene glycol, propylene glycol and 
hexahydric alcohols (mannitol, sorbitol) show 
from 2 to 6% apparent glycerol. Polyglyceryl 
ethers and alkylolamines interfere with the 
determination, but small quantities of ammonia 
do not. According to A.O.C.S. revised pro- 
cedure, not more than 10 ml. of the glycerin 
solution, containing not more than 0-8 g. of 
glycerol, is weighed into a 100- ml. calibrated 
fiask and diluted to 10 ml. with distilled water ; 
10 ml. of sodium hydroxide solution (30 g. per 
100 ml.) are added, followed immediately by 
60 ml. of 95 v/v% alcohol, and after mixing 
there is added (from a burette) an alcoholic 
solution of cupric chloride (10 g. CuCl 2 , 2 H ,0 
per 100 ml.) until a permanent undissolved 
precipitate of copper hydroxide remains after 
shaking; an excess of 0-5 ml. of the copper 
solution is added and the volume adjusted to 
100 ml. with alcohol, and the solution shaken 
for at least a minute. (The solution is main- 
tained at 20° throughout these operations.) At 
least 60 ml. of the well-mixed solution is centri- 
fuged 1>300 r.p.m. for about 10 min.. 
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tempered at 20°, and a 50 ml. aliquot of the clear 
decanted solution is transferreii to a 300 nu. 
conical flask, diluted with 100 ml, of water, and 
made just acid with glacial ucct ic acitl ; 2 ml. 
excess of the acetic scid is added, and after 

1 ooling the mixture in icc, 10 g. of Kl are added 
and the liheratcd iodine is immediately titrated 
with 0-1 A^-sodiiim thiosulphate solution, using 
a stareli indicator : just before the end-point, 

2 g. of ammonium thiocyanate an; added. The 
percentage ol gly^cerol in the sample is given by 

, , . (T'R).AMH41 , „■ , ,, 

the relation ^ where J and B 

arc the titration figures for the samjile and 
blank tests respeetiv elv% JV is the normality of 
the thiosuljihiite solution and 8 the weight of 
the sample. If greater accuracy is required, 
a (;orrection c an he applied for the volume of the 
copper preeijutate : in this ease*, the whole of 
the solution is ceiil riluged and the factor 18 41 

becomes 9-205 X ^ vh< the 

50 

apparent volume of the jirecipitate after centri- 
fuging. 

Chemically Pure Glycerin. — The propor- 
tion of glycerol in chemically pure glycerin is most 
conveniently aseertained by determining the 
specific gravity (.‘fcr fables on pp, 49, 50) or by 
oxidising the glycerol by means of dichiomate, 
provided organic; iinpiirilies be absent. This is 
ascertained in the following manner : A some- 
what dilute solution is mixed with a cold am- 
nioniacal silver nitrate solution ; the solution 
should remain colourless even after standing for 
24 hours. Any aerol(‘in present in the sample is 
detoeteil by the test described above. Any 
polyglycerols, due to faulty distillation, are 
determined by allowing an accurately weighed 
quantity of the sample to evaporate gently at 
160°. Care should be taken not to heat too 
rapidly, otherwise even the imrest glycerol may 
become polymerised with the production of the 
very substances that are to be detected. From 
the weight of the residue, the weight of ash, siib- 
sequently found on incineration, must be de- 
ducted. The differenec (the “ organic residue ”) 
is a fair indication of the care with >\hich the 
glycerol has been manufactured. 

The following Table XIII gives the “ organic 
residue ” and ash of a number of typical pure 
glycerins. 

Table XIII. — Organic Residue and Ash in 
Commercial Glycerins. 


Once distilled (dynamite) glycerin. 


No. 

llcsldue at 
160^ %. 

Ash, %. 

Orgaulc 
residue, %. 

(’hloride, 
NaCI, %. 

1 

0-018 

0-007 

0-011 

00013 

2 

0-013 

0-005 

0-008 

0-0020 

3 

0-019 

0-007 

0012 

0-0022 

4 

0-020 

0-009 

0-011 

00030 


Double distilled (C.P.) glycerin. 


5 

0-011 

0-005 

1 0-006 

0 0013 

6 

0-014 

0-009 

0(t05 

'0-0020 

7 

0 009 

0-004 

0 005 

0 0010 


Chemically pure glycerin must be free from 
all hut the most minute traces of arsenic ; the 
maximum content permitted by the British and 
I -lilted States Pharmaeopa'ias is 4 and 10 p.p.m. 
resjjcctively. This is ascertained by the Gutzeit 
test (v. Vol. I, 4706). 

It should bo neutral to litmus, leave no ash on 
ignition, and have sji.gr. of at least 1-200 at 16-5°. 
It should not emit any odour when heated on 
the watcr-hath, or any fiiiity odour when 
warmed with alcohol and sulphuric; aeiil. It 
should not contain sulphates, chlorides, oxalate.s, 
metals or sugars, and whi;n mixed with an equal 
volume of water niiiNt not reduce Barreswifs 
(Fehling’s) solution. It should show at most a 
yellow coloration in Hager’s test, according to 
which 5 ml. of the samjde are mixed with 5 ml. 
of 26% ammonia solution and 5 drops of silvi'r 
nitrate solution, and left in the dark for 15 
minutes at the ordinary temperature. 

The British Pharmaeopu'ia (1932) requires 
glycerin to have sp.gr.]J[* 1-260-1-265; to have 
not more than 0 01% of ash ; to be free from 
rediieiMg substaiiees and fatty acids ; and to 
contain not more than about 2 p.p.m. of iron, 
not more than I p.p.m. of lead and not more 
than 4 p.p.m. of arsenic. 

Distilled Glycerin (Dynamite Glycerin). — 
The propoilion of glycerol in these products is 
best deti'rriiined by the aeetin method. “ Dyna- 
mite glyecTin ” is usually sold iieeor cling to a 
speeiheation agreed upon hi'tween buyer and 
sellc'r. The following conditions are usually 
stipulated: sp.gr.J^ J not below 1-262 ; neutral 
to litmus, liglit in colour, free from smell ; ash 
not more tlian 0 95% ; sajjonili cation cejui valent 
not more than 0-1% as Na 20 ; salt not more 
than () 0I% ; water not more than 1-5% and 
glyecTol at least 98-5%. A test for reducing 
substances with silver nitrate is generally in- 
cluded and some well-known Hpecifieations in- 
el uclo a test for the yield ancl separation on 
nitration. The latter test requires great care 
and is by no means always a reliable guide to 
the yield on t he large scale. 

Analysis of Crude Glycerins. 

The J liter tiatiotml Standard Aeetin Method still 
retains official status, although objections against 
it have been raised, both on account of the 
tedious procedure and a doubt as to the accuracy 
of the results. Many of the objections raised 
from time to time are, however, a result of in- 
attention to the important details set out in the 
I.S.M. For example the use of well-boiled COj- 
free water is essential to accuracy. The com- 
mittee of the American Oil Chemists’ Society 
(Oil and Fat Ind. 1931, 8 , 297 ; Oil and Soap, 
1933, 10 , 71) report that the figures obtained 
by the dichromate method agree better with 
those deduced from the specific gravity (Bosart- 
Snoddy) than do the results of the acotm 
method. 

International Standard Methods?- 

“Analysis of Crude Glycerol. — The 
valuation of crude glycerol has assumed great 
commercial importance owing to the value of the 
^ Analyst, 1911, 36, 314. 
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commodity. The want of uniformity in the 
methods and processes of analysis, together with 
the irregularity of the results obtained, em- 
phasised the desirability for the standardisation 
of crude glycerol analysis; so with this object 
in view committees were formed in America, 
France, Germany, and Groat JJntain. These 
committees worked in the first instance in- 
dependently, but were ultimately brought to- 
gether, and after a series of conferences the con- 
clusions arrived at by the various committees 
were summarised, and drawn up in the form in 
which they are now presented. The methods 
detailed in this report have the unanimous sup- 
port of each of the above committees, and are 
strongly recommended by them as International 
Standards. 

“ Sampling. — The most satisfactory method 
available for sampling crude glycerol liable to 
contain suspended matter, or which is liable in 
deposit salt on settling, is to have the glyeerol 
sampled by a mutually ajiproved sampler as 
soon as possible after it is filled into diuiris, but 
in any c'ase before any separation of salts has 
taken place. In such eases he shall sample 
with a sectional sampler (a suitable sampling 
apparatus is described in an ajipcndix to the 
report), brand them with a number for idcntifi- 
ration, and keep a record of the brand number. 
The presence of any visible salt or other sus- 
pended matter is to be noted by the sampler, 
and a report of same made in his certificate. 
Each drum must be sampled. Glycerol wliich 
has deposited salt or other matters cannot be 
accurately sampled from the drums, but an 
ayjproximalc sample can bo obtained by moans 
of the sectional sampler, which will allow a com- 
plete vertical section of the glycerol to be taken, 
including any deposit. 

“ Analysis. — (1) Determination of Free Caustic 
Alkali. — Weigh 20 g. of the sample into a 
100 ml. flask, dilute with approximately 60 ml. 
of fresh ly-boiled distilled water, add an excess 
of neutral barium chloride solution, 1 ml. of 
phenolphthalein solution, make up to the mark, 
and mix. Allow the precipitate to settle, draw 
off 60 ml. of the clear liquid, and titrate with 
N-aeid. Calculate to percentage of N ajO exist- 
ing as caustic alkali. 

“ (2) Determination of Ash and Total Alka- 
linity. — Weigh 2-6 g. of the sample m a plati- 
num dish, burn off the glycerol over a luminous 
Argand burner, or other source of heat giving a 
low flame-temperature, the temperature being 
kept low to avoid volatilisation, and the for- 
mation of sulphides. When the mass is charred 
to the point that water will not become coloured 
by soluble organic matter, lixiviate with hot 
distilled water, filter, wash and ignite the residue 
m the platinum dish. Return the filtrate and 
washings to the dish, evaporate and carefully 
ignite without fusion. Weigh the ash. Dissolve 
the ash in distilled water, and titrate total 
alkalinity, using as indicator methyl orange 
cold, or litmus boiling. 

“ (3) Determination of Alkali present as 
Carbonate. — Take 10 g. of the sample, dilute 
with 50 ml. distilled water, add sufficient N-acid 
to neutralise the total al^li found at (2), boil 
under a reflux condenser for 15-20 minutes. 


^ash down the condenser tube wdth distilled 
water free from carbon dioxide and titrate back 
with N/l-NaOH, using phenolphthalein as 
indicator. Calculate the percentage of NajO. 
Deduct the Na20 found in (1). The difference 
is the percentage of Na20 existing as carbonate. 

“ (4) Alkali combined with Organic Acids . — 
The sum of the percentage of Na20 found at 
(1) and (3) deducted from the percentage found 
at (2) IS a measure of the Na20 or other alkali 
combined with organic acids. 

“(5) Determination of Acidity. — Take 10 g. 
of tlie sample, tliluto with 50 ml. of distilled 
w'atcr free from carbon dioxide, and titrate with 
N/l-NaOH and iihenolphthalcin. Express in 
terms of Na20 required to neutralise 100 g. 

“ (()) Determination of Total Residue at IGO'’. — 
For this determination the crude glycerol should 
he slightly alkaline with Na2C03, not exceeding 
the equivalent of 0-2% Na20, in order to pre- 
vent loss of organic acids. To avoid formation 
of j)ol3'^gl3'ccrol, this alkalinity must not be 
exceeded . 

“ Preparation of Qlycerin. — 10 g. of the sample 
are wc‘ighcd into a 100 ml. llask, diluted with 
water, and the calculated quantity of N/l-HCI 
or Na2C03 added to give the required degree 
of alkalinity. The flask is filled to 100 ml., the 
contents mixed and 10 ml. ineasured into a 
weighed Petri or similar dish 2-5 in. diamet er and 
0'5 in. deep, which should have a flat bottom 
(and roiii (led connection with the sides). In 
the case of crude glycerins abnormally high 
in organic residue a less quantity is to be 
evaporated, so that the weight of -organic 
residue docs not matcTially exceed 30-40 mg. 

“ Evaporation of the Clycerol. — The dish is 
placed on a water-bath (the to)) of the 100" 
oven acts equally well) until most of the water 
has evaporated. From this point the evapora- 
tion is clTected m the oven. Satisfactory results 
are obtained in an oven measuring 12 in. cube, 
having an iron plate | in. thick lying on the 
bottom to distribute the heat. Strips of 
asbestos millboard are placed on a shelf half- 
way up the oven. On these strips the dish 
containing the glycerol is placed. The bulb of 
the thermometer should also rest upon one of 
the strips. 

“ If the temperature of the oven has been 
adjusted to 160" with the door closed, a tem- 
perature of 130-140" can bo readily maintained 
with the door partially open, and the glycerol, 
or most of it, should be evaporated off at this 
temperature.^ When only a slight vapour is 
seen to come off, the dish is removed and allowed 
to cool. 

“ An addition of O'6-l ml. of water is made, 
and by a rotatory motion the residue brought 
wholly or nearly into solution. The dish is then 
allowed to remain on a water-bath or top of 
the oven until the excess water has evaporated 
and the residue is in such condition that on 
returning to the oven at 160" it will not spit. 
The time taken up to this point cannot be 
definitely given, nor is it of importance. Usually 
2-3 hours are required. From this point, how- 
ever, fhe schedule of time must be strictly 
adhered to. The dish is allowed to remain in 
^ See note by Grimwood mentioned on p. 62c. 
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the oven, the ternj>erature of which is carefiillj^ 
maintained at 160'^ for 1 hour, when it is 
removed, t ooled, the residue treated with water 
and the water evajmrated as liefore. The residue 
is then subjiicted to a second baking of 1 hour, 
after w'hich the dish is allowed to cool in a 
desiccator over sulphuric, acid, and weighed. 
The trt'tttment with water, etc., is repeated 
until a constant loss of 1-1 ‘5 mg. per hour is 
obtained. 

“ (Jorreriions to he Applied to the Weight of 
Total Itemdue. — In the case of acid glycerol, a 
correction must be made for the alkali added. 
One ml. N/1 -alkali represents an addition of 
0 022 g. In the case of alkaline crudes a 
c'orrection should be made for the acid added. 
Deduct tlu^ increase in weight due to the con- 
version of the NaOH and Na^COj to NaCi. 
The correcited weight multiplied by 100 gives 
the percentage oIl total residue at 100°. 

“ IVeserve the total residue for the deter- 
mination of the non-volatile acetylisable im- 
purities. 

“ (7) Organic Residue. — fSubtract the ash from 
the total residue at 100". {Note. — It should be 
noted that alkaline salts of organic acids are 
converted to carbonates on ignition, and that 
the COg radicle thus derived is not included in 
the organic residue.) 

“ (8) Moisture. — Thi.s test is based on the 
fact that glycerol can Iw completely freed from 
w’ater by allowing it to stand in vacuo over 
sulphuric acid or phosphoric anhydride. 2-3 g. 
of very bulky asbestos freed from aeid-soluble 
material, which has previously been dried in a 
water-oven, are placed m a small stoppered 
weighing- bottle of about 15 c.c. capacity. The 
weighing- bottle is kept in a vacuum desiccator 
furnished with a supply of concentrated sul- 
phuric acid, under a pressure equivalent to 1-2 
mm. of mercury, until constant in weight. 
From 1 to 1-5 g. of the sample is then carefully 
dropped on to the asbestos in such a w'ay that 
it will bo all absorbed. The weight is again 
taken, and the bottle replaced in the desiccator 
under 1-2 mm. pressure until constant in weight. 
At 16° the weight is constant in about 48 hours. 
At lower temperatures the tost is prolonged. 
(Note. — A blank similarly prepared from glycerol 
free from glycols and dried until anhydrous in 
vacuo over sulphuric acid is kept with the test 
sample and any loss in weight of the anhydrous 
blank may be deducted from the amount lost 
by the sample. If glycols are present in the 
crude glycerins under test the blank may slightly 
increase in weight.) 

“ The sulphuric acid in the desiccator must 
be frequently renewed. 

" Acetin Process for Glycerol Deter- 
mination . — This process is the one agreed upon 
at a Conference of Delegates from the American, 
British, French and German Committees, and 
has been confirmed by each of the above Com- 
mittees as giving results nearer to the truth on 
orudes in general, and is the process to be used 
(if applicable) whenever only one method is 
employed. On pure glycerols the residts are 
identical with those of the dichromate ptocess. 
For the application of this process the crude 
glycerol should not contain over 60% water. 


“ The following reagents are required : 

“ (A) Rest Acetic Anhydride. — This should be 
carefully selected. A good sample must not 
require more than 01 ml. normal NaOH for 
saponification of the impurities when a blank is 
run on 7-5 ml. Only a slight colour should 
develop during digestion of the blank. 

“ (B) Pure Fused Sodium Acetate. — The pur- 
chased salt is again completely fused in a 
platinum, silica or nickel dish, avoiding charring, 
jiow'dcred quickly and kept in a stoppered 
Ixittle or a desiccator. It is most important 
that the sodium acetate be anhydrous. 

“ (C) A Solution of Caustic Soda for Neu- 
tralising^ of about -Strength, free from 
Carbonate. — This can be readily made by dis- 
solving ])urp sodium hydroxide in its own w^oight 
of water (preferably w^ater free from carbon 
dioxide), and allowing to settle until clear, or 
filtering through asbestos (in thi^ absence of 
carbon dioxide). The clear solution is diluted 
W'ith water free from carbon dioxide to the 
strength required. 

“ (D) N /I Caustic Soda, free from Car- 
bonate. — Prepared as above, and carefully 
standardised. 

“ Some caustic soda solutions show' a marked 
diminution in strength after being boiled ; such 
solutions should be rejected. 

“ (E) N/1 Acid. — CWefully standardised. 

“ (F) Phenolphthalein Solution. — 0-6% phenol- 
pbthalein in alcohol and neutralise. 

“ The Method. — Into a narrow-mouthed flask 
(preferably round- bottomed), capacity about 
120 ml., which has been thoroughly cleaned and 
dried, weigh accurately and as rapidly as possible 
1-25-1 -6 g. of the glycerol. Add first about 3 g. 
of the anhydrous sodium acetate, then 7-6 ml. 
of the acetic anhydride, and connect the flask 
with an upright Liebig condenser. For con- 
venience the inner tube of this condenser should 
not be over 50 cm. long and 9-10 mm. diameter. 

“ The flask is connected to the condenser 
by either a ground glass Joint (preferably) or a 
rubber stopper. If a rubber stopper is used, it 
should have had a preliminary treatment with 
hot acetic anhydride vapour. 

“ Heat the contents and keep just boiling 
for 1 hour, taking precautions to prevent the 
salts drying on the sides of the flask. Allow 
the flask to cool somewhat, and through the 
condenser tube add 60 ml. of the carbon- 
dioxidc-free distilled water, heated to about 80°, 
taking care that the flask is jiot loosened from 
the condenser. The object of cooling is to avoid 
any sudden rush of vapours from the flask on 
adding water, and to avoid breaking the flask. 
Time is saved by adding the water before the 
contents of the flask solidify, but the contents 
may bo allowed to solidify, and the test pro- 
ceeded with the next day without detriment. 
The contents of the flask may be warmed to, 
but must not exceed, 80°, until the solution 
is complete, except a few dark flocks repre- 
senting organic impurities in the crude. By 
giving the flask a rotatory motion solution is 
more quickly effected. Cool the flask and con- 
tents without loosening from condenser. When 
quite cold wash down the inside of the con- 
denser tube, detach the flask, wash off stopper 
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or ground glass connection into the flask and 
filter contents of flask through an acid-b ashed 
filter into a Jena glass flask of about 1 litre 
capacity : the filtrate should amount to about 
200 ml. Wash thoroughly with cold distilled 
water free from carbon dioxide. Add 2 ml. of 
phenolphthalcin solution (F), then run in 
a caustic soda solution (C) or (D) until a faint 
pinkish-yellow colour appears throughout the 
solution. This neutralisation must be done 
most carefully. The alkali should be run 
down the sides of the flask, the contents 
of which arc kept rapidly swirling, with oc- 
casional agitation or change of motion, until the 
solution is nearly neutralised, as indicated by 
the slower disappearance of the colour developed 
locally by the alkali running into the mixture. 
When this point is reached the sides of the flask 
arc washed down with carbon -dioxide-frec water, 
and the alkali subsequently added drop by drop, 
mixing after caeh drop until the desired tint is 
obtained. 

“ Now run in from a burette 50 ml. or a caleu- 
lated excess of N/l - N aO H (1)) and note carefully 
the exact amount. Boil gently for 15 minutes, 
the flask being fitted with a glass tube acting as 
a partial condenser. Cool as quickly as possible 
and titrate excess of NaOH with N/l -acid (E) 
until the pinkish -yellow or chosen end-point 
colour just remains. A further addition of the 
indicator at this point will cause a return of the 
pinkish colour ; this iinist be neglected, and the 
first end-point taken. 

“ From the N/l- NaOH consumed calculate 
the percentage of glycerol after making the cor- 
rection for the blank test described below. 

“ 1 ml. of N/l-NaOH-U 03009 g. of glycerol. 
The coefficient of expansion for normal solu- 
tions IS approximately 0-01)033 per ml. for each 
degree C. A correction should be made on 
this account if necessary. 

“ Blank Test . — As the acetic anhydride and 
sodium acetate may contain impurities which 
alTeiit the result, it is necessary to make a blank 
test, using the same quantities of acetic anhy- 
dride and sodium acetate as in the analysis. 
After neutralising the acetic acid it is not 
necessary to add more than 5 ml. of the 
N/l -alkali (D), as that represents the excess of 
alkali usually left after saponification of the 
triacctin in the glycerol determination . 

“ Determination of the Glycerol Value of the 
Acetylisable Impurities . — The total residue at 
100° is dis/solved in 1 or 2 ml. of water, washed 
into a clean acetylising flask, 120 ml. capacity, 
and the water evaporated. Now add anhydrous 
sodium acetate and proceed as in the glycerol 
determinations before described. Calculate the 
result to glycerol. 

“ Analysis of the Acetic Anhydride . — Into a 
weighed stoppered vessel, containing 10-20 ml 
of water, run about 2 ml. of the anhydride, 
replace stopper and weigh ; allow to stand 
with occasional shaking for several hours, unti 
all anhydride is hydrolysed ; then dilute to 
about 200 ml., add phenolphthalein and titrate 
with N/l -NaOH. This gives the total acidity 
due to free acetic acid and acid formed from 
anhydride. - ’ 

“ Into a stoppered weighing -bottle containing 


a known weight of recently distilled aniline 
^rom 10-20 ml.) measure about 2 ml. of the 
lample, stopper, mix, allow to cool and weigh. 
Wa^ contents into about 200 ml. of cold water 
and titrate acidity as before. This yields the 
ncidity due to the original, preformed, acetic 
acid plus one half the acid due to aiili3alride 
the other half having formed acetanibdc) 
uhtract the second n-sult from the first (botli 
calculated for 1(K) g.) and double result, obtain - 
ng ml. N/l-NaOH per 100 g. sample. One ml. 
NaOH equals 0 05 10 g. of acetic anhydride. 

“ Bichromate Process for Glycerol Deter- 
mination. — Reagents Required : {a) Pure Potas- 
sium Bichromate pow^dcred and dried in air free 
'roiii dust or organic vapours at 110-120°. This 
IS taken as the standard. 

“ (h) Dilute Bichromate Solutiori. — 7-4564 g. 
of the above bichromate (a) are dissolved in 
Jistilled water and the solution made up to 
a litre at 15-5°. 

“ (c) Ferrous Amrnomum Sulphate. — llissolve 
3-7282 g. of potassium dichromato (a) in 50 ml. 
if water. Add 50 ml. of 50% (by volume) 
sulphuric acid and to the cold undiluted solution 
add from a weighing- bottle a moderate excess 
of the ferrous ammonium siiljihatc, and titrate 
hack with the dilute dichromatc (6). Calculate 
the value of the ferrous salt m terms of dichru- 
mate. 

“ (</) Silver (Jarhonate. — This is prepared as 
required for each test from 140 ml. of 0-5% 
silver Hul])hate solution by precipitation with 
about 4-9 ml. N-sodium carbonate solution (a 
little less than the calculated quantity of N- 
sudium c arbonate should be used ; any excess 
of alkali carlKinate prevents rapid settling), 
settle, decant and wash once by decantation. 

“ (e) Lead Subacetale. — Boil a pure 10% lead 
ac-ctate solution with an excess of litharge for 
1 hour, keeping the volume constant, and filter 
wliile hot. Disregard any precipitate which 
subsequently forms. Freserve out of contact 
with carbon dioxide. 

“ (/) Potassium Ferricyanide. — A very dilute 
solution containing about 0-1%. 

“ The Method. — Weigh 20 g. of the glycerol, 
dilute to 250 ml. and take 25 ml. Add the 
silver carbonate, allow to stand, with occasional 
agitation, lor about 10 minutes, and then add a 
slight excess (about 5 nil. in most cases) of the 
basic lead acetate (fi), allow to stand a few 
minutes, dilute with distilled water to 100 ml. 
and then add 0-16 ml. to compensate for the 
volume of the precipitate, mix thoroughly, 
filter through an air-dry filter into a suitable 
naiTOW'-mouthed vessel, rejecting the first 10 ml. 
and return filtrate if not clear and bright. Test 
a portion of the filtrate with a little basic lead 
acetate, which should produce no further precipi- 
tate. (In the great majority of cases 6 ml. is 
ample. Occasionally a crude glycerol will be 
found requiring more, and in this case another 
aliquot of 25 ml. of the dilute glycerol should be 
taken and purified with 6 ml. of the basic acetate. 
Care must be taken to avoid a marked excess of 
basic acetate.) Measure off 25 ml. of the clear 
filtrate ifiio a glass flask or beaker (previously 
cleaned with potassium bichromate and sul- 
phuric acid). Add 12 drops of sulphuric acid 
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(1:4) to precipitate the small excess ol lead as 
sulphate. Add 3-7282 of the powdereA 
bichromate («). Rinse ch>wn the bichromate 
with 25 ml. of water nnd stand, with occasional 
shaking, until all the bicliroinatc is dissolved (no 
reduction will take place). 

“ Now add 5(1 ml. ot 50% siilphui ic acid 
(by volume), and immerse the y(‘shc 1 in boiling 
water for 2 hours, and keep protected Irom dust 
and organic vapours, siicli a.s alcohol, until the 
titration is eoiiipleted. Add Irom a weighing- 
bottle a slight excess of tlie ferrous nmmoniiim 
sulphate (c), making sjiot tests on a porct*lain 
plate with the jiotasHiuiii ferrieyanide (/). 
Titrate back with the dilute bichromate. Rrom 
the amount of hieliromatc reduced calculate the 
pcTcentage of glycerol. 

“ 1 g. glycerol ecpiuls 7*4504 g. bichromate. 

“ 1 g. bjeliromatc ociuals 0-13411 g. glyeerol. 

“ Notr.8. — (1) It is imjiortant that the eon- 
rcntration of acid in the oxidation mixture and 
the time of oxidation should be strictly adhcTcd 
to. 

“ (2) Before IIkj bichromate is added to tlie 
glycerol solution it is essential that the slight 
excess of lead he precipitated with suljihurie 
acid as stipulated in the jiroeess. 

“ (3) For ‘ criides ’ practically free from 
chlorides the (pianiity of silver carbonate may 
be reduced to one-fifth and the basic lead acetate 
to 0-5 ml. 

“ (4) It is sometimes advisable to add a little 
potassium- sulphate' to ensure a clear filtrate. 

“ Instructions for Calculating Actual Glycerol 
Content. — (1 ) determine the apjiareiit amount of 
glyeerol in the sample by the ac'ctin process as 
described. The result will include acetylisable 
impurities if any be present. 

“ (2) Determine the total icsidue at KiO”. 

“ (3) Determine the acetin value of the residue 
at (2) in terms of gl,ycrrol, 

“ (4) Deduct the result found at (3) from the 
pereciitago obtained at (1), and report this 
corrected ligurc as glycerol. If volatile acetylis- 
able impurities are present, these are included 
in this figure. 

“ Notes and Jiecommendatwns. — Experience 
has shown that in crude glycerol of good com- 
mercial equality the sum of water, total residue 
at J60® and corrected acetin result, comes to 
within 0-5 of 100. Further, in such ‘ crudes ’ 
the bichromate result agrees with the uiicor- 
rected result to within 1%. 

“ In the event of greater differences being 
found, impurities such as polyglyccrols or tri- 
methylene glycol are present. 

“ In valuing crude glyeerol for certain pur- 
poses it is necessary to ascertain the approximate 
proportion of arsenic, sulphides, sulphites and 
thiosulphates. The methods for detecting and 
determining these impurities have not formed 
the subject of this investigation. 

“ Recommendations by Executive Committee. 
— If the non-volatile organic residue at 160° in 
the cose of a soap lye ‘ crude ’ bo over 2*5% 
— i.e, when not corrected for carbont dioxide 
in the ash — ^then the residue shall be examined 
by the acetin method and any excess of glycerol 


found over 0-5% shall be deducted from the 
acetin figure.” {Cf. footnote to Table I, p. 45.) 

“ In tlie ca.so of saponification, distillation 
and similar glycerol the limit of organic residue 
which .should not he passed without further 
examination shall be fixed at 1%, In the event 
of the sample containing more than 1%, the 
organic residue must he acetylatcd, and any 
glycerol found (after making the deduction of 
0-5%) shall be deducted from the percentage of 
glycerol found by the acetin test.” 

With reference to this Report, Orimwood 
(J.S.C.I. 1913, 32, 1039) has shown that the 
oven recommended therein does not enable a 
steady temjieraturc to be maintained. In the 
case of one oven he found a maximum variation 
of 45° between the temiieraturcs of two shelves. 
In ]»hice ol the standard oven he has devised 
an electrically heated oven cased with uralite. 
He also describes an accelerated method of 
evaporating the glycerin, in which the vapours 
are removed by means of an electric fan. 

Standard Specifications for Soap Lye 
and Saponification Crude Glycerins.— The 
following standard specifications were drawn up 
by the British Executive (/omraittee on Crude 
GljTerin Analysis, and approved at a meeting 
of glycerin makers, buyers and brokers held in 
Loudon on October 3, 1012 : 

Noup Lye Crude Glycerin. — Analysis to be 
made in af-eordance with the International 
Standard Methods. Glycerol. — The Standard 
shall be 80% of glycerol. Any crude glycerin 
tendered which tests 81% of glycerol or over, 
shall be paid for at a pro rata increase, calculated 
as from the standard of 80%. Any crude 
glycerin which tests under 80% of glycerol, 
but is 78% or over shall be subject to a reduc- 
tion of ij times the shortage, calculated at the 
j)ro rata price as from 80%. If tlio test falls 
below 78% the buyer shall have the right ol 
rejection. Ash. — The standard shall bo 10%. 
Ill the event ol the percentage of ash exceeding 
10%, but not exceeding l()-5%, a percentage 
reduction shall be made for the excess calculated 
as from 10% at pro rata price, and if the per- 
centage of ash exceeds 10-5%, but does not 
exceed 11%, an additional percentage reduction 
shall be made equal to double the amount in 
excess of 10-5%. If the amount exceeds 11% 
the buyer shall have the right to reject the 
imrccl. 

Organic Residue. — ^Tho standard shall be 3%. 
A percentage deduction shall be made of 3 
times the amount in excesr of the standard of 
3%, ealeulatcd at pro rata price. The buyer 
shall have the right to reject any parcel which 
teats over 3-75%. 

Saponification Crude Glycerin. — ^Analysis to 
be made in accordance with the International 
Standard Methods. Glycerol. — ^I'he standard 
shall be 88%. Any crude glycerin which tests 
89% or over shall be paid for at a pro rata 
increase calculated as from the standard of 
88%. Any crude glycerin which tests under 
88%, but is 86% or over, shall be subject 
to a reduction of times the shortage, calcu- 
lated at pro rata price as from 88%. If the 
test falls below 86%, the buyer shall have 
the right of rejection. Ash. — The standard 
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shall be 0-6%. In the event of the percentage 
of ash exceeding 0-5%, but not exceeding 
2 0%, a percentage reduction shall be made 
equal to double the amount in excess of 0-5%. 
If the amount of ash exceeds 2 0% the buyer 
shall have the right to reject the parcel. 

Organic Residue. — The standard shall be 1%. 
A percentage deduction shall be made of twice 
the amount in excess of the standard of 1%, 
calculated at pro rata price. The buyer shall 
have the right to reject any parcel which tests 
over 2%. 

Glycols in Glycerin. — Rayncr (.T.S.C.I. 
1926, 46, 2()riT) has shown that trimethylene 
(jlyrol^ HO-CHg CHjj CHg-OH, b.p. 210-211'’, 
sp.gr. 20720^ 10554 (Cocks and ISalway, ibid. 
1922, 41, 17 t ) may he formed by bacterial 
f(‘rmentation (r/. “ Citrohacler sp.,'' Workman 
and Gillen, J. llact. 1932, 23, 167) when dilute 
crude glycerin lyes arc stored for long periods. 
Jlayner states that small amounts of the glycol 
are not objectionable in glycerin intended for 
nitration, but if the crude contains considerable 
rpiantities {e.g. 2-3%) it is difficult to manu- 
tacture a dynamite glycerin of the rcf]uiHite 
density. 


pp. 49, 50). From this is deducted the 
specific gravity of the distillate actually found 
by experiment, and the result is divided by a 
variable factor obtained from Table XIV. The 
quotient returns the percentage of glycols cal- 
culated as trimethylene gl 3 a’ol in the distillate, 
from which the percentage in the origmal sample 
may be computed. For example : 

100 g. ol the crude glycerin gave 35 g. of distil- 
late having a sp.gr. of 11 805 at 20'’/20". The 
acotiii value of the distillate corresponded to an 
apparent glycerol content of 77*4%, and the 
jijipropriate factor Table XIV) is O OOIOI. 

The sp.gr. at 2()"/2(J'^‘ of a glycerol of 77-4% 
concentration is 1-203H (^rc I’ablc 111) : hence 
the pcrccntag(i of triiiictliylcne gl^n-ol in the 
distillate 


1-2038~M865 
04)0101 ~ 


10-7O//, 


and the percentage of triincthjdene gly col in 
the original crude; glyieriii 


10 7 x35 

= 3.7<. 


DeTEIIM I NATION OK GlYCOLS. 

Since the standard methods for glycerin 
analysis w^ere agreed upon in 1911, and later 
accepted as International iStandard Methods, 
it has been found possible to devise means for 
the estimation of the glycols present in crude 
glycerin. In addition to trim ethyleneglycol (1:3- 
dihydroxypropane), crude glycerin is known to 
contain 1 :2-dihydroxypropane, and other glycols 
are probably also present. An accurate method 
for the quantitative differentiation between the 
1 : 3- and the 1 : 2 -dihydrox 3 qiropaiies is not avail- 
able, but the method described below, which is 
substantially that of Cocks and iSalway (J.S.G.l. 
1922, 41, 1 7 t ) represents a substantially accurate 
means of determining the total amount of the 
glycols present in crude glycerin. 

1(K) g. of tlic original samijle are weighed into 
a 400 ml. distillation flask, to w hich is attached 
an air condenser (3 ft. long) connected to a 100 
ml. receiving vessel. 3'he distillation flask is 
also fitted with the usual glass tube drawTi to a 
fine capillary and the distillation is carried out 
at approximately 30 nim. pressure. If trouble- 
some frothing occurs it can bo checked by the 
addition of hydrochloric acid to faint acidity. 
The lioating should bo so regulated that 
distillation proceeds at the rate of I drop per 
second. Aiiproximatcly 30% is distilled, the 
rt'ceiving flask having been previously roughly 
calibrated, but the exact weight of the distillate 
is ascertained at the end of the distillation. 

If any priming has occurred during distillation, 
the distillate must be completely re-distilled. 
The specific gravity of the distillate at 20'’/20° is 
determined, and the percentage of acetylisabJc 
compounds calculated as glycerol is ascertained 
by the acetin test. 

Method of Calculation . — ^The sp.gr. at 20”/20° 
of a glycerin corresponding to the acetiii value 
of the distillate as found above is ascertained 
from specific gravity tables (c/. Tables III and 


TaTU.E XlV'.— kACTOUH FOR I^SK IN TIIK 

Calculation of (iLvcoi. (’ontent. 


Acetin value, ‘' 0 . 

Factor. 

.50 

000134 

55 

0-OO139 

00 

0 00144 

05 

0-00149 

70 

0-00154 

75 

0-00159 

80 

0-00104 

85 

0-00109 

90 

0-(K)174 

95 

0-00179 


An alternative method for the determination 
of glycols is afforded by Fa<’luni and Soinaz/.i’s 
process (Ind. Ohi e. Grassi, 1923, Nos. 2, 0, 10; 
cj. Cbein. Trade J. 1923, 73, 127, 702; Chim. ct 
Ind., 1924, Spec. No., p. J18D). These authors 
determine the apparent glycerol content by the 
dichromatc titration method which is suitably 
modified so that the carbon dioxide evolved by 
the oxidation may bo collected and weighed. 
From a consideration of the two relations : 

(!) C3HJ0H)34 70-3C0.^+4H20, and 

(2) CaHelOH)™ ! 80 = 3002 + 4 H 2 O 

it is evident that the glycol content can bo 
readily calculated from the dichromate figure 
and the amount of carbon dioxide produced. 
The value of this method for the analysis of 
crude glycerins is confirmed by Berth (Seifens.- 
Ztg. 1929, 56, 269, 279). 

Uses of Glycerin. 

Besides the well-established use of glycerin for 
dynamite manufacture and in the preparation 
of tobacccvgind in pharmacy, a few of the recent 
applications of glycerin in the arts may bo 
briefly mentioned (see also Darke and Lewis, 
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Chem. and Ind. 1928, 6, 1073; J. W. LaWe, 
“ Glycerol and the Glycols,” New York, 1928): 

Alkyd (” Glyptal ”) Resins . — Glycerin may I)c 
condensed (cBterili(‘d) by heating with phthalic 
acid (or anhydride) (rf. Van llcmmelcn, 1850 ; 
C:oUahan, U.S.P. 1108329/1914) to yield lluid 
produotH which polymenHC and rcHinifv as the 
heating 18 continued These lorin moderately 
soluble “ heal-convertiblo ” (“ gre(;n ”) resins, 
which can be transformed into hard insoluble 
and infusible resins by baking. If part of the 
phthalic acid is replaced, e tj. by succinic acid, 
more soluble flexible resins arc obtained. If 
drying oil fatty acids are incorjin rated, a class 
of ” oxygen-convertible ” or ” oil-modified 
glyptal resins ” can be jirepanal ; these are 
soluble in drying oils and solvent naphtha, form- 
ing varnishes which dry to bard resistant films 
on exposure to air (r/. Kienle, Ind. Eng. Chem. 
1929, 21, 349). Tliesc glyptal resins are ex- 
tensively used in laccpiers, air-dryiiig or baking 
varnishes, in.sulating and petrol-proof varnishes, 
adhesives, ct.c., and also for small moulded 
articles. 

Glycerin is used as a moistening and pre- 
serving agent in many food jiroducts and in the 
maiiuf^acture of printer’s roller compositions and 
various inks. It has been applied successfully 
as a drying agent for town-gas (r/. Kneeht and 
Muller, J.S.C.l. 1924, 43, 177t), and for a time 
it was used in France as a dehydrating agent for 
alcohol (Mariller and Granger process : r/. Pupie, 
C'him. et Ind. Spec. No. J!)25, 2108; Chim. 
et Ind. 1928, 19, 390 (84t) ; Mariller and 
Granger, Addn. V. 27171 and 25033 to F.P. 
512053 ; Van Ruymbeke, F.P. 539103), Glycerin 
solutions have been suggested for Htccl-queiidi- 
ing {v. Scott, Trans. Amer. Soc. Steel Treating, 
1924, 6, 13). 

Glycerin is widely used to provide circulating 
non-freezing solutions, e.g, for motor-car 
radiators ; such solutions may with advantagi* 
eontaiii small amounts of anti oxidants and 
even when supercooled freeze without ju-o- 
diicing dangerous pressures by expansion. 

The figures in the following Table XV of 
the freezing points of glycerol solutions aj‘e taken 
from Lane (Ind. Eng. Chem. 1925, 17, 924). 


Table XV. — Fbewzing PoI^T of Glycerol 
Solutions (Lane). 


0/ 

/o 

(Jlycerol 

(by 

weight). 

F.p. "C 

*'0 

Glycerol 

(by 

W('iRht) 

F.p. "('. 

'^/ii 

Glycenil 

(by 

weight). 

F p "C. 

11-5 

- 2-0 

64-0 

-41-5 

70-9 

-37-5 

22-6 

- 60 

64-7 

- 42-5 

750 

-29-8 

260 

- 70 

65-6 

-44-5 

75-4 

-28-6 

33-3 

-11-0 

66-0 

-44 7 

-790 

-220 

44*5 

-J8-5 

6()'7 

- 46*5 

84-8 

- 10-5 

500 

-230 

671 

-45-5 

90-3 

- 10 

530 

-2()0 

67-3 

-44-5 

95-3 

+ 7-5 

(K)-4 

-350 

68-0 

-440 

98-2 

+ 13-5 


Glycerol solutions can be much si^ercoolcd 
without crystallisation taking place ; seeding is 
usually necessary. But as stated above, large 


quantities of glycerin will solidify when left 
undisturbed for long periods at low temperatures. 

A paste made by moistening litharge with 
glycerol sets rapidly without contraction to a 
hard cement-like mass. By selecting suitable 
proportions, and diluting with other oxides, 
iuller’s earth, etc., the setting-time can be 
varied, and a series of useful cements and 
luting-compounds prepared (c/. Stftger, Z. angew. 
Ghem. 1929, 42, 370 ; Gleason, Paper Trade J. 
1932, 95, T.A.P.IM. Sect. 169; Neville, J. 
Physical Chem. 1926, 30, 1181). 

For many of these purposes, including nitra- 
tion, ethylene glycol may be substituted for 
glycerol, and should the price of the latter 
increase the glycol may prove a serious rival 
(v. Dynamite, Vol. IV, 242d). 

Derivatives of Glycerol. 

For compounds of glycerol with metal oxides, 
see p. 56c. 

Esters of Glycerol . — As a trihydric alcohol, 
glycerol is capable of forming esters with organic 
or inorganic acids, or esters containing both in- 
organic and organic acid residues. 

Organic Esters of Glycerol — Glycerides . — 
The most important esters of glycerol with 
organic aiiils are the tri -esters — triglyc^erides — 
resulting from the combination of the three 
hydroxyl groups of the glycerol molecule with 
3 mol. of a higher monobasic fatty acid, which 
form the characteristic and principal components 
of the natural oils and fats of animal or vegetable 
origin. 

By the esterification of only one, or two, of 
the three hydroxyl groups, glycerol forms mono- 
and di-acid esters respectively, which, in the ea.se 
>f the fatty acid esters, are usually referred to 
as monoglycerides and di glycerides. As would be 
expected from the constitution of glycerol, two 
structurally isomeric monoglycorides may exist, 
according to the position which the acid radical 
occupies 111 the molecule. Tliis is indicated in 
the formuliE (i) and (li), in which R represents 
the acid radical. Monoglycerides corresponding 
to these formulie are termed a- and ^-mono- 
glyceridcH respectively. 

CHo— OR (a) 

I 

CH— OH iP) 

CHg— OH (tt' or y) 

(i) 

When a second fatty acid radical enters the 
molecule, diglycerides are obtained : if both 
acid radicals arc alike, two isomers are possible, 
viz. the symmetrical aa (or ay) (iii) and the 
ip (iv) diglyceride : 

CHg— OR (a) CHg— OR (a) 

CH— OH (P) (1h— OR iP) 

CH,— OR (a) or (y) CH,— OH (a') 

(iii) (iv) 

If the two acid radicals are different, three 


CHj—OH (a) 

(tn- OR ()3i 
1 

CH,— OH (a') 

(ii) 



GLYCERIN. 


isomers (v), (vi) and (vii) are possible, wliich |AItlioiigh theoretically any trighTcridea con- 
mav be termed mixed dielvrenrlps ” • tiSning an asymmelnc carbon atom may exist 

in optit‘aUy active isomeric forma, aucli active 
glycerides have never been found in the natural 


may be termed “ mixed diglycendes 
CHa— ORi (a) 


CH,— OR, 


CH-OH (^) CH-OR^ 

CHg—ORa (a ) CHji— OH 

(v) (vi) 

CH2— ORj 

CH— ORi 

CHg— OH 

(vii) 


fata as recovered from animal or vegetable 
tiasues ; in all tlio known cases of optically 
active oils, e.g. castor oil clmnlmoogra oil 

(</.<’.), the activity is due to the presence of 
optically active fatty acids combined in the 
glycerides. B. ISnznki, however, suggests (Broc. 
Jmi). Acad. Tokyo, lllUO, 6, 71 ; 11131, 7, 222) 
that in the living animal the glycerides may be 
optically active, but that raciMnisation sets in 
cry rapidly after the death of the tissues and 
X traction of the fat. 


The a-monoglyeeridca (i), the aj3-digl3u*erides 
(iv) and the three mixed digl^^ccridcs con- 
tain an as^'innietric carbon atom, so tlial, 
theoretically, two optical isomots arc possib c 
m each of these cases, and the ordinary syn- 
thetically prepared inactive compounds pn*- 
suinably represent racemic forms. 

Grim and Limpacber (Her. 1927, 60 [f? 
255; r/. ilmi. 2G(j) liavo sncct-cdcd iu rcsulvn 
the suljiliurie ester of a/S-distearin into t\\ 
jractions by means of the brucine or str^yelmir 
salts; the potassium salt of tin* lecovert 
<liRtearin aul])hate exhibited optical activity 
cold solution, although the distcaiin prc[)ar( 
from it was caitirc 1}^ inactive. 

Abdi'rhalden (Ber. 1915, 48, 1847) and Ber 
mann ei al. (Z. physiol. Chein. 1924, 137, 27, J ) 
haA"e synthesised aniino-ajS-digl^n'cridcs (diacj - 
uimnopropaiics) Avhicli could ho rcsolvetl in > 
o})ticai antipodes, from which in turn vc - 
slightly optically active a/?-diglyccridcs w(‘ 
obtained. Optically active mono- and ti 
glycerides have also been synthc'siscd from 
c/-(+)-acetoiic-glyccrol by 11. 0. L. I'^isclicr and 
Baer (Naturwiss, 1937, 25, 588; Baer and 
H. O.L. Fischer, J. Biol, (tieni. 1939, 128, 179). 

If oner or more of the fatty acids concerned 
is (are) optically active — ricinolcjc, ctianlmoogric 
or hydnocarpie acids, foi examjilc — they confer 
optical activity 011 their gl^a^.erides, ajiart from 
any consideration of the configuration ol the 
acyl groups within the glyceride molecule. 

Mono- and di -glycerides do not appear to occur 
in natural fresh fats, hut very strong evidence 
has been adduced to show that these esters are 
formed in the course of slow hj^lrolysis of the 
natural triglycerides ; hence they may he found 
in fats and oils which have become rancid by a 
natural process on exposure to air, hghl and 
moisture. 

Diacetin, the diglyceridc of acetic acid which 
finds some use as a solvent is discussed m the 
article Acetin. 

All the tri-csiers of glycerol (the triglycerides 
or fats) may exhibit sterco-isomcnsm ; the follow 
ing varieties exist in the natural lat.s : one forn 
of simple triglyceride, C 3 H 5 (OR )3 in wind 
all the acid radicals are alike ; two tj’^pes o' 
isomeric mixed triglycerides in which two of thi 
three acid radicals are identical (e.^. a-olcodi 
stearin and jS-olcodistearin) ; and three isomeri' 
mixed triglycerides- in which all three fatty acii 
radicals arc different. 

VoL. VI.— 6 


PllEFARATION OF GlYCERIDEH. 

a-MonoglvctM‘idcs and aa'-diglyccriflcs may bo 
prepared by treating the corresponding a-mono- 
clilot'oliydnn and afi'-dichlorohy^dnn r(‘Mj»cctivcly 
(or the (‘orrTsponding hr'omo- or iodo-hydrms) 
with the sodium, potassium or silver salts of 
he desjn-d fatly acids ((hitli, Z. Biol. 1902, 44, 
8, Kralft, Ber. '903, 36. 4339). Mixed di- 
glycerides arc obtained by treating an a-acyl- 
I'-chloiohydrin with the potassium salt ot the 
u'coird fatty acid (Giuri ami iSkopriik, ihid. 
1909, 42, 3750). By treating diglycendes with 
an acyl chloiidc, ,i 1 lin’d fatty acid radical may 
he introduced into the molciiilo. Siin])le tri- 
glycerides ani als(» fornu'd (together with Home 
li- and mono-glyccridi') h_v heating glyi!CTo] with 
r^veess of tho latty aciil (Ihrlhclot, Ann. (^hini. 
l^liys. 1854, [liij, 41, 21t), 240; cf. Scheij, lU*c. 
trav. chim. 1890, 18, 109) ; by heating tho 
sorhuni or .silver salt of the fatty acid with 
1 fcidu’omohy drin (Girth, Lc . ; rf. Barthcil and 
Voii V(*lsen, Arch. Bharm. 1900, 238, 201, 207) 
or by heating mono- or diglycendes with a 
further quantity of the iatty acirl in question. 

Tho woikers mmitioncd above also attempted 
to jirodme /3-monoglyt*«Tidea and (ijS-diglyccrides 
h}' methods analogous to the. above, e.g. starting 
from /9-chiorohydrjn, or by introdncing a fatty 

id radical (by means of the fatty acid chloride) 
into the )3-position of an a-:icyl-a'-cliloroh 3 ^driii 
and then hydrolysing the a'-ehlorine atom. 

It has been proved, liow’c ver, by K. Fischer 
that, in reactions involving mono- and di- 
gl 3 'ccTides, thoi’o is a strong tendency ft>r the 
acyl (or ethei) radical to enter the glycerol 
mukumle in the a-position, whenever possible ; 
further, migration of an existing j9-acyl group 
to an adjacent vacant a-position occurs very 
readily. It is clear from the work of h^ischcr 
and hiH siiccessors that, in most cases, mixtures 

f a- and jff-monoglyeerides w’ore recovered by 
the carhfer workers from syntheses designed to 
pi-oduoe /9-glyeeridc.s : similarly, most of the 
“ a)9-cliglyeeridc.H *' recorded in tho early litera- 
ture (prejiared, for example, from ajS-dichloro- 
hydrm and fatty acid salts), must have been 
aa'-diglyecrides, or (at best) mixtures of tho 
aa'- and ajS-isomerides. Fischer and Bergmann 
finaUy devised a scries of very mild reactions, 
to be performed in the cold, by which authentic 
a-, aa'- a^d ajS-glycerides can be prepared. For 
the first Byntheses of authentic jB-monoglycerides, 
see Helferich and Sieber (Z. physiol. Chem. 1927, 
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170, 31; 1928, 176, 311); Bergmann a^xd 

Carter (thid. 1930, 191, 211). 

The starting-point of many of these syntheaea 
is “ acetone-gJycorol ” (a)9-iflOpropyli(lcne ether 
of glycerol) 


HO CHg CH O 


^CMe, 


or a^- or ay-henzylidene glycerol. Fatty acid 
radicals are introduced by interaction of the 
free hydroxyl group with the appropriate acyl 
chloride in the preaencc of quinohne or pyridine 
{sec E. Fischer, M. Bergmann and Barwind, 
Ber. 1920, 63 fBJ, 1680, 160G, 1621 ; Bergmann 
eA al, ibid. 1921, 64 [B], 936 ; Z. physiol. Chem. 
1924, 137, 27, 47; Fairbourne, J.C.S. 1926, 
3148 ; Fairbourne et aL, ibid. 1926-32 ; Hibbert 
cl al., J. Aracr. Chem. Soc. 1928 onwards; 
C. G. King ct al., ibid. 1932 onwards). 

I^heae methods have been extended by 11 el- 
ferich and by P. E. Verkade and his collaborators, 
who have atihievcd synthesea of authentic a- 
and jS-monoglyceridcH, aa'- and ajS-diglycendea 
and of mixed tri glycerides of known configura- 
tion by employing the “ trityl ” (triphenyl- 
inethyl) derivatives of glycerol as intermediate 
stages {rf. V^erkade and Van der Lee and col- 
laborators, Proc. K. Aead. Wetensch. Amster- 
dam, 1934, 37, 812; 1937, 40, 680; line. trav. 
ehim. 1936, 54, 716; 1936, 55, 267; 1937, 56, 
306, 613). (The work of Verkade, llelferich 
and others is reviewed in e.rAen30 (with 42 


references) and discussed by Verkade in Fette 
u. Soifen, 1938, 45, 457 ; cf. also F. A. Norris, 
Oil and Soap, 1940, 17, 267.) 

The application of methods of deacylation 
and dctritylation of mixed acyl-trityl-glycerides 
to the determination of the configuration of 
mono- and di -glycerides is discussed in the same 
paper {cf. also Verkade and Van der Lee, llec. 
trav. chim. 1938, 57, 417 et seq.). 

Another method for the synthesis of un- 
syrametrieal simple diglycendes is described by 
llaubert and King (J. Amer. Chem. Soc. 1939, 
61, 3328) : a-monosodium glyeeroxide is treated 
with benzyl chloroformate, and the free hydroxyl 
groups in the resultant a-earbobcnzyloxyglycerol 
are aeylated witti an acyl hahde m the presence 
of quinoline, and the ester so obtained is reduced 
catalytically to the ajS-diglyeeride. , 

Pure triglycerides commonly exhibit th(^ 
])henomeiion of a so-called “ double meltings 
point ” which was originally noted by C3icvreul 
if a glyceride is examined shortly after having > 
been melted and fairly rapidly cooled, it will 
bo found to melt (wholly or partially) at a certain 
temperature, then to solidify again at a higher 
temperature, only to remelt on further heating. 
On the other hand, the crystalline glyceride 
obtained, for example, by crystallisation from 
solution, or a solidified specimen wOiich has been 
allowed to stand for a considerable time after 
solidilieatioii, shows a single melting-point corre- 
sponding to th(‘. luglier figure registered in the 
previous case (c/. Table XVI). This be- 
havioui was ascribed by Dully (.l.C.S. 1853, 5, 


Table XVI. — ^Melting -Point.s of Puke Glycerides (Bomer and Liinprieh). 


Glyceride. 


Tristcarin (from mutton tal- 
low) 

a-Palmitodistearin® (from tal- 
low) 

)3-PalmitodiBtcarin* (from 

lard) 

Stearodi palm 1 tin (from mut- 
ton tallow) 

Stearodipalmitin (from lard) . 


Melting- 
point ^ 

“ TraiiHitioii- 
poiut "2 

Solidir.v ing- 
point 

Ih'giin to 
Boliilily. 

Melting-point of 
glyeerirle heated 
above its " tran- 
sition-point ” 

‘’C. 

"C. 


"C 


73-2 

65'5 

53-6 

58 

73-6 

61-5 

52- 1 

49 7 

55 

63-4 

68-4 

62 2 

500 

55 

68-5 

581 

(48) 

45-9 

52 

68-5 

68-3 

48-2 

45-9 

53 

58-8 


^ Determined by PolciiBke’e method. ^ I.e. lower melting-point. 

® The reverse configurations assigned by Boincr to the palmitodistcarins from tallow and lard respectively 
have been corrected in the light of later liii'ormatlon. 


197) and Heintz (J. pr. Chem. 1849, [i], 48, 
382; 1854, [i], 63. 168; Poggendorff’s Ann. 
Phys. Chem. 1854, 93, 43 ; cf. also Griin and 
Sehacht, Ber. 1907, 40, 1778; 1912, 45, 3691 ; 
Bomer, Z, Unters. Nahr. Genussm. 1907, 14, 
90, 97 ; 1909, 17, 353, 363) to the existence of 
two physical modifications of each individual 
glyceride : viz. an unstable (labile) low-melting 
modification and a stable, high-melting form. 
(Bomer also refers to the melting-p^nt of the 
labile form as the “ transition-point,” but this 
nomenclature must be rejected, since the change 


from the labile to the stable form may take place 
even in the solid state, albeit less rapidly than 
in the molten condition.) 

Crystallisation of the stable modification is 
a slow process (Lc Chatelier and Cavaignac, 
Compt. rend. 1913, 156, 689), and when the 
melted glyceride is rapidly chilled, it first solidi- 
fies in the labile form, which gradually changes 
into the stable modification if it is allowed to 
stand for a prolonged period in the solid state, 
or is warmed for some time a few degrees above 
the lower melting-point {cf. the m.p. of cocoa 
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butter (Vol. Ill, 2356)). Further evidence for gl/cerideu (T. Malkin et al., J.C.S. 1930, 1028; 


the above view wa8 given by the later expen- 
lucnta of Bonier and Jjimprich (Z. Untcrs. Nahr. 
GciiusHni. 1913, 25, 307, 373) and by the work 
of lleiiidcrs, Doppler and Oberg (Roc. trav. t liim. 
1932, 51, 91 7) on the existence of two cr^’fitalline 
modifications of cacao butter ; and the existence 
not only of two, but of three polymorphic modifi- 
cations of glyceriflea (r/. Duffy, l.c . ; Othmer, 
Z. anorg Chem. 1915, 91, 237 ; Nicolet, J. Ind. 
Eng. Chem. 1920, 12, 741 ; and Loskit, Z. physiol. 
Chem. 1928, A, 134, 135) has been established 
by the X-ray investigations of Claiksoii and 
Malkin (J.C.S. 1934, OOti). The highest-melting 
so-called jS-inodification is the stable form 
referred to above, in which the glyceride crystal- 
lises from solution : the intermediato a-form, 
obtained by fairly rapid cooling from a melt 
IS crystalline, but the low^est-meltiiig modifi- 
eatitm, obtained by very rapid cooling, is de- 
scribed by Malkin as not truly crystalline but 
as possessing rather the properties of a glass. 
'I'ho melting-points determined by Malkm for 
\ arioiis simple triglycerides arc shown in 
3 able XVll {cf. Othmer, Loskit, 


FaHLE XVll. — MKIiTINO-PoiNTS ('C.) OF 
FiiicnYC’EiiinES (Clarkson and Malkin). 



j9-f01TH. 

a- form. 

Glnss.^ 

'I'listoaiiu 

(Octadi'cylin) . 

71 5 

05 0 

54 5 

TiiimirK.ann 

(Ili'Iitadi'oyliii) 

03 5 

01 0 

50 0 

'] ripidiiiitiii 

(Urxadcfyliii) . 

05-5 

5(V0 

45 0 

'I iiiicntadi'cylhi . 

540 

51-5 

40 0 

Triinvnstiri 
('i'rtrud(-oyliii) . 

57 0 

46-5 

33-0 

’liil/ildc'cyiin , 

44 0 

41-0 

25 0 

'I'lilauiiii 
( Dodecyliii) 

40 4 

.35 0 

15-0 

'riiiiudcryliii , 

30 5 

20 5 

10 

'Jiica prill 
(l)t;cyliii) . . 

3J-5 

180 

- 15-0 

'J'ricajirvliu 
(Octylin) . . 

9 8~10 




^ 1'licsc trinpcnitiircH are not true nielting-pointR, 
but aio the iricanB of a sTiiall nieltinK-range ; they 
usually vary by -.11° (Clarkson and Malkin). 

^ llcrschberger, J. Anicr. Chem. Soc, 61, 3587. 

In the case of other investigators who have 
only recorded two melting-points for each gly- 
ceride (as is general in the older literature), 
these correspond as a rule with the melting- 
points of the stable form and of Malkin’s lowest- 
melting labile modification. 

33ie property of “ triple melting ” was found 
to be general for all the simple triglycerides 
examined from tricaprin to tristcarin. In the 
case of the labile modifications, smooth curves 
are obtained on plotting the melting-points 
against the number of carbon atoms in the fatty 
acid concerned: the melting-points of the 
stable form, however, show an alternating or 
zig-zag progression {cf. Table XVII) ; or rather, 

1 he melting-points fall on to two curves — the one 
for glycerides of acids with an even number of 
carbon atoms and the other representing the 
odd series. 

The existence of similar triple polymorphism 
was also established in the case of the a-mono 


rf. Fischer, Bergmann and Barwind, Bor. 1920, 

53 [B], 1591 ; Rewadikar and Watson, J, Indian 
Inst. Sci. 1930, 13A, 128) and among the simple 
aa'-diglyceridcs up to aa'-dipcntadccoiu • in the 
■ase of dipalmitin and higher glycerides, only 
two modifications of each glyceride could bo 
found (Malkm ei al, J.C.S. 1937, 1409). The 
transitions between the various forms of the 
diglyeerides is more rapid, however, than in 
the case ot the triglyeeriiles. 

Since the natural fats arc composed of mix- 
tures of several iiiLlividiial glycerides, the 
phenomenon of tlie doubk'- or triple-melting- 
point is liable to be obscured : in some cases, 
however, such as that of cacao butter, which 
consists of a relalivcly small number of com- 
ponent glyi’cridcs, the behaviour on melting 
and solidifying resemhlcs that of a single gly- 
ceride. In all cases, however, if it is di‘sired to 
ascertain the inclting-pomt of a fat which has 
recently been fused, il is necessary to allow the 
sample to stand for at least 24 lioiirs (and pre- 
ferably longer) betore inukmg the test. 

The chemical formulae and melting-points of 
a number of synthetic simple trigl3^ceridos, of 
mixed triglycerides which occur commonly m 
natural fats aiul of somi^ triglycerides which 
have been isolated from bjdrogenated oils are 
shown in Table XVlll (figures drawn from the 
data of authors collated by llilditch in 

Hefter-Schonfeld, “ Ghemie ii. Technologic dcr 
Fetto u. FettprodukteJ’ 1930, Vol. I, p. 197, 
where the original references are quol,ed : 
melting-point data, details of preparation, etc., 
of many monoglyceridcs, diglyeerides anil syn- 
thetic mixed triglycerides together with the 
original relerenees are given in this w’ork, also 
in Lewkowitsch’s “ (’hemistry and Technology 
of Oils, Fats and Waxes,” and m similar text- 
books). 

Triaretin is used extensively as a solvent and 
plaHticiBor(/'. Acetin). 

Glycerol Esters of Inorganic Acids. — 
Glyceryl Chlorohydrins.^^Yhe) glyeeryl ehloro- 
hydrins or chlorides of glycerol arc chiefly of 
interest as intermediate products m the synthesis 
of glycerol from propylene or allyl alcohol 
{cf. p. 42), and as the starting point for the 
older syii theses of glycerides. 

a-Mo7iochlorohydri7i, an oily liquid, b.p. 
227°/7G0 mm. (Berthelot), 1697J00 mm., 
13971 8 mm. (llanriot), 121-5-122-5715 mm. 
(Nivifere) ; d®, 1-338 (Hanriot), d®® 1-3216 (Smith, 
Z. physikal. Chem. 1918, 92, 717), is miscible in 
all proportions with water, alcohol or ether : it 
is formed, together with minor amounts of the 
/J-isomcr, when glycerol is heated at 100°C. 
with moderate amounts of hydrogen chloride 
(Berthelot, Ann. Chim. Phya. 1854, [iii], 41, 
296; Nivifere, Bull. Soc. chim. 1913, |iv], 13, 
893; Compt. rend. 1913, 156, 1628; Hanriot, 
Ann. Chim. Phya. 1879, [v], 17, 62, 67 ; Conan t 
and Quayle, Organic Syntheses, 1932, Coll. 
Vol. I, p. 288). 

With excess of hydrogen chloride— for 
example, by treating glycerol with hydrogen 
chloride in the presence of glacial acetic acid — 
aa'-dichlorohydrin, b.p. 70-73®/14 mm. is ob- 
tained (Conant and Quayle, op. cit., p. 286). 
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GLYCERp. 


p-Monochlorohydrin, b.p. 146718 ram., d® 1-328 
(Hanriofc, l.c., p. 68) can be prepared by the 
action of hypochlorous acid upon ally! alcoho], 
whilst ap-dichlorohydrin, b.p. 182“, is obtained 
by treating allyl alcohol with chlorine. 

Trichlorohydrin (glyceryl trichloride, propcnyl 
Irichlonde), b.p, 168“, is produced by the action 
of phosphorus pentachloride upon diehloro- 
hydrin. 

The bromo- and lodo-hydrins may be prepared 
by analogous methods, using the appropriate 
bn logon or halogen acid (for the synthesis of 
glyceryl-aa'-dibroraohydrin, b.p. 110-112“/20 
mm., r/. G. Rraun, Organic Syntheses, 1034, 14, 
42). 

1 )ata concerning a number of derivatives of the 
chlorohydrina containing fatty acid radicals, 
such as ehlorodilaurin and elilorodistearin, which 
Ik'u been iirepared by Grun ami others in tlu^ 
(((iirse of their work on the synthesis of gly- 
cerides, are collated by J. Lewkowit.seh m “ Oils, 
Fats and Waxes,” fith cd. Vol I, eh. 3. 

The aid ph uric and. catrra of glycerol are ob- 
tiJined by dissolving glycerol in eonci'ril r.ilcd 
sulphuric acid. On liealing with steam, the 
esters aie easily dissociated into glyceiol and 
sulphuric acid. All tliiee possible glycerol sul- 
phur 1 C acids, gl} ceroltnsujphunc acid, glveerol- 
disulj)buric acid and glyi eroJinonusulpliuric 
add are known. 

Nitric acid catera of gh/ccrol — Nitroglycerin {v. 
Expt.osivus, VoI. IV, 40J). 

(ilyrcryl aracnite is formed by dissolving 
arsenious oxide in glycerol and heating to 260". 
Abo\e 260° it decomjioses. It is volatile with 
th(‘ vapouiH of glycerol, lienee, when distilling 
the arseiiitc in a eurrent of superheated steam 
it IS I'lther volatilisi'd unclianged, or ks liydro- 
lysi'd by the steam so that the distillate eontainB 
arsenious acid. Glyceryl arsemte is used in calico 
printing. 

Glyceryl borate. — When glycerol is heated to 
lOO" with bone anliydride a yellow hygroscopic 
mass of glyceryl borate 

CH^Ov 

CHO^B 

IS obtained ; this ester is unstable and is decom- 
posed by water but is somewliat soluble in 
alcohol (W. R. Dunstan, Pliarm. J. 1884, 14, 41). 

Glyceryl phosphoric esters arc obtained by beat- 
ing phosphoric acid with glycerol. The most 
im2)ortant ester, commercially, is ?no?ioglycn yl- 
phosphoricacid, C3H5(0H)20- PO (OH) 2 , which 
forms a scries of salts (sodium, lithium, calcium, 
slroiitiurn, iron, etc.), largely used in jiharma- 
eeutieal ^iractice (especially in France). 

It has been found by Umney and llennott 
(l'r()'\ Brit. Pharm. Conf. 1914, 22) that the 
composition of commercial calcium glyccro- 
jdiosjjhate varies. It should contain at least 
16% of oaleiiim, and may contain added citric 
acid to increase the solubility. The magnesium 
salt should contain not less than 10% of mag- 
ncHiuin, and the ferric salt at least 15% of iron, 
and be soluble m 2 parts of water. Sodium 
glycerojihosphate cf^stallises with 5 mol. of 
w ater. 


[be synthetic glyccrylphosphorio acid ia 
optically inactive aiul consists of a mixture of 
glyceryl-a-monophosphoric acid with some 
glyeeryl-^-monophosjjhorie acid : it is not, how- 
ever, identical with fully raeomised “imtural 
gIyceryl])hosphoric acid ” which may bo re- 
covered from phosjihatides of animal or veget- 
able origin. It lias been showm by King and 
Pyman (-l.C.S. 1914, 105, J23H) that the eom- 
mereial ery.stallised sodmm salt introduced by 
l^mlciic Freres (r/. F.P. 373112) eoiiHLsted of 
sodium glyceryl-/i-monop]insj)hate. Katural gly- 
cerylphosphono acid eoiisists of a mixtuie of 
about 3 jiarls of the j9-acid with 1 part of the 
a-isoiner, anti disjilays a (‘crlairi degree of optical 
activity (cf. KarnM'c/ uL, llejv. C’liim. Acta. 1920, 

9, 3). 

Both glwciy l-monf)pliosphorie acids have 
been prejian'd by Kairer et al. {l.c ) from natural 
lecithin. 'The /i-acitl can he ])reci])itatcd as a 
cry .stall] lie in.solublc doul)li‘ s.Ut with barium 
nitrate. 4'lie «-acul l\)iins only a simph* barium* 
salt, which is j)n‘ci[U(ritctl from solution on 
boiling. 

Both glvccryj-«-mf)no])liosph()i if acid and 
glyctM’yl-^-monopbosjiboiic atid have bts'ii syii- 
tlie.siHC(l by King and Pyiiian (/ c. ; cf. llill and 
Pyman, J C.S. 1929, 2230), the respeiilivtn 
quinine salts nudled at 1.53-164 {cf. m.p, 
166' ictonled by KairtTaml Benz, Il(‘l\. (Kim. 
Ac(a, 1920, 9, 23) and 17S-IS()'’(\ (Jlycervl-tt- 
nionoplio.s])boric acid has also liecn synl litvsiscd 
l)y Karror and icsolvcd into ils optical isomi'i's 
through tlu‘ hlr>chmn(‘ .salt (Karrcr and Benz, 
kc., and ibid, 698). 

Optically active glyccrylphosiiborie acid may 
be synthesised by adding iihosplioryl chloride to 
a solution of t/-tt-biomobydnn in dry iiyndine 
at below — 10°. The bromine is removed by 
lithium hydroxide and the product is i.solaled 
as nearly pure lithium d-glyeeryl-a-])hoH])hate 

HO CH 2 CH(OH) CH 2 O PO(OLi)2, 

L"]}? 4 3'-6P' in aqueous solution. latliium l- 

gly eery Ipliosjih ate has — 3 02“ (Ahder. 

halden and Kiehwald, Bm-. 1918, 51, 1308). 

F(— )-glyecryl-a-monoplK)S})li()rie acid syn- 
thesised Iroin d{ |-)-aeetone-gl>tiuol by FI. 0. L. 
Fischer and Baer (Naturwiss. 1937, 25, 689, 
Baer and II. 0. L. Fiselier, J. Biok Chem. 
1939, 128, 491) is stated to bo identical with 
the natural product obtained from lecithin. 

Phosphatides. — Very great physiological 
interest, as w^ell as some commercial utility, 
attaches to a group of mixed triglycerides wdiieli 
contain both fatty acid and phosphoric acid 
residues, and are knowm as jfhosphatides (Thiidi- 
chum), (Loathes) or phosj)ho- 

ainino lipids. 

Altliougli their precise r61e is not yet fully 
understood, it is clear that the phosphatides play 
an extremely important part in tlie fat-meta- 
bolism of the living organism. 

In these compounds, two long-chain fatty acid 
radii’als (wdiieh may bo saturated or unsaturated, 
e.g. stearyl or oleyl re.sidue.s) and one phosfihoric 
acid residup arc combined with glycerol : further, 
one of the two remaining free hydroxyl groups of 
the phosphoric acid nucleus is combined with 
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an organic base — choline in the ease of ^le 
lecithin group of pho.sphatidcH, and colamine 
(/9-ainiriocihanol, ^-hydroxyethylaminc) in the 
case of the kcphalins. Tin*. ])hosphatidcH, which 
arc dcHcribcd more fully elsewhere (r/. II. and 
I, 8. MaeL(‘aTi, “ Ijceithjn and Allied Substancea ; 
— The Lijiins,” Jjoiidon, 1027; Thierftdder and 
Klonk, “ ( 'hemic der Ccrebroaule u. Thoapha- 
tide,” Berlin, lOIlO; Loathes and Raper, “The 
Rats,” J.(Ondon, lO^f)), are found widely dis- 
tributed ill Hinall (juantitiOH in animal and 
vegetable Ijssues (freciueiitly iii association with 
fats), and especially in the physiologically active 
organs and secretions such as the brain, liver, 
blood, egg-yolk, milk, etc. Tlicy occur in 
smaller cpiantd les in plant tissues, notably in the 
seeds of the soya bean. 

Ror thf“ separation of a- and /3-leeithins and 
-keplndms from soya bean and brain phos- 
jihatides, vj. H. Suzuki and collaborators (Y. 
Yokovamn ftnl.), Rroc. Imp. Acad. Tokyo, 1930, 
6, ;Ui ; 1931, 7, 12, 22G ; 1932, 8, 1H3, 35H. 361, 
421, 42H, 490). 

Rotlies of tlie lecithin and kejihalin type con- 
taining saturated fatty acids have been syn- 
thesised by (Irun and Limpacher (Her. 1926, 
69 [RJ, L'lhO; 1927, 60 |R], 147; (f. Hundes- 
liugen, ,r. pr. Rhem. 1883, [li], 28 , 219): the 
eonh’gnralion of these products is discussed by 
Verkade and Van der Lee (Vroc, K, Akad 
Widenseh. .Amsterdam, 1937, 40 , 858; Fette u. 
Seifen, 1938, 45 , 457) and by Kabashima and 
Suzuki (Proe. Imp. Acad. 3\Vkyo, 1932, 8, 492; 
Kabashima, Her 1938, 71 [H], 76, 1071). Thos- 
phatides eontaining oleic and other unsatiirated 
acids have been synthesised by Grun and 
Meniinen (unpublished ; v. Hefter-Schbnfeld, 
“ Rhi'in. u. Technologic d. Rott<) u. Rettpro- 
diikte,” 1936, Vol. 1, 483 ; method fiatented by 
Ro(Tiuann-La Roche & Co., A. -CL, G.P. 608074). 
For the synthesis of cdiaidmoogryl and hydno- 
earpyl glyeerophosphatides, sec Wagner-Jauregg 
and Arnidd, Her. 1937, 70 [HJ, 1459; Arnold, 
ibid. 1938, 71 [B], 1505. 

The new methods of Verkade and his col- 
laborators for the synthesis of glycerides {see 
above) may also be adapted for the synthesis of 
glyceropliosphorie acids and phosphatides of 
known configuration. 

The phosphatides are soluble in fats but differ 
from these in being soluble in alcohol and in- 
soluble in acetone : they emulsify readily with 
w'ater, and hence find extensive coininercial use 
as emulsifiers in the manufacture of margarine 
and other technical emulsions, as additions to 
soap and as a viseosit^'-modi lying agent in the 
nianufacturo of chocolate {v. Vol. Ill, 87c). 
Lecithin recovered from soya beans now largely 
replaces lecithin prepared from animal sources 
(egg-yolk, brains) for commercial purposes. 

Glyceryl Ethers.— Mono- and di-alkyl (or 
aryl) ethers may be prepared by treating the 
corresponding chlorohydrins with the appro- 
priate alcohol and caustic soda. The tri-ethers 
are made from the di-alkyl derivatives by 
reaction with sodium and an alkyl sulphate. 

These ethers are stable, inodorous com- 
pounds, possessing excellent solvent f)ropertio8 
for organic substances, such as nitrocellulose, 
resins, oils, etc. The following belong to the class 


of “high boiling” or “medium boiling” 
solvents: monomethyl ether, b.p. 196”; di- 
methyl other, b.p. 169”; trimothyl ether, b.p. 
148” ; monoethyl ether, b.p. 230” ; diethyl 
ether, b.p. 191“ ; triethyl ether, b.p. 230” ; 
di- isopropyl other, b.p. 112”; di-i5oamyl ether, 
b.p. 270”. The properties of a number of 
glyceryl others (and also of some glyceryl 
acetals and ketals)arc listed by I)ii Puis, Lentil 
and Segor in Oil and Soap, 1941, 18 , 31. 

Some, c.g. the diethyl ether ^ are list'd as lacquer 
solvents, and others, e.g. the mixed ditolyl ethers 
(b.p. 200-2 1 0720 mm. in steam), as plasticisers 
{ef. Fairbourne, Chem. and Ind. 1930, 49 , 1021). 
The lower members of this series arti water- 
soluble. For the configuration of the isomerie 
glyceryl ethers, see Fairbourne (-).('. S. 1930 et 
seq.) ; Hibbert (J. Amer. Chem. Soc. 1928 cf, 
seq.). 

The aP -iso propyl idene ether of glycerol 
(“ acftone-glyrerol ”) and the aj5- and aa - 
benzybdene ethers are of interest in con- 
nection with the synthesis of artificial glycerides 
{see p. 6()a). 

Polyglycerols ; Diglycerin. — Diglyrcrin 
(Diglyceryl ether, diglyceiyl idcohol, bisdi- 
hydroxvpropvloxidt* (Ncf, AnnaJiMi, 1904, 335, 
239)), ‘(H0)2C3H5-0 -C.jH 5(0H)2 . ih the 
lowest member of a senes of condensation pro- 
ducts — (‘Rhei‘.s — of glycerol which are. formed 
whmi glycerol is heated. It is present in, and 
may be siqiarati'd fiom, the ghjccrln foots 
or still residues olitained in the distillation of 
glyeerin. In ordinaiy einiimstances, hoAvever, 
it IS more eonvenient to maiinfat tine diglycerin 
and polyglyeerols b}' the eondmisatioii of pure 
glycerin {rf. C’laessen, G.P. 181754, 198768; 
Nobel Ex])losiveH (Jo. et nl., B.P. 24008/1910; 
Lever Bros. Ltd., B.P. 4421)50 ; U.S.P. 2071459 ; 
Henkel & Cie, G.P. 494430; l.G. Farbenind. 
A.-G., G.P. 575911, 623482). The condensation 
of glycerin by heating it in the presence of mag- 
nesia or silica is claimed to lurriish a product 
con-sisting largely of diglycerin. Iodine has 
been used as catalyst for the condensation by 
Hibbort (ILS.P. 1126467) and Lewis (J.S.C.i. 
1922, 41 , 97t), but this method is adversely 
criticised by Rayiier {ibid. 1922, 41 , 224t). 

LourrTi9o (Ann. Chim. Pliys. 1863, [iiij, 67, 
299) prepared both diglycerin and trigl3’'cerin, 
(CcjHgoOj), b.p. 275-285”/ 10 min., by heating 
glycerol wdth monoehlorohydrin. 

Diglycerin is an extremely viscous, hygroscopic 
licpiid, b.p. 267-260”C./30 min. (Lewis), 261- 
262”C./27 mm. (Nef, /.c.) ; 235-240”C./6 mm. 
(Nivi6re, Compt. rend. 1913, 166 , 1776), d'^ 
1-3215; dJJ 1-3183 (Lewis). 

Poly glycerols. — As the temperature of the con- 
densation of glycerin is increased, “ poly- 
glycerols ” of higher molecular weight are 
formed. Thus Rangier (Chim. et. Ind. 1929, 
Spec. No. 8e. (Strasbourg and Luxembourg, 
Congr. de Chim. ind., (1928), p. 535C) has isolated 
tri- (r/. Louremjo, Lc.), tetra-, penta- and hepta- 
polyglycerols together with other unidentified 
solid condensation derivatives, from the products 
of the polymerisation of glycerol at 246-265°C. in 
the presence of sodium acetate. Rangier {l.c.) 
suggests that condensation products of the 
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glycide typo (i.c. in wliich Mater has been 
eliminated between adjacent hydroxyl groups of 
the same glycerol nucleus) may be formed as well 
as the ether-type of condensation derivative. 

Apart from the older use of glycerin foots in 
the manufacture of shoe- blackings, hectograph 
mass, etc., applications of polyglyccrols or their 
esters (including esters of fatty acids and of rosin 
acids) as lathering and detergent agents, or as 
assistants in the drawing of threads of cellulose 
derivatives have been proposed in various 
patents. 

Kor methods of analysis of mixtures of di- 
glycerol and glycerin, cf. Rayner (lx.), Lewis 
(lx.), Lawric (op. cit., p. .‘103). 

E. L. and H. E. C. 

GLYCIDIC ACID, 

O 

/ \ 

CHj-CH CO 2 H. 

d\-Glyci(Hc acid is prepared by the action of 
alcohobc KOH on the mixture of d-chlor- 
liydracrylic acid and jS-chlorlactic acid obtained 
by treating acrybe acid with hypochlorous acid 
(Melikow, Ber. 1880, 13, 458; cf. Kreudenberg, 
ibid. 1914, 47,2034). It is a liquid miscible in 
all proportions with water, alcohol and ether. 
The free acid and its sails readily pass into 
glyceric acid on Marniing with water. The 
ammonium, sodium, potassium and silver salts 
are crystalline, the calcium and zinc salts arc 
amorphous. 

The ethyl ester is insoluble in M'ater and has 
b.i». 10933 (Melikow iind 

Zelinsky, ibid. 1888, 21, 2052). 

d-Olycid%c acid: the potassium salt is prepared 
liy the action of alcoholic KOH on Z-jS-bromo- 
lactio acid and has +30-2”. \-Glycidtc a^id 

is similarly prepared from rf-jS-bromolactic acid 
and has —1 1-7° (Abderhaldcn and Eich- 

wald, ibid. 1915, 48, 116). 

Substituted glycidic acids are obtained from 
aj9-un saturated aldehydes by treatment with 
alkali and cither alkali hypobroraite or hydrogen 
peroxide, c.g. 2 >h<’vylglycidic acid from cinnam- 
aldchydo, and methylglycidic acid from croton- 
aldcJiyde (Kaufmann, B.P. 335391). 

GLYCIDIC ESTERS. Of recent years 
somewhat mysterious bodies appeared on the 
synthetic-perfume market under the names 
“Cig aidchydo (straM' berry aldehyde)” and 
“ Cg,, aldehyde (raspberry aldehyde).” 

These so-called aldehydes are in fact glycidic 
esters, cither pure or mixed. 

The manufacture of these bodies, which are of 
considerable importance in the flavouring and 
perfume trades, is described in detail in B.P. 
372013/1931, and is effected by condensing, by 
means of an alkaline condensing agent, a halogen- 
acetic acid ester with a cyclic aldehyde, or with 
an open chain ketone or a saturated cyclic 
ketone. 

The typical strawberry compound, ethyl /8- 
phenyl-j9.mothylglycidate, 

MePhC CH COaEt 


is j[)rcpared by dissolving acetophenone and ethyl 
ehloracetato in benzene or xylene and con- 
densing with Bodaraide. It is a colourless liquid, 
b.p. 132-134°/5 mm., and has an agreeable odour 
resembling that of strawberries. 

The three following esters have a raspberry 
odour: ethyl 4-ethylphenylglycidate, b.p. 155- 
I 6 O 73 mm. ; ethyl 4-mcthylphenylglycidato, 
b.p. 145-147°/3-4mm. ; and ethyl 2:4-dimethyl- 
phenylglycidate, b.p. 150-15573 mm. 

The ethyl esters ol the di-i\wpropylphenyl- 
glycidic acids have musk or ambergris odours, 
and many others of the series are used for 
modifying flavours and odours. For example, 
ethyl 2:4-di-i.s’opropylphcnylglycidate is a liquid, 
b.p. 175-18.573 mm., having an ambergris 
odour. 

E. J. P. 

GLYCIDOL (glycide, epihydrin alcohol), 

O 

/ \ 

CH, CH CH, OH. 

(W-Olycidol. — A yield of 90% is obtained by 
the action of metallic sodium on glycerol mono- 
chlorhydrin dissolved in anhydrous ether. It 
is a liquid, b.p. ()5-G6"/2*2’5 mm., IT'/l mm., 
1-1143, 71^' 14302. 

Characteristic dcrivativt's are the jdicnyl- and 
a-naphthyl-uretha7ies which form colourless 
needles from high-boiling petroleum and melt 
at 60*" and 102“ respocti vely (Rider and Hill, 
J. Amer. Chom. Soc. 1930, 52, 1521). 

Ethers. — Methyl, b.p. 115-118°; ethi/l, b.p. 
124-1267 d^* 0-9640 ; isoantyl, b.p. 1 887 0-90 ; 

phenyl, b.p. 243-244°, 133 723 mm. 

UUycidol has di® 1 1050 and fain -S'Sh". 

(1-Glyeidol has d 1 -1054 and [ aln -f 7-C9°(Abder- 
halden and Eichwald, Ber. J915, 18.55-18()4). 

G L Y CINE. Olycocoli, Aminoacct ic acid, 

CHj NHi 

NH.CH.COOH or | 

CO o~ 

(Sakurai, Chem. Soc. Proc. 1894, 90, 1896, 38; 
Walker, ibid. 1894, 94), was discovered in 1820 
by Braconnot (Ann. Chim. Phys. 1820, [ii], 13, 
114) among the products obtained by docoiii- 
jiosing glue wutb sulphuric acid. It is obtained 
similarly from various proteins (Spiro, Z. 
physiol, ('hem. 1874, 28, 187), and is present as 
the chief amino-acid in the sugar cane (Shorey, 
J. Amer. Chem. Soc. 1897, 19, 881 ; 1898, 20. 
137). 

Pbepabation. — ( 1) From chloracetic acid. 
Chloracctic acid (1 mol.) is dissolved in 4 litres 
of NH 4 OH (ap.gr. 0-90) and allowed to stand 
for 24 hours at 30“ or 2 days at 20° and the excess 
NHg recovered by distillation. The glycine 
solution is evaporated to 500 c.c. and 1 mol. of 
pure silver oxide stirred in until the reaction is 
over. The filtrate from AgCI is concentrated 
to 200 C.C., boiled] to decompose any silver- 
ammonia complex, and again filtered. The 
glycine solution is treated with “ norii ” (1—2 g.) 
filtered and treated with an equal volume of 
95% Eton and after 1 hour at 0° filtered ; 
the separated glycine is washed with 96% EtO H 
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and the crystals dried in a desiccator. YiejU, 

g. (03% containijig 0-1 rnol. % of NH^CI). 
To purify — dissolve the product in 200 c.c. 
water and shake with 10 g. granular “jimaafdc” 
(alter Kolin), li Iter and prcf ijutate the plyrine with 
250 e.e. 0.')% EtOH Wash and dry as above 
Yield, 37 r>g , 50‘*j^ on \sliole process. Ji is free 
from NH3 and CT (Piobertson, ibnl. 1027, 49, 
2S80; urealfio lloiitwell and Kuiek, ilnd. 1030,52, 
4100; Ottc^ii and Hill, dud. 1031, 53, 2707, 
Krause, (3iern.-Ztg. 1!131, 55, 000; Kulikov H 
at., .1. (;en. ('heni. U.N.S.It., 1032, 2, 730, 777; 
Contardi and lla\azzoni, Rend. Ist Ijonib. »Sei. 
Lett. 1033, [iij, 66. 780; (LI* 010412). 

(11) h’loni A nnnwjrrtoiutnlo. — Aininoacetoni- 
trile hydrogen s\d]>hate is hydudysed with 40^)^ 
H2SO4 lor 3 hours at 125 '. The yii'ld may be 
l-'02%. 'file purdiration suggested is: hciit 
the glycine solution by suiierlie.ited steam with 
enough pun* BaCO., to m*utralis(‘ all acids and 
evju'l all NH.,. l*j (*eipitate the barium as 
BaSO^. Treat tlu* liltrate with jmre PbCO^, 
until lu'ulral. and il Cl' is jiresent, cool to O' 
lor about 12 hours, filter and d(‘eomf)ose Avitli 
HgS. forieeritrate tin* gl^eim* solutioii and 
wash the product in McOH (Coekc'r and laip- 
wmth, .I.C'.M. 1031, 1301; .src film Anshnv ami 
King, ibid 1020, 240.5), 

(flyeme can also be obtaimsd by passing 
cyanogen into boiling hydriodu* acid (sp.gr. 
100) (KTiiiiK'rlmg, Her. 187.3, 6, 1351); by 
heating ])o(}issiuni phthalimide with ethyl < hlor- 
aectate (Gabriel and Krosi'herg, ibtd. 1889, 22, 
427), by treating inlrosomaionic ester with 
zme find iicetie acid (Conrad and Sehul/.e, ibid. 
1000, 42, 720) ; by boiling bijijmrie acid with 
stTong sulphuric acid (Cuitius, J. pr, Cbem. 1882, 
111), 26, 145; Dessaignes, Amialeii, 1840, 58, 
322); by treating glyoxylie acid with am- 
monium earbonale and subsi*()ueiitly beating 
to 120^' with liydroehlorie aeul (Eileiimeyt'r, 
juiir. and Kunlm, Iku*. 1002, 35, 2438); by the 
action of liexamethylenetet ramrric 011 jiotjis- 
siuni moMoehloraeetale (iJoureet, Hull. Noe. 
eliini. 1898, [in], 19, 1005; Auger, ibid. 1800, 
[nil, 21, 5). 

In order to obtain the jmre acid, the Bolufion 
eontaming the acid, ]irepar('d by any of the 
above luethods, is freed from ammonia (il present) 
and fri'sbly pri'eipiiated eop])er hydroxide is 
added. The copper suit of the acid which erv- 
stalhses out is liltered off and dt*eoiiij>osed with 
sulphuretted hydrogen. Another method eon- 
eists in separating the acid from the im]>urj1ies 
present by extraction with glycerol (Furbw. 
vorm, JMeifiter, Lucius and Hrunirig, G.F. 
141076; Z. angew\ Chem. 1903, 16, 527). 
Siegfried (G.T. 188005; Chem. Zentr. 1905, T, 
1140; 1006, I, 451; 1007, 1 1, 1466) adds 
barium (or strontium) hydroxide to the ice-cold 
solution, passes in carbon dioxide, firceipitates 
the barium carbami noacetate, 

CH^COO. 

I ^Ba 

NHCOO 

by alcohol and decomposes it into gfyeino and 
barium carbonate, by heating with water (i*. 
Vol. I, 320rf). 


Pbopehties. — G lycine crystallises from water 
in plates and from dilute alcohol in needles 
(are E. Fischer, Her. 1905, 38, 2016; King and 
Palmer, liiocdiem. J. 1920, 14, 582). After dry- 
ing at KXr thf* phitc form begins to decompose 
at 212', wlulst the needle lorm remains un- 
ehanged until at 228^' it turns brown and at 
232 236 ' mcll s, turning purple and evolving gas ; 
s]).gr. 1-1607 (CurtiiJM, l.r.). It is soluble in 4-3 
liarts of cold water and in 030 parts of ethyl 
alcohol (s]).gr. 0 828) but is insoluble in absolute 
alcohol. Hydriodu acid 1 educes glycine to 
ammonia and acetic aeul (Kwisda, Monatsh. 
1801, 12, 419), wdiilst sotlmrn amalgam yields 
ainiiioacet.ddf hyde (JSeuberg, P>er. 1008, 41, 
056; E. fiseber, ibid. j). 1010). Fleetrolysis 
of the acid or the copper salt yields elhyl(*ne- 
diamine (Liluideld, C.i*. 147043; Chem. Zentr. 
1004, 1, 133; Kidding, Her. lOO.j, 38, 1638; 
1007, 40, 757). H\diogeii yn'roxide. oxidises 
glyeiiu* («) glw)\_\lie aiid and loi maldeliyde 
(Dakin, .1. Hiol. Chem. 100.5, 1, 171) ; treatment 
with mtin.s\l (Idoridi* rcMilts 111 the loriuatiou 
ol (Idoiaeetic acid ('rddeii and I'oister, J.C.N. 
I.S0.5, 101). Clyeme and its del 1 vatives are used 
in jiliotograyil^' as di‘\elni)eis m place of jiyro- 
gallol, etc. (I'aibw’. vorii). iMeistei Liieius .'iiul 
Brunmg, (IP. I 12180; V.S.P. 767815; H.P. 
20377/02; d.N.C.l. 1003, 22, 380). For tlu* bio- 
eh(*inistiy ol glyeim*, arc j\oid, A(‘ta. lued. 
Seaiid. 1026, 65, 1, laitidm, lljoilieni. Z. 1020. 
207, 01 ; ICdlbaeber and Jxraiis, Z. jdivsiol. 
(3iem. 1028, 178, 23‘) ; Blix, Nknnd. Arch. 
Physiol. 1020, 56, 131 ; Christman and lOosier 
.I.‘HioI. Chem. 102‘k 83, 11; He, Hev. Noe. 
argentina biol 102!), 5, -108 ; Keiiler, Z. ges. exj). 
Med. 1035,95,217. 

DKUTVATrvhs.- Aromatic Glycines an* pre- 
jsiri'd Iroin aiomalu* amines and monoliulo- 
geiiated aei-lie acids or dihalogi'iuited vinyl 
(“lliers (Imbeii- and Consortium lur Eleklro- 
elunuiselie Industrie, (LP. J09624). (fh/cor.oll- 
amide. is producc'd ai lien glyeoeoll and .'dcoliolii 
ammonia aie heated togel In-r at 160'’. (th/rocoU- 
anilidr is ])re[)ared from clilor- or brom- 
aeetainlide and ammonia (Majert, H P. 5260, 
1801 , (LP. 50121 ; .l.N.C.l. 1802, 11, 360). 

Esters. -Till* r(/ii/] rslcr is ])repa.r(*d by ilie. 
a(*tion of funmoin.i on rhloracetir acid, and 
.subsequent tn*filment of the crude dry yiroduet 
with ab.solute ak-oliol and dry hydrogen chloride 
(Hantzseh and Metcalf, Her. 1896, 29, 1684; 
Ilaiitzseh .and Nilberrad. ibid. 1000, 32, 70) or 
by the iiitei action of liexaniethyleiietetramine 
and ehloraeetie acid and siibsecpient treatment 
as abo\o (Auger, Hull. Noe. elnm, 1890, [lii], 21, 
5). It boils at 51-5-.52-5'^7l^^ mm. and has 
rfj" 1 0358 (Schmidt. Bcr. 1905, 38, 200; see 
also Organic Nyiitheses, 1034, 14, 46). 

The lollow'ing esters and their hydrochlorides 
are described by Abderhalden and Nuzuki (Z. 
physiol. Chem. 1928, 176, 101): Fropyl, b.i. 
50-53^'/16“18 mm., hydroehloride in.p. 73-75''; 
iso/uopj//, b.p. 52-55''/12-15 mm., liydroehjoride 
ni.p. 84-86" ; butyl, b.p. 5.5-58'78-ll mm., hydro- 
eliloiide ni.p. 64-66"; mobutyl, b.p. 60 dkj'/H-l 1 
min., hydrochloride m.p. 70-72°; n-atuyl, b.p. 
73-7678-11 mm., hydrochloride m.p. 118-120°; 
iaoamyl, b.p. 78-80°/8-10 mm. ; and benzyl, b.p. 
03-95/8-11 mm., hydrochloride m.p. 12ti-128°., 





Glycocollaminocarboxylic Acid Esters (v 
Einhorn, Chem. Zentr. 1901, 1, lllC; G.P. 
108027). 

Glycine anhydride, diketopiperazine, 
/NH■CO^, 

CH^C :CH, 

(liflcovercd by Curtins and Coobcd (J. pr. Cheni. 
1888, [ii], 37, 173). It srparates fioni an 
aquoouH Koliition ol glyt ino (‘.ster on long stand- 
ing, but is best pnjp.irod by tn^ating tbo bydro- 
chlorido of the ester with caustie stida (Eiseher, 
Bor. 1900, 39, 2893). It is a A^hite ervstalJiiie 
solid which, on heating, becomes lirowii at 24r>" 
and melts at 275". 

It forms the compound 

C4Hj.02Na CuCl2,2H.p 

with CUCI2, light 1)1 ne rhombic needles. CuBrg 
lorms the < ories|)onding bromide*, bright green 
monuclmie })risnis (Asahina and Dono, Bull. 
Chem iSoc. dajian, 1928, 3, 151). 

Two iiinlecuh's each oJ glycine anhydi ide* and 
silver nitrate combine to form .scaly liLslious 
cry.stals, in 80^’o V^^dd (Asahina, Z. jiliysiol 
(3iem. 1928, 179,83; .sf c n/,so Dono and Asaliina, 
1929, 186, 133; and for FeCI^ DnhskV^ 
Vitii and Larigcr, JVJet.dlliorse, 1032, 22, 1533). 

Acetaminoacetic acid, forms eolonrh ss.com- 
yiact, rhomhie pi isms, m.j). 200 207 ', di'conip. 
((’hattaway, d ('S. 1931, 2495). 

Heptanol mercuric giycocollatc, form.s cry- 
stals, ni.p. 210", decomposed by HCI. It i.s 
very toMe and has no diuretie ('Heet (LcHy, 
Kayaer and iSiirus, Bull. Sci. pharmaeol. 1931, 
38,^573). 

Ethyl aminoacetate glucoside, melts at 112" 
and is soluble in l)ut d(‘(‘omjH),s(‘d by water. 
It bas a bitter ta.ste (If. von Euler and Zeile, 
AniiaJen, 1931,487, 103). 

a-Monoglycylglyccnde, m.p. 107-170', de- 
eomiiosing at 25(C (Weizmann and lla.skellierg, 
Compt. r(*nd. 1929, 189, 104). 

Tile following tlierapcmtie eompoimds are 
described by Clieraisclio Eabriken J. Wicrnik & 
Co., A.-G. : 

(i) Benzyl diethylarmnoaeetate hydrochloride. 
The ester has b.j). 149-150"/12 mm., aaid is a 
.strongly ba.sie oily liquid. The ciystalline 
hydruehloiide is Aa*ry solnhle in water and 
begins to melt at 89"‘(G.P. 537450). 

(11) Benzyl dimethylarninoacetate bydro- 
(Idoiide, the estea’ hods at 13S"/18 mm.; the 
hydrochloride mclis at 110" (G P. 537450). 

(iii) Benzyl trimethylammoacetate hydro- 
ehioride, has m.p. 06-07° and is very soluble in 
water ((hP. 543556). 

(iv) Benzyl triethanolaminoacetate hydro- 
ehlonde, 

(CH2(OH)CH2)3NCI CH^ COOCHgPh, 

m.p. 165° (G.P. 543550). 

(v) Benzyl trimethyJaminoaeetatc hydriodide. 

Me3NICH.3COOCH2Ph, 

is made by the action of CH3I on benzjd di- 
methylaminoacctdte, and has m.p. 136-138“ 
(G.P. 656883). 
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^Glycine reacts with phenols forming dyes, 
giving a blue dyestuff wdth phenol. A dyo is 
also formed if glycine is treated with 40 o.e. of 
25% thymol and 20 c.e. of 5% NH^CI solution 
and bromine added until a red colour appears, 
followed by NaOH until the red colour is just 
discharged (I'Mrth and Gotzl, Bioehom. Z. 1936, 
283, 358). 

for Glycine are described hy Donig^^a, 
Bull. Soe. pliarm. Bordeaux, 1935, 73, 101, 108; 
Sanchez, Semana Med. (Bueno.s Aires), 1930, 
37, 1287; Pfeiffer and eollaborators, J. pr. 
Chem. 1930. [11], 126. 97. 

** CLYCOBROM/' Glyeeryl dihromJiydro- 
<innainat<i. 

GLYCOCHOLIC ACID (r. Vol. I, 089r). 
GLYCOCYAMINE. Guamdoaretic acid, 
NH.C(NH2)NHCH2C0..H. 

GLYCOGEN (r. Vol. ll, 302d). 
GLYCOGENASE (7). Vol. V, 14r). 
GLYCOLLIC ACID, hvdrow acetic acid, 
CH2(0H)C02H, IS prcsi'iit in sugar canc juice 
(75-78*^', of the total acidity), in unripe grapes 
and ill wool wash Avatcr. It is formed liy the 
at tion of alkali on glyoxal, orjmtasHium cyanide 
on loimaldehydc, or by the oxidation of alcohol, 
gluco.se or other sugars, etc. Uii the sin, ill siale 
it is h(‘st pr(*j)ared from chloracelie acid hy 
trcatinerit with lime or other alkali (rf. IJ.S.P. 
2028004), hut technically elect rolytie reduc- 
tion of oxalic acid (G.P.‘ 194038, 204787; rf. 
To|a and Ceva, Giorn. Chim. Iiid. Apph, 15)20, 
8, 3) appears to lie advantagcsius. A iiroeess ol 
oAulising acetyleiK* Avith intermediate* lormation 

01 glyoxal forms arioth(*r siihjeet ol patc'iit elaims 
(U.S.P. 1741391). 

GUcoIIk^ acid forms needU*s (from water), 
m.p. 7S-79'\ although an unstuiile modilication, 
in p. 03°, lias been deseiihed (MulJc'r, Z. jdiysikal. 
Chem. 1911, 86, 219; Nchanm, Sehaeln‘g and 
Klausing, Annalen, 1910, 411, 193). On 

dehydrat-ion it yields the normal acid anhydride, 
as AU‘1I as tile ether anhydride, diglyeollie acid, 
CO2H CH^-O CH2-C02H,and jiofyoxy methy- 
lene. Estc'rs ol glycollie a.(‘id may he* obtaim*d 
not only by normal methods but also hy the 
interaction of anhydrous alcohols with sodium 
cldoraeetati^ (B.P. 337009) ; 

CHgCI CO^Na 1 R OM 

CH.2(0H)C02Rf NaCI 

Glycollic esters of long-chain ahpliatic alcohols 
are of value in that they combine with sodium 
thiosulphate to give soaii-hke eomjxninds. 

GLYCOLYSIS. Dkfiisition. — T he term 
“ glycolysis ” was originally applied to the pro- 
cess by Avhieh sugar contained in blofxl gradually 
disappears Avlicn blood is alloAied to stand 
under sterile conditions outside the body. 
This pbenomenon A\'as lirst not(*d by Claude 
Bernard and the term “ glycolysis ” was intro- 
duced l)y Lepine. The disajipcaraneo of glucose 
was ascribed by Stosse, and by Embden and 
Ivraus (Biochcm. Z. 1912, 45, 1) to an enzymic 
fission of a molecule of the carbohydrate into 

2 rnol. of lactic acid, 

NoAvatays the term “ glycolysis ” is under- 
stood to cover a wider field than that involved 
in the breakdown of glucose in blood. Many 
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investigatioiiH Hinre Jxijiine’H work have nhov^ 
that the breakdown of earbohydrato into lactic 
acid iH a common characieriHtic of Jivmp; ccIIb 
T ho claHsical invcHti^^ations of Fletcher and 
HopkiriH ill 1907 on lactic acid formation in 
muHclc jaiintcd to the gr(;at phyKiological iiii- 
portaiKo of the procesHCH involved in th< for- 
mation ol k'K't ic acid from carbohydrate. T(»- 
day it ih reco^nirtcd that many, and ])robably 
all, of tlu'Hc proecHHCH arc linked together in the 
normal metabolic cventH of the living cell. 
Each has its part to play in the ct'll c(|uili))ria 
even il tlic (‘onditions arc such that lactic acid 
ivc makes no a,ctnal ajijicaraiK'c. 

It is usual now to dedinc th(‘, term “ glycolysia ” 
as t/h(' sf'cjncnce of jiroccsscs involv(‘d in the bio- 
logical Jorination tjf lactic acid from carbo- 
hydrate 

There has Ixa'ii a tendency in certain schools 
of liiochcrriiistry to n^stnet the term “glycolysis” 
to the proc'CHHCH involved in the tormatioii of 
lactic acid Irom iiolysaccharidcH, glycogen in 
particular. “ (lliicolysis ” has been the name 
given to the ])hcrioTm*non of glucose breakdown 
t(» laidic acid, and “ Iructolysis ” has been 
ap])lied when the sugar in ({uestion has been 
Inictose. The majority of woikers at present, 
however, use th(‘ term “ glycolysis ” in its w'idcr 
moaning — the biological yirodut titm ol lactic acid 
from all lorms of carbohydrates. Accoidmgly it 
will be discussed in this sense in this article. 

REFiATTO^f 'I’o ]^'JCRMJCNTAT1()N. — Oui* present 
knowledge of glycolytic processes has grown w ith 
our knowledge of the processes involved in the 
alcoholic fermentation of glucose by yeasts. 
1’he two jihenomena are intimately r(‘lat(‘d, the 
facts concerning one bearing in gieat detail on 
those concerning the other. The reailer is 
referred (o the articli's on Fkumentation for a 
full deserijition ol many of the substances and 
reactions which are important both in glycolysis 
and fermentation. 

JIlood Glycoiasis. — This process, the first 
example of the biological breakdow n of glucose, 
into lactic acid to be investigated, varies in sjieed 
in the blood of animals of dilVcrciit species. Jt is 
relatively rapid in the blood of dog and slow in 
that of rabbit. Eiigelhardt and Ljubimowa ( Bio- 
ehem. Z. HKIO, 227, ti) give the following order of 
glycolytic activities of the bloods of diflerent 
animals : ox>goat>dog>'horse>'gninea-pig> 
nian>rabbit (,scc, liowcvcr, Burger (Areh. Exp. 
Pharm. Path. 1930, 150 , 298) who considers the 
glycolytic activities of the bloods of guinca-pig, 
man, rabbit and rat to be about the same). 
The velocity of glycolysis in blood is approxi- 
mately constant at 37° for the first 2 or 3 hours, 
about 20 mg. per cent, glucose per hour dis- 
appearing in the case of human blood. The , 
velocity of glycolysis falls off more and more | 
sharply after the initial constant period, this 
being largely due to the development of aeid 
conditions caused by lactic acid liberation. 
According to llocbe and Roche (Compt. rend. 
Soc. Biol. 1927, 96 , 361) a decrease in blood p^j 
of 0-5 diminishes the rate of glycolysis by 30- 
40% ; it ceases atjin 5-6 and is optimal at jin 8-2. 
Three hours’ glycolysis causes a drop Pu of 
0- 2-0*3. Tho temperature coefficient of the 
process is 2-1. 


According to Irving (Biochem. J. 1926, 20 , 
G13) blood glycolysis takes place in red blood 
cells, lysis of which results in a disappearance 
of the glycolytic process. Apparently, therefore, 
integrity of the cells is important for the accom- 
plishment of the breakdown of glucose, (ff ycolysis 
does not occur in scrum or plasma. Red blood 
cells which have been washed with saline solution 
(0 9% NaCI) will bring about glycolysis in a 
glucose-saline solution. Meyerhof (Biochem. Z. 
1932, 246, 249) has showm that it is possible to 
separate a glycolytic system from tlie red blood 
cell. 

Both leucocytes and erylhroeytes eontriluitc 
to the glyeolysiH of blood, the former being much 
more reactive per cell than the latter. Ratios of 
100:1 and 1,000:1 have been recorded (Maclean 
and Weir, Bioeliem. J. 1925, 9, 412). It has 
been calculated that 0-36% of the glycolysis 
ol normal blood is due to the leueocytes. 

The rate of bhiod glyeolysiH, in contrast to 
that of intact tissues which will be discussed 
later, is the same whether the reaction takes 
place in oxygen or nil.rogcn (Katayanm, .1. 
Lab. (’lin. Med 1920, 12, 239) This is to be 
correlated wall) the fact that the rcspiratjoii of 
red blood cells is practically nil. The rate ol 
aerobic glycolysis of leucoryt(*R which are 
capable of respiration, is a little less than that 
of anaerobic glycolysis, but tins has been dis- 
puted (Bakker, Klin. Woeb. 1927, 6, 262). 
Levene and Meyer (J. Biol. Gheni. 1912, 11, 301 ; 
12, 2<J6) found that leiieoeytes form lactic acid 
from glucose, mannose and galactose. 

The rate of glyiolysis in blood is independent 
ol tho concentration of glucose when this lies 
w'lthin thr; limits found in human blood. There 
is no difleienci^ between tho lates of glyeolyais 
of the blood of normal and diabetic individuals. 
Aihlition or absence of insulin has no inffuence 
on the process. 

Little is known with certainty of the, meehan- 
isin of the glycolytic pro (esses in blood. There 
IS evidence to suggest that a phosphorylation 
takes place (Meyerhof, Biochem. Z. 1932, 246, 
249) and the indications are that the pro- 
cesses are similar to those taking place in otlicr 
tissues. 

Glycolvsis in Muscle. — According to von 
Furth {ibid. 1916, 69, 199) there are between 
350 and 660 mg. lactic acid in 100 g. fresh 
muscle of man, horse, dog and ox. The lactic 
acid arises chiefly from breakdown of muscle 
glycogen. Fletcher and Hojikins (J. Physiol. 
J907, 36, 247) show-ed that lactic acid is formed 
when frog’s muscle contracts in the absence of 
oxygen but that under aerobic conditions tho 
Jaetic acid does not accumulate. It was con- 
•hided as a residt of investigations of Hill and 
Meyerhof that during the contraction of muscle, 
jlycogen breaks down to lactic acid, the energy 
liberated being used for tho contraction. After 
relaxation of the muscle, lactic acid is re- 
synthesiBed into glycogen, tho energy foi re- 
synthesis being Bupplieii by the complete oxida- 
tion of a fraction (-^) of the glycogen. 

It is known, however, that during the con- 
traction of muscle phosphates make their appear- 
ance as well as lactic acid. Addition of phos- 
phates in excess to muscle kept under anaerobic 
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conditions leads to an increased yield of lactic 
acid. lIcxoscdiphoBpliate formed during the 
fermentation of glucose by yeast, yields lactic 
acid and free phosphate in the presence of muscle 
juice, and the addition of this ester to a con- 
tracting muscle has much tlio same effect on the 
yield of lactic acid as the addition of phosphate 
and glycogen. These observations led Embden 
and his colleagues to suggest that the piccursor 
of lactic acid in muscle was a carbohydrate- 
phosphate complex to wliich they gave the name 
lactacidogen. '.rhey isolated sucli a substance 
from t he fresh pulp of striated muscle and showed 
that it yielded an osazoue on treatment with 
phony Ihydrazme, identical with that formed 
from liexosodiphosphate preprared by yeast fer- 
mentation of glucose. Embden and Zunmer- 
mann (Z. physiol. Chem. 1924, 141, 225) pre- 
pared the briieino salt of lactacidogen (1 5 g. 
of the re crystallised salt from the muscles of 
one rabbit) and proved it to bo the salt of hexose- 
diphosiiliorie- acid. Its physical properties (solu- 
bility, optical rotation and melting-point) were 
identical with the same salt of liexosediphos- 
phorie acid obtained from yeast. It is to be 
concluded that the same phosphoric acid ester 
IS involved in museiilar eonlraetion as in yeast 
fennentation ; that in the former ease it is a 
precursor of lactic at id and in the latter ease of 
alcohol. 

A further phosplioric acid ester important in 
the sequeiieo of metabolic! events in contracting 
muscle was then discovered (Eggleiou and 
Egglcton, liioehom. J. 1927, 21, 190). This 
ester is hydrolysed during muscular contraction 
and is rc-s^mthesised after relaxation ; it was 
proved liy I'^iske and Siibbarroiv (Science, 
192(), 65, 4().‘l) to be jihuspliocrcaiine (1). 

/OH 

HNP O 

I 

C-NH 

I 

CH3 N CHg COOH 


fsential for the fermentation of glucose by 
yeast was followed by investigations as to 
whether muscle glycolysis was ec^ually in need 
of a co-enzvmc. Meyerhof (Z. physiol. Chom. 
1918, 101, ‘165; 10^ 1, 185) showed that a 
eo-orizy me was required for lactic acid formation 
in muscle and he came to the conclusion it was 
related to the cozynmso of Harden and Young. 
Work by Euler and Myrbaek proved that the 
co-enzyme contained adenine and phosphoric 
acid and indicated it to be adenylic aeicl or a 
denvatne of this substance. Lolimann in 1929 
isolated from muscle adenylpyropliosphatc (11) 


N:C NH 

I I 

HC C N. 

II II 

N C N^ 


tnu)2 

2 9 

HO PO 

6 

CH HOPO 

— ch[chohvchch2'6 

I : I 


II. 


and this ester has now assumed the greatest 
importance in the sequence of events in the cell 
leading to the formation of lactic acid from 
carbohydiate. 

Meyerhof, Lohmann and Meyer (Biocluun. Z. 
HKU, 237, 497) and Lohmann {ibxd. 1991, 237, 
445) showed that the gl\colytie activity of a 
muscle extract gradually disaiipears on lengthy 
standing at 97“ or 20“ due to autolytic elianges 
and that the activity is restored by the addition 
to the autolysc^d extract of minute quantities of 
adenyl]>yrophos])hate. Autolysis results in the 
disappearaiK’O of this c'stcr which must be 
restored to regain glycolytic activity. If th(‘ 
(extract is dialysed, the loss in activity is not 
restored by the addition of adenylpyrojihos- 
phiite alone but tlio further addition of mag- 
nesium ions is essential. The total i! 0 -enzyint‘ 
system consists of adciiylpyrophosphate and 
magnesium ions together also witli phosphate 


I. 

This ester assumed eoiisiderablc importance 
when Lundsgaard (Bioehem. Z. 1930, 227, 51) 
discovered that muscle poisoned with iodo- 
acetic acid eoniraeted without lactic acid 
formation, but w'ith the hydrolysis of phosplio- 
creatine into creatine and free phosphoric acid. 
It appeared from this discovery that lactic 
acid as such plays no imijortant part in the con- 
traction of muscle and that its formation deiicnds 
on subsequent chemical events. Its production, 
in fact, occurs mainly after relaxation and 
coincides wuth the anaerobic re-synthosis of 
phosphocrcatine. Lundsgaard has shown that 
with muscle poisoned with iodoacetic acid | 
contraction in nitrogen is folio w'od by phos- 
phocroatine breakdown and has put for- 
ward the view that the energy of glycolysis 
(glycogen to lactic acid) is used for the re- 
synthesis of creatine phosphoric acid at a subse- 
quent stage. 

Aden YLPYB oriiosm ATE. — The classical dis- 
covery in 1906 by- Harden and Young of an 
ultra -filterable and thermostable co-enzyme 


10 ns. 

Lohmann (16/^.1991,241,50) further showed 
that whereas adenylpyropliosphatc acted as a 
co-enzyme for lactic acid formation from glycogen 
in a dialysed muscle extract, eozymase had no 
such afiect. 

It IS now recognised that adcnylpyrophos- 
phato owes its catalytic influence <0 its power 
of transferring phospliatc to other molecules in 
the presence ol appropriate enzymes. The 
adenylic acid system is a jiliosphorylating- 
dcphosphorylating system for which magnesium 
ions appear to be indisjiensablc. It is not known 
whether magnesium 10 ns are required for all 
phoaph orylati ng pro cesses . 

The recognition that a-denylpyrophosphate 
acts as a phosphate donator, adenylic acid being 
formed with the loss of 2 mol. of phosphoric 
acid, arose from the discovery that phospho- 
ereatino breakdown in muscle occurs only in the 
presence of the adenylic arid system (Lohmann, 
Naturwiss. 1934, 22, 409). Meyerhof and Loh- 
mann (Bmchcm. Z. 1932, 253, 431) had shown 
earlier tnat synthesis of phosphocreatino in 
muscle takes place at the expense of adenyl- 
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pyruphosphatc. 
eHtabliBhcd : 
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Thu following erpiilibrium 




for tho course of lactic acid formation in 
muscle extract : 


Adenylic acid f 2 PliosplKJcrcatirie 

^Adcny]pyrf)pboH])haLe f 2 Creatine. 

In the presence of a dei)hos])hoiy]nting enzyme 
in the miiHcic extriict, breakniK down adenyl- 
pyrophrjsplnib* to aden Wie a( id and free phos- 
phoric acid, the ecpabbrnini abo\e is shifted far 
to the ri^ht. 

Pkoddcts t*F (!\rinoii V oa\TE Lreakdown 
IN rRT.SEVc'E OK .AIksc le Tissok. — It was showni 
by Lohmann (Uioi'licnn. Z IbdO, 222, 324) and 
by Jajimann and Jjolimann {tbtd. 3H9) that 
muscle tissue in the jji(*sence ol glycogen and of 
fluoride gives rise* to oiher ])hoNph(jric acid esters 
besides the? true Jlardc'n- Voung hexosetliphoB- 
phate to which relenmee has already been made. 
A fraction ol the esters has the. same elementary 
coinjKJSitiori as hexosedi])hos|ilmtc but it is more 
resistant lo acid hydrolysis. These resistant 
“ unh\ drol\ sabh‘ ” estens an* also formed when 
thc‘ monophosphorie acid CMtc'rs of h<*\ 
flesciibed liy llobisoii, Nmibcng and Kinbden 
tire addl'd to muscle (‘xtracts containing tluoiid' 
and ])lios})hate ions. 

Krnbden, Jleiilickc' and Kraft (Klin. Woc'h 
1933, 12, 313) showed that a ecuistituent ot tin 
“ unhydrolysable ” c'ster was phos])hogly(‘c rie 
acid (glyecTie acid-nionoj»hosphorie acid) which 
had already bec'ii isolatc'd in 1930 by ISlilsson in 
his sl udic'S of yc.ist ferment ation ot eaibohydrate. 
Another t onstit uc'iit of the “unhydrolysable” 
ester proved to be* f-a-glycerojiliosphoric aeid 
and the ai id-resist aiit ester was lonnd to consist 
of enuimoh'eular jiroportions of ]»hosphoglyi erie 
acid and glyeerojiliosjihorie aeid, i.c. 

HOoCCH(OH)CH20PO(OH)2 

and 

HO CH2 CH(OH)CHyOPO(OH)2 

Embden and his colleagues found that jihos- 
phoglyeene aeid is transformed into pyruvic 
aeid in jiresenee of minced miisele. They showed, 
moreover, that although the addition ufjiyriivic 
aeid alone, phosphoglyceric alone, or of a- 
glyeeropliosiihoric acid alone to muscle extract 
free from carbohydrate led to no formation of 
lactic aeid, the addition of a mixture of jihos- 
phoglyeerie aeid and of a-glyeerophosjihorie aeid 
resulted in the production of lactic aeid J'hirther, 
the addition of a mixture of pynixie acid and 
a-glyeerophoaphorie acid to muscle tissue led to 
lactic, neid formation according to the following 
equation : 

CH 3 COCOOH + 

H0CH2CH(0H)CH20P0(0H),+ H.,0 
- 2 CH 2 CH(OH)COOH f H 3 Pb 4 

The addition of gl 3 'eeraldehydephosplioric 
acid (synithcsiscd hy Eischer and Laer (Her. 
1932, 65 f JJ|, 337)) to iniiselo tissue leads to the 
formation of' Jactic, aeid (EmbiJen) ; and Meyerhof 
and Kiesshiig (Bioeheiii. Z. 1933, 264, 40) 
showed that in muscle extracts one half of 
the glyceraldehydepliosjihoric acid (one optical 
component) is changed into a mixture of phos- 
phogly ceric acid and glycerophosphoiic acid. 
These facts led Embden to the following scheme 


llexosediphoaphoric acid -► 

2 Triosephosphoric acid. 

2 Triosephosphoric acid 

rhosphogly ceric acid4 a-GIycerophosplioric acid. 
Phosphoglyceric acid 

Pyruvic acid -f Phosphoric acid. 
a-Glycerophosj)hoiie aeid-f Pyruvic acid -> 

Triosephosphoric acid+ Lactic acid. 

MexT-rhof and McEachern (Uiochcm. Z. 1933, 
260, 417) found that m a muscle extract pyruvic 
aeid W'as formed from iK'xosediphosphatc or 
glycogen. On addition of sulphjie the jncld of 
jjynuvie. aeid was huTcased and that of lactic aeid 
decreased. They (onchuh'd that iiyruvic acid 
is a normal intermediate in the formation of 
lactic and, as icquircd by Embden ’s scliemc. 
It was recognised independently b^’^ lOnibden 
and by Mevx'rhof that the formation of pyruv ic 
ai'id in niiiscJe must he accompanied by a simul- 
taneous reductive ])roccsH ; tins was the for- 
mation of a-glyccrophonphoiic acid. 

'flic del ads ot Kmbden’s scheme have been 
confirmed in JMeyerhors laboratory, where 
independent vvoik on the sami' lines was in pro- 
gress. JMe\erliol has develo])ed the si'lierne to 
ajqdy to the foiination ol alcoliol Iroin gliieose 
by yeasf.. 

Meyerhof considered at first that ihe (riosc- 
})ho.s})hate, piodiieed as the initial stage in the 
breakdow’ii of hexosediphospliate, was glycer- 
aldehydephosphoiie aeid. lie. and Lohmann 
(Natnrwiss. 1934, 22, 13*1) found that the tiiose- 
ester formed by the action of dialysed muscle 
on hexosediphos])hate was composed largely of 
diliydroxyacetoncpliosphate, and it was showm 
(Ihocliein. Z. 1934, 271, 89; 273, 413) that in 
dialysed iniisf le extraets an eqnilibiiiim mixture 
of hexosediphospliate and dihydroxyaeotono- 
phosphate is rapidly formed from each other. 
This reaction is controlled hy an enzyme zijmo- 
hejca-se wdiieh is not inhibited by fluoride or 
lodoaeetate. 33ic eipiili briiim obev^s the equation 

[ l)ihydroxyaeetonephosy)liate]“_^^ 

[ llexoscdiphospliatej 

tho hreakdowni of hexosediphosphate being an 
endothermic reaction. Diliydroxyacetunephos- 
phate has been syiitliesised by Kiessling (Her. 
1934, 67 f B], 809). It is decomposed quickly by 
N-NaOH at room temperatiiro yielding lactic 
and phosiihoric acids. With n-HCI at 100° 
iiu'thylglyoxal and phosphoric acid are formed. 
Me 3 'erhof and Kiesshng (Biochem. Z. 1935, 279, 
40) have shown that in dialysed mnsele phos- 
phogl 3 ^ceraldch 3 ^de is transformed into dih 3 'dro- 
oxyacetoiiephosphate ; possibly an cquihbnum 
is established between the two trioses. 

According to Meyerhof, Lohmann and Schuster 
{ibid. 1936, 286, 301, 319) there exists in dialysed 
muscle extraets an enzyme (aldolase) bringing 
about aldol condensation of dihydroxyaeelone- 
phosphaie with vaiious alfleh 3 '^dcs. They sug- 
gest that tho following equilibrium occurs : 

Hexosediphosphate^ 

Dihydroxyacetonephosphated- 

Gly ceraldehy depho spha te . 
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The glyceraldehydephoaphate changes subse- 
quently into dihydroxyacetonephosphatc. 

Two further phosphoric esters, formed as 
intermediate substances, have been isolated, 
viz. phospho(eiiol)pyruvic acid by Lohmann and 
Meyerhof 1934, 273, 60) and 2-phospho- 
glyceric acid by Meyerhof and Kiessling 
1935, 276, 239). In a dialysed extract of muscle 
3-phosphoglyeerio acid 


.L, 
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acid have been termed phoftphorylasea (Quastel 
Ann. Rev. Biocliem. 1930, 6, 45). 

Lohmann and Meyerhof demonstrated that 
breakdown of phosphopyruvic acid in a muscle 
extract only occurs in presen ct* ot the adenylic 
aeifl s^^stem (Uifiehcni. Z. 1934, 273, (iO). 

I’lioHphorylascs appear to be necessary for the 
phosphorylation of carl)i>hydratc as the first 


d-ptiosplioglyecrio acid is converted into 2- stage in glycolysis, but this is not yet certain 
phosphoglyccric and through the agency of an i Probably the lollowuig reactions take place. ■ 
enzyme named p/to.'fp/iog'ti/rcroy// whilst 2- ' ^ 


phosphoglyceric acid is converted by an enzyme 
{enolase) into pho.spho(enol)pyruvic acid. All 
these esters form equilibrium mixtures {ibid. 
280, 99, 100). ( For th e syntheses of these c-sters, 

Sfe Kicssling, lier. 19,35, 68 111), 243, 597.) 
Sodium fluoride inhibits the breakdown of 2- 
phosphogly eerie aeid. 

The decomposition of phnsphopyruvi(‘ acid 
into pyruvic acid, w^hich is the iniinediate ])re- 
cur.sor of lactic acid, requires tlie eo-opcration of 
a catalyst, viz. adenyljiyrophosjihato. The parli- 
cifiaf ion of this molecule in pbosphorylations of 
carbohydrate and its breakdown products will 
now be considered. 

Catalytu) Influence of the Adenyi.h; 
Acid System IxV Gi.ycolysis. — Meyerhof and 
Lohmann (Naturwiss. 1931, 19, 57.5) were the 
first to suggest that the r5]e of adeuylpyrophos- 
phato as a eoenzymo in muscle glycolysis con- 
sists in the phosplioryhition of carbohydrate, the 
pyropho-sphato breaking down and being rc- 
synthesised at a later period. 

Ernlidcn and Farnas demon.strated that am- 
monia 18 formed during muscular contraetion, 
the ammonia arising from the breakdown of 
adenylic acid by a deaminase yielding also in- 
osinic acid. Muscle deatninaso does not attack 
adcnylpyrophospliato, so that evidently the 
appearance of ammonia is an indication of the 
appearance of adenylic acid. In presence of a 
high phosphate eoneeritiation ammonia is not 
formed and this was ascribed to tlio conversion 
of adenylic acid into the pyrojiliosphatr (Pamas, 
Ostern and Mann, Bioehein. Z. 1934, 272, 64; 
193.5, 275, 74, 164). It was found by Panias 
and his colleagues that the breakdown of gly- 
cogen in the presence of phosphates was mainly 
responsible for the prevention ol the appearance 
of ammonia and for preserving tlic integrity of 
the adenylpyrophosphate. If glycogen break- 
down was inhibited by iodoacetate or fluoride, 
ammonia made its appearance. It was shown 
that the re-synthesis of adcnyl])yrophosj)haf;e 
was aeQomplished by breakdown products of 
glycogen, viz. phosphopyruvic and phospho- 
glyceric acids. {See also Needham and van 
Ilcyningen, Bioehcra. J. 193,5, 29, 2040.) 

Since adenylpyrophosphate, in inusclo pulp 
poisoned with iodoacetic acid, is not synthesised 
from adenyhe acid and free phosphate ions, and 
since phosphopyruvic acid or phosphoglyceric 
acid is essential as a source of phosphate for the 
H 3 mthesis, it follows that phosphate transfer 
takes place from those acids to adenylic acid. 
The phenomenon is similar to that already 
mentioned, which occurs in a muscle extract, 
between adenylic acid and phosijhocreatine. 
The enzymes responsible for the phosphate trans- 
fers from phosphoiylated molecules to adenylic 


Hexosc-f Adenylpyropho.sphate - 2 Ilcxose - 
monophosphate f Adenyhe acid. 

2 Hoxosemonophosphato Adenylpyrophos- 
phate — 2 Hexosediphosphate-fAdenyhe 
acid. 

Runnstrbm and colleagues {ibid. 1934, 271, 15; 
d. Gen. Physiol. 103.5, 18, 717) and lliseho 
(Bioehem. Z. 1934, 274, 51 ; 1935, 280, 24S) have 
re])orted experiments showing that esterifieatioii 
ol inorganic 7 )ho 8 i)hate m lysed red blood cells is 
eoujded with the degradation of hexosephos- 
phate. Degradation of glucose or its phosphate 
is preceded by phe.sphorylation, the ])hosphatc 
being derived from aden ylpyroiihosyihatc ( I )isehc, 
ibid. 1935, 280, 24H). Evidence exists that 
phosphoric acid ran bo transferri*d from hexose- 
phosphalos to adenylic aeid as well as in tlio 
reverse direction (Neuberg, ibid. 1935, 280, 163; 
Liitwak-Mann and Mann, ibid. 1935, 281, 140; 
Ohlmeyer, ibid. 193.5, 283, 114). 

Panias (Ergc'b. Enzymlbrsih. 1937, 6, 57), 
however, considers tliat a jiliosyihorylation of 
glycogen to bexo8emono]>h()Hpliatc may occur 
in the absenee of tlic adenylic acid i<yHtem. 
Itorciit cvideiifo iiulieatc's that from glycogen 
in a mu.Hclo extract, gliicoso-l -phosphoric acid 
IS first formed (Cori and Gori, Proc. Soc. Exp. 
Biol. Med. 1936, 34, 702; 1937, 36, 119). This 
is knowm as the Cork ester. This ester is 
rapidly conveited into the 6-oster by an enzyme 
termed phosphoffli/romutase ((Viri, Golowiik and 
tk)ri, J. BjoI. Ciiem. 193S, 124, .513). Con and 
bis colleagues state that the Hynthi'sis of the 
(kui estcT from glycogen in muscle extracts is 
greatly aceeleraled by arletiyhc acal (Gori, (Jolo- 
wick ‘and Gori, ibid. I93S. 123, 375, 381). 
Kendal and Stickland (Ibocljcm. .J. 19,38, 32, 
572) find that adenylic acid is essential for the 
conversion of glycogen into the C’ori ester, the 
reaction being strongly stimulated by mag- 
nesium ions. 

The conversion of th(i Gori ester into the 6- 
ester is also stimulated by magno.sii)fn ions. 
This tran.sformation is followed by the phos- 
phorylation of the 6-eatcr, via thfi adenylic acid 
system, into hexoscdiphosphate (Harden- Young 
ester). 

The enzyme, hexokhwse, discovered by Meyer- 
hof in 1927, catalyses, in the presence of Mg ions, 
the transfer of phosphate from adenylpyro- 
phosphato to glucose or fructose. The reactions 
involved are ; 

Adenylpyrophosphate -f Hexose Adenosine- 
diphoHphate+ Hexose-G- phosfihate. 

Adenosinediphosjihate -1- lie*, 'se -► Adenylic 
acid + Hexo8c-6-phoBphate. 

The second reaction requires in addition to 
hexokinase a protein catalyst present in muscle, 
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but not in liver or kidney extracts (.see KalcknJ*, 
Chem. Rev. 1941,28, 71). 

The foJlowii];^ equatinriH exprcK.s the .series of 
reactions in plyeolysiH and indie.aie the im- 
portant jioHition taken l»y aflcnyl})yrojjliospliate : 

Glycogen -}- MPlio.si)Iiate -> wFIexose-l -phos- 
phate. 

Hexose-l-phoHjihate — > Ilexose-O-jihosphate. 

2 Hexoso-fJ-phoHj)liate j A deny I pyrophosphate 
-> 2 UcxoHediphosphate-l-Adcnyb'e acid. 

JJexosediphoHphatc -> 2 Trioaephospliato. 

2 ’iVioHcphosphalc Phospliogly eerie acid -f 

a-Ci!JyeerophoHj)horic acid. 

IMioapho^lyeeric, aeid~> Phoaphopyriivic acid. 

2 J*hosphoj)yriivic acid -f- Adenylic and 
Adenyl[)yropho.sj)hate 1-2 Pyruvic acid. 

Trio.scpho.spliatc | Pyruvic acid ^ Phospho- 
Rly cerate + Lactic acid. 

(see alao Vol. V, p. III). 

It lias lately been shown liy Warbur^^ and 
Christian (Hiochem. Z. 1939, 303, 40) that a 
separation of enzymes involved in i^lycolytie 
changes is possible and this has resulted in the 
demonstration, and isolation, by Mogolein and 
Broinel, of another important intermediate, viz. 
1 : 3-diphospho"lyeerie acid. The secpience of 
enzyme- catalysed reactions are ajiparcntly as 
follows : 

Trio-sephosphate f jihosphato 1 : 3-Diphos- 
jihotriose. 

1 ; 3-JbphoHphotrio.se •] “ pyridine nucleotide ” 
1-3- DiphoHjihoylycerio acid 4- reduced 
“ pyridine nuelcotide 

l-3-T)iphosi)hoglyccrie acid + Adeiiosinedi- 
Iihospliate ^ 3-PhoHplioglyceric acid -1- 
Adniylpyi'ophosphate . 

The reaction between adenylpyropliosphato 
and creatine is important, so far as glycolysis is 
concerned, in ])roviding a store ot phosphate 
donator in the form of phosjjhocrcatinc. It pro- 
ceeds in two stages : 

Aden ylpyrojihosph ate | Creatine -- Adeiiosmc- 
diphosphate+Croatincphosphate. 

Adcnosincdiphospliate + Creatine = Adenylic 
acid-fCroatiiiephosphate. 

(Lehmann, ibid. 1930, 286, 339). 

Aec^ording to Meyerhof, Uhlmeyer and Mohlo 
{ibid. 1938, 297 , 90, 113) jihosphorylation of 
adenylic acid may be coupled with oxidative 
changes and Needham (Enzymologia, 1938, 5, 
158) has arrived at a similar conclusion (r/. 
Parnas, ibid. 1938, 5, 100 for a recent review of 
the subject of phosphorylation). 


N;C‘NHa 

— O- 

II II /CHI I 

N'C-N< CH-ICH-OHL-CH-CH^-O-PO-OH 

i 

N CH-[CH-OH]./CH-CH.yO-l‘0'OH 

^ 1 — 0 —^ 
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Part Played by Cozymase in Glycolysis . — 
Cozymase plays an important part in musole 
glycolysis since it is a necessary carrier in the 
reduction of pyruvic acid to lactic acid. This 
molecule is an adenino-nicotinainidedi nucleotide 
III (w. Vol. V, p. 15). It acts as a hydrogen 
earner, the nicotinic acid amide moiety of the 
molecule undergoing reduction and oxidation 
under appropriate conditions. Gozyniaso is 
necessary for the activity of lactic acid dehydro- 
genase and it is this enzyme which activatixs 
pyruvic acid as a hydrogen acceptor. Lactic 
acid is formed according to the equation : 

Pyruvic acid -f Reduced cozymase Lactic 
acid-r Cozymase . 

Cozymase is reduced by trioHephoH])hato or by 
a-glycerophosphoric acid in presence of their 
respective dchydrogcnasCH, thus : 

Triosephosphate Cozyinase = Phosphogly- 

ccric acid4- Reduced oozymaso. 

a-Glycerophosphoric acid -f Cozymaso --- 
Triosepliosphateq- Reduced cozymase. 

Thus the presence of appropriate dehydrogenases 
111 muscle extracts together with that of eozy- 
niase enablcH the necessary hydrogen transfer to 
take jilace between triosephosphate and p 3 TUvic 
acid wuth lactic acid jiroduction. The existence 
of these dehydrogenases in mu.scle extract has 
been established Adler, Ruler and Hughes 

(Z. physiol. Chem. 1938, 252, 1) and Quastel 
and Wheatley (Biochem. .1. 1938, 32, 939). It 
was already known freun the work of ICuler and 
his coUeagiies (Z. physiol. Chem. 1937, 245, 217) 
that cozymaso is leijuired for the interaction of 
triosephosphate and pyruvic acid in a tissue 
extract. 

According to Meyerhof, Schulz and Schuster 
(Biochem. Z. 1937, 293, 309) the reaction be- 
tween triosephosphate and cozymaso only takes 
place if at the same time there is a transfer of 
phosphate through adeiiylpyrophosphate to a 
suitable pho.sphate acceptor. (aVcc also Needham 
and Pillai, Riochom. .). 1937, 31 , 1837.) The 
question of coupling between oxido-reduction.s 
and phosphorylation processes, particularly that 
of adenylic acid, is at present under investi- 
gation. 

How far cozymase is involved in any of the 
other steps of the glycolytic process is not known 
with certainty. {Cf. Runnstrom and Michaclis, 
J. Gen. Physiol- 1935, 18 , 717.) 

Glyoxalask. — D akin and 'Dudley (,1. Biol. 
Chem. 1913, 14 , 155, 423 ; 15 , 127) and Neiiberg 
(Biochem. Z. 1913, 49 , 502 ; 51 , 484) discovered 
that methylglyoxal is transformed in tissues 
into lactic acid, the enzyme responsible being 
termed by Dakin glyoxalase. The rapidity of 
this transformation gave rise to the view that 
methylglyoxal might occupy an important 
position in glycolysis, particularly when con- 
sidered in relation to Neu berg’s conceptions of 
the course of alcoholic fermentation {cj. Neuberg 
and Oppenheimer, ibid. 1925, 166 , 450 ; Neuberg 
and Gorr, ibid. 482). Methylglyoxal was held 
to arise by loss of water from glyceraldehyde, the 
latter molecule being formed by fission of the 
hexose molecule. Neuberg and liis coUeagues 
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(1929) isolated methylglyoxal as the 2:4-dinitro- formed at the rate of 20 mp. per 100 p- tissuo 
phenylhydrazone in almost theoretical yield from per minute. Carbon monoxide anoxajiuia resulta 
specially prepared yeast extracts incubated with in an increase in the amount of lactic acid found 
hcxoscdiphosjihato ; the yield was 20-30% of in brain after death. Avery, Kerr and (ihunt us 


theory with mammalian tissues. Case and Cook 
(Biochem. J. 1931, 25, 1319) were able to delect 
both mothylglyoxal and pyruvic and among the 
products of metabolism. It is, however, un- 
certain whether the meth 3 dglyoxal is a normal 
product in the course of breakdown of carbo- 
hydrate. 

The transformation of meihylglyoxal into 
lactic acid by glyoxalase requires the partici- 
pation of a co-enzyme, which Lohrnann found 
to be glutathione (Biochem. Z. 1932, 254, 332). 
dowett and Quastel (Biochem. J. 1933, 27, 481)) 
showed that mothylglyoxal combines with 
glutathione and that it is this compound which 
breaks dowm in presence of glyoxalase to form 
lactic acid and glutathione : 

CHaCO CHO+G SH.^ H o 

CHa CO CH(OH)SG — U 

CH3 CH(0H) COOH t G SH 

The formulation of the Embden-Meyerbof 
rtchornc of glycolysis includes no participation of 
methylglyoxal. Support for the conclusion that 
methylglyoxal is not a necessary intermediate m 
the formation of lactic acid from glycogen comes 
from Lohrnann ’s observation (Biochem. Z, 1933, 
262, 152) that a muscle extract free from gluta- 
thione converts glycogen into lactic acid. More- 
over, the addition of glutathione brings about no 
additional glycolysis. 

This fact, however, does not necessarily mean 
that a second route of lactic acid formation from 
carbohydrate does not take place in the living 
cell. Support for this dual route of glycolysis 
lua niethyJgl 3 ’‘oxal has been found. Investi- 
gating lactic acid fermentation by j’^eaat, 
Auhagen and Auhagen {iJnd, 1934, 268, 247) find 
that methylglyoxal is formed and that it is a 
primary product of reaction and not an artefact. 
Kobel and Collatz ( iVud. 1934,268,202) conclude 
that mcthylgl^’oxal is itjrmcd from sugars. 
Tissue treated so as to inhibit glyoxalase activity 
produces methyglyoxal from hexosediphosphato 
(Neuberg and Simon, Ergen. Enzymforsch. 1933, 
2, 118) and from glyccraldehydephosphate (Bar- 
renscheen and Beneschovsky, Biochem. Z. 1933, 
265, 159). Jowett and Quastel (Bioclicin. J. 
1934, 28, 162) show that glyoxalase activity of 
intact tissue.: in presence of low concentrations of 
methylglyoxal is sufficiently rapid to account for 
the rate of tissue glycolysis. 

It is reasonable to assume that a separate 
mechanism of glycolysis in addition to that em- 
braced by the Embden-Meyerhof scheme may 
0 (!ciir in the intact cell {see also Ashford, ibid. 
1933, 27, 903). 

Glycolysis in Brain. — Warburg, Posener 
and Negelein (Biochem. Z. 1924, 152, 309) 
showed that brain tissue in presence of glucose 
produces lactic acid "with great rapidity in 
vitro. McGinty and Gescll (Amer. J. Physiol. 
1925-26, 75, 70) have carried out experiments 
showing that lactic acid formation in brain takes 
place at 37® immediately after removal of the 
brain from the body. The lactic acid was 


(J. Biol. Cheui. 1935, 110, 637) find that if 
brain, taken imniediaUdy after death of the 
animal, is frozen in liquid air, tlie lactic acid 
content of f ho brain is initially' smaller tlian w'as 
originally supposed. An average value of Jaetu- 
acid was found to 15-3 mg. per l()(i g. cat’s brain 
and 22-3 mg. per 100 g. dog’s brain. No signifi- 
cant difl'ereneo between the lactic acid contents 
of cerebrum and cerebellum Avas observed. 

Both glycogen and gliico.se are known to be 
precursors of brain lactic acid. Kerr {ibnl. 1938, 
123, 443) has isolated 36 mg glycogen from 100 g. 
brain tissiu', the carliohydrate bi'ing identical 
with liver glycogen, (llucose, how'ever, appears 
to be the mam preciirHni' of brain laclio acid. 
Holmes and Shenf (Biochem. J. 1932, 26, 381) 
found that the amount ol lactic acid foimed on 
anaerobic incubation ot brain dcjicnds on the 
level of blood sugar at the time of death. During 
insulin hypoglycaunia cerebral lactic acid may 
amount to only small {e.g. less than half the 
normal) values. llyjMTglycietiiia increases brain 
laetii! acid formation. 'The anioiint of lactic acid 
formed is eciuivalent to tli(‘ fall in carbohydrate 
in the brain. 

Whereas brain tissue anaerobically in vitro 
(either in the form of thin slices or in a minced 
condition) breaks down glucose rapidly to lactic 
acid, it has ])racti(‘ally no glycolytic edect on 
added glycogim. In muscle, on the other hand, 
the reverse is the case, glycogen breakdown 
being far more rapid than glucose Imvikdown to 
lactic acid (HeigiT, ibid 1935, 29, 811; Gaddic 
and Stewart, ibid. 1935, 29, 2101). Probably 
glyoxalase activity is very much greater in brain 
than in muscle. Glutathione, the eo-eiizymc of 
glyoxalase, has little or no effect on glycogen 
breakdown in brain or muscle but iiicreaHes 
lactic acid production from glucose in brain 
(Geiger, l.c. ; see, however, Baker, Biochem. .1. 
1937, 31, 980). 

Ashford and Holmes {ibid. 1 929, 23, 748 ; 1930, 
24, 1119) consider that brain may produce 
lactic acid in two w\ays; one, involving glycogen, 
proceeds through a stage of phospliorylation and 
another, involving glueosi-, does not include a 
])hoHpliorylation stage. The former is quantita- 
tively the less important. 

The question, however, as to whether glucose 
undergoes preliminary phosphorylation in intact 
brain before further metabolism oiaairs is still 
unsettled. Adler and his colleagues (Naturwiss. 
1937, 24, 282) have shown that a cell-free 
product prepared by acetone precipitation of a 
brain extract is capable of caiismg glycolysis of 
glucose BO long as adenylic acid, cozymase and a 
trace of hexosediphosphate are present. This 
would indicate that phosphorylation of glucose 
IS necessary prior to glycolysis in a brain extract. 
Geiger (Nature, 1938, 141, 373) states that 
cytolysis of brain releases an inhibitor of 
glycolysis. By the addition to a brain extract 
of a factor in muscle extract and of glutathione, 
creatine phosphate and cozymase a glycolytic 
breakdown of glucose is obtained the activity 
of which may be twice that of intact brain. 
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Such a Bystem also breaka down glycogen, ai a 
Braallcr rale than glucose, to lactic acid. Phos- 
phate is ostcrificf] in brain during glycolysis 
(see aho (i}cig(*r, Ihochcin. J. 11)40, 34, 405). 
According to Cori, Colowick and Con (J. iliol. 
Chem. l‘J3H, 123, 375) glucosc-l -idiosphate is 
formed from glycogen and inorgaino jihosphafcc 
in dialysed extracts of rabbit brain. The amount 
is increased by the addition of adenylic acid. 
The conversion of gliieose- 1 -phosphate into 
gbicose-O-plioHphate takes place more slowly 
than in miisi'le. 

IMaefarlane and WeibMallierbe (Jbooliem. J. 
1941, 35, 1) conclude that hrain glycolysis is 
maintained by a cyele of iihosphorus trans- 
ferences involving O-l-O 2 nig P per g. dry 
brain tissue. They find that during anaerobic 
glycolysis by rahhit-brain slices the inorganic 
phosjihate is inamtamod at its initial level Avhilat 
the content orpyiophosphate falls to about one- 
third of th(‘ original. Anaerobic incubation with- 
out glucose leads to a rapid disappearanec of 
pyroj)hoH[)hate w'ltli a simultaneous loss of 
glycolytic power, llexosediphosphatc is present 
in small quantities in glyeolysing brain. 

Anatskdiiic (jLYconYSts OF Tissues /a Vitho 
— Warburg and his (iollcagnes have measured 
the rates of lactic acid forniatifin of thin sections 
of animal tissues examined in a glueuse-Kinger 
medium under anaerobic conditions. T>pi(‘al 
results are recorded in Table 1 (Ihoeluun, Z. 
1927, 184, 4H4). 

Tahle I. 


Kidney (rat) 3 

Liver 3 

Intestinal mu COSO (rat) . . 4 

•Spleen (rat) 8 

Testis (rat) 8 

Pancreas (i alibi t) ... 3 

Thymus (ral) .... 8 

IJrain cortex (rat) ... 19 

JCinbryo (rat) .... 23 

Placenta (rat) .... 15 

Papilloma of bladder (man) 20 

(krcinoimi of bladder (uian) 30 

Itat sarcoma (PleMier-Jobliii*; 31 

Rat sarcoma (Jensen) . . 34 

Fowl sarcoma (Rous) . . 30 

Retina 88 


• Q^'i - lactic acid (cu. mm ) formcil m Ng pea- mg. 

dry weight of lissue per hour. 112,400 cu. lum, lactic 
acid = 00 mg. lactic acid. 

It will be observed that very high rates of 
glycolysis are secured by brain cortex, retina, 
embryo and tumours. 

The glycolytic activity of tumours is obviously 
of great significance ; it is 120 times greater than 
that of blood. 

Normal adult tissues usually show high rates 
of oxygen consumption (respiration) and little 
glycolysis. Embryonic tissues show both high 
respiration and high anaerobic glycolysis. 
Neoplastic tissues have high rates of anaerobic 
glycolysis and small respiratory ratt^. Retina, 
and to a less extent brain cortex, are exceptional 


in showing high rates of anaerobic glycolysis and 
relatively high rates of respiration. 

It is a commonly accepted conclusion that 
glycolysis provides the cell with an alternative 
supply of energy to that provided by respiration. 
Presumably the tumour cell equipped with a 
highly active glycolytic system is not so depen- 
dmit nil a supply of oxygen for its normal 
existence as an adult tissue cell, and tin's also 
applies to newly developing tissues such as the 
embryo. 

The question as to w^hether glycolysis in 
embryo and tumour is of tlie phosphorylaiitig 
or non-phosphorylatirig type is still unsettled. 

Needham and Lehmann (Ihoeliem. J. 1937, 
31, 1210) come to the conclusion that in the 
chick embryo there are two stiparate routes of 
carbohydrate breakdown, (1) a non-phoH]ihory- 
lating glycolysis depending gri^atly on the 
integriLy of the cell stnietnre, (2) a phosphory- 
latmg glycolysis similar to that ot muscle but 
of much lower activity. Lialysis of minced 
embryo leads to inactivation of glycolysis wdiicb 
is partially restored by the addition of gluta- 
thione. They (’onclude also that mcthylglyo.xal 
is not an intermediate in embryo glycolysis. 

Akrobio Clyoolysth and the Pastfer 
Kffect.” Pastimr rcc'ogniscd that, m the 
absence of oxygen, yeast i‘t*lls wdll fcrnuMit rai bo- 
hydrate, but that admission of oxygen retards 
the rate of fci'incntation. Glycolysis in intact 
tissue cells (nol m extracts) is similarly mhibited 
by the prcscmcc^ of oxygen and Ihe ])lKTionienon 
has been termed the Pasteur Efleet ” by War- 
burg. (Foi a dist'Mssion ol Ibe Pasteur Kffect, 
&e.e Ih.xon, ihid. 1935, 29, 973; 193(), 30, 1479.) 

Resulls (by Warburg) showing the relative 
rates of glycolysis of tissues in nitrogen (Q^“) 
and in oxygen (Q^^) Rre shown in Table II. 
The resjuiatory rates (QO 2 ~ eu.nmi . Og absorbed 
per mg. ilry weight ot tissue per minute) arc also 
given. 


Tabee If. 


Tissue 

Q^2 

A1 

qN., 

SI 

QO 2 

IJvcr (rat) .... 

00 

3-3 

11 0 

Kidney (rat) .... 

0 

32 

21 0 

Testis (rat) .... 

7-2 

8-5 

12-3 

Brain cortex (rat) 

2-5 

19-1 

10-7 

Retina (rat) .... 

45 0 

880 

30-7 

Embryo (chicken) 
Carcinoma (Flexncr) . 

]■! 

20-0 

10 0 

- 25-0 

310 

7-2 

Sarcoma (man) . 

150 

29-9 

4-9 


A noteworthy feature is the high aerobic gly- 
colysis of tumour cells indicating the possibility 
that such cell.s may gam their energy for growth 
mainly from glycolysis even under aerobic 
conditions. 

According to Crabtree {ibid. 1928, 22, 1289) a 
high aerobic glycolysis may take place under 
pathological conditions in tissues. Warburg 
agrees (Biochom. Z. 1929, 204, 482) that it is 
not specific for tumours. 

There is no doubt, however, that, as a general 
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rule, respiration in a cell greatly represses its 
glycolysis. The mechanism by which this 
phenomenon takes place is not yet clear. 

The view has been advanced that oxygon re- 
places pyruvic acid as a hydrogen acceptor in 
the Kmbden-Mcyerhof sequence of reactions 
leading to glycolysis. Thus lactic acid formation 
would be inhibited or eliminated, water being 
formed instead. Szcnt-Gyorgyi (“ Perspectives 
in Biochemistry,’' Cambridge, 1937, p. 172) 
hazards the view that in aerobic glycolysis, 
oxalacetic acid replaces pyruvic acid as a hydro- 
gen acceptor in the Embden -Meyerhof scheme. 
Bediiction of oxalacetic acid leads eventually to 
succinic acid Avhich is oxidised by oxygon in the 
respiratory system of the cell back to oxalacetic 
acid. This hypothesis has as yet no exjicri- 
raontal support. 

The addition of a variety of substances to in- 
tact tissues may greatly increase the rate of 
aerobic glycolysis, uji to that of anaerobic gly- 
colysis, without appreciably aflectiiig the respira- 
tory rate. This phenomenon, known as the 
inhibition of the Pasteur cifect, was first 
described in i elation to fermentation. Warburg 
(Biochcm. Z. 1920, 172, 432) showed that ear- 
l)ylamino intensifies aerobic fermentation with- 
out any marked aefaoii on the ivspiratioii. 
Quastel and Wheatley (Ibocbcrn. .1. 1‘.132, 26, 
2109) showed that ghitatbiono has a prc(“isel 3 ’ 
similar action. Weil-Mallicibe {ibid. 193H, 32, 
2257) tiiids that glutathione as well as glutamate 
increases aerobic glycolysis of brain. It is 
claimed thaX ecrtaiii dyestulls inhibit the Pasteur 
reaetjon (Elliott and llaker, ibid. 1935, 29. 2.390 ; 
JliekeiiH, ibid. 1930, 30, 001, 1001, 1233), aiul 
plicnosuf ranine in particular has a powerful 
cifcet. llickona {ibid. 1039, 33, 2017) has 
recently sliowui that guanidine (M/1000) com- 
pletely and reversibly inhibits the Pasteur eOect 
ill brain cortex slices. Certain substituted 
guanidines and amidinos are even moi'c poiverfiil 
in their inhibitory iriHiKUiee on the Pasteur 
Kiaelion, viz. hll-undecanediainidine and dera- 
inetlivlen(‘digiiaiii(lmc (“ Si/nthalui ”) whitb 
arc fully active at M/1,000,000. Excess of 
potassium ions (Ashford ami Dixon, ibtd. 19.35, 
29, 157), latk of both potasHium and cabjum 
ions (Dickens and Gk-viHc, ibid. 1935, 29 1408) 
or the preseiiee of ammnuium ions (Wcil- 
Malhfirbc, ibid. 1938, 32. 2257) all elfect the 
Pasteur reaction— conceivably through per- 
meability changes in the cell membrane (Dixon 
and Holmes, Nature, 1935, 135, 995). 

Increase of temperature from 37*^' to 45'^ biings 
about a breakdown! of the Pasteur efl’cet and 
aerobic gtycolysis increases to a high rate in spite 
of an increased respiratory rate (Dixon, Bioehem. 
J. 1930, 30, 1483). 

Activators and Inhibitors of Glycolysis. 

Pyruvtcj Acid. — Mendel, Bauch and Strelitz 
(Klin. Woch. 1931, 10, 118) found that traces of 
pyruvic acid greatly increase anaerobic glycolysis, 
in tissues where glucose, and not glycogen, 
breakdown is resiionsible for lactic acid for- 
mation. 1^3 ruvic acid appears to maintain gly- 
colysis (of glucose) at a maximum level. 

Potassium and Calcium Ions. — Ashford and 
Dixon (Bioehem. J. 1935, 29, 157) found that the 
VoL. VI.— 6 


presence of M/ 10 KCI greatly increases aerobic 
glycolysis of brain but decreases anaerobic gly’- 
colysis. Dickens and Grevillc {ibid. 1935, 29, 
1468) reached a similar conclusion and showed 
the antagonistic effects of potassium and cal- 
cium loijs on respiration. Quastel and Wheatleys 
(.r. Biol. Chem. 1937, 119, 80P) found that cni- 
eiiim ions at lo!v concentrations markedly 
increase anaerobic glycolysis and that stroatiuni 
and magnesium have similar but smaller eflects. 

Deprivation of Oxygen and of Glucose. — 
Ih'privatinn of brain tissue of both oxygon and 
of glucose for short periods (c.fj. 5 minutes) very 
great ly decreases the rate of anaerobic glycolysis 
when glucose is subsequently added to the 
tissue (l)ickcns and Greville, Jliochem. J. 1933, 
27, 1138). It had bi'cn concluded that aii- 
acrobiosis in the absence of glucose brings about 
irreparable damage to the brain. It ivas show'ii 
later, however (Qiuistel and Wheatley, /.r.), that 
if brain tissue w'hicli has been kept aiiaerobieally 
in the absence of glucose is subsequently ex- 
posed to oxygen its pow’er of bringing about 
ann(‘robic glycolysis is regained. 

This fact, coupled with the facts that pyno- 
yihobphatc breaks down rapidly in brain iii 
ab.sciice/ of glucose and that aerobic resyoitbc'sis 
of adcnylpyropliospbate takes place, in brain 
(Eng(‘l and (brard, •). Biol. C3icm. 1936, 112, 
.379) lend support to the view that anaerobic 
glv'colysis in brain takes place through the 
intermediate formation of i»iioHphoric esters. 

loDo ACETIC Acid. — lodoaceiie acid at low 
eoneentrations siipiircsses gIyeolysi.s wdiethcr 
glucose or gly'^cogcri be the carbohydrate which 
IS brolvcn (lown. In musclci extracts iodoacotic 
acid inhibits the interaction of trioscpliospbato 
and pyruvic add. ^’Fioscqibosphato deliy^dro- 
giuiaso is highly sensitive to lodoacetic acid 
(Jtapkine, Bioehem. J. 1938, 32, 1729). Possibly 
the sensitivity^ of tins enzyme to lodoacetic aeid 
explains the latter’s jiowerful inhibiting effects 
on glycolysi.s in muscle extracts. 

Jodtiaceiic acid reacts rayudly with glutathione, 
a thioctber being formed ((Quastel and Wbcaitley, 
ibid. 1932, 26, 2169; Dickens, ibid. 19.33, 27. 
JJ4J), and the problem lias arisen as to whether 
this reaction aieounts partly, or wholly, for 
the ces.sation of glya-olysi.s in prcseni'c of iodo- 
aeetic acid. 3’ho rcai tiori would obvaiusly ex- 
plain the highly inhibitory cflcct of iodoacctio 
acid on glyoxalasc a(‘tivity (Dudley). With our 
present limited knowledge of the influence ot 
tliiol compounds in glycolysis it is difliciilt to 
assess the importance of the reaction between 
iodoacetic acid and glutatliioiio on the inhibition 
of glycoly'^sis. 

Sodium Fluoride. — This substance at low 
concentration (M/200) suppresses glycolysis 
wdiethcr from glucose or from glycogen. Its in- 
hibitory effect is presumably linked with the fact 
that it prevents the breakdown of phosplui- 
glyceric acid into pbosphopyruvic acid (Loh- 
maim and Meyerhof, Biochcm. Z. 1934, 273, 60). 
Dickens and Sirncr (Bioehem. J. 1929, 23, 936) 
have shown that fluoride sensitivity of glycolysis 
varies in different organs. 

Phlori^zin. — This substance inhibits yeast 
fermentatJm (Dann and Quastel, ibid. 1928, 22, 
245) and glycolysis in muscle extracts. Lunds- 
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gaard (Biochom. Z. 1931, 238, 322) Bhowcd tbafc 
phloridzin (M/100) inhibits i)hoHphorybition of 
glycogen. According to Kalckar (Nature, 1935, 
186, H72) phloridzin prevents the formation of 
phosphoglyccric acid from triosephosphate. 

GLYOERALnKTiYDK. — Meiidcl (Klin. Woch. 
1929, 8, 109) found that dZ-glyceraldehyde in- 
liihitH atuerohic glycolysis of glucose by tumours 
and that this inhibition can he reversed by the 
addition of pyruvic acid. Ashford confirmed 
this phenomenon for brain glycolysis, but Holmes 
(Ann. Rev. Jliochem. 1934, 3, 395) could find no 
inhibition of glycolysis of glycogen by glyceralde- 
hyde in muscle c.xtracts. Needham and col- 
leagues (Hiochcm. J. 1937, 31, 11G5, 1210) find 
an inhibition of embryonic glycolysis by glycer- 
aidchyde and conclude that thi.s aldehyde 
specifically inhibits non-phosphorylating gly- 
fiolysiH {sec, however, Adler and colleagues, 
Naturwiss. 1937, 25, 282; Z. physiol. Chem. 
1937, 249, 40). 

(Jtheh Iniiitiitoiis. — The following siib- 
stances also inhibit gly(;olysiH (of glucose) : 
hj’^droxymalonate (Jowett and Quastcl, Rio- 
chem. ,1. 1937, 31, 275); glutamate and /3- 
hydroxyglui.aniHie (Weil Malherbe, ihid. 1938, 
32, 2257) ; maleic acid (Morgan and Friedmann, 
ibnl. 1938, 32, 8G2). 

CiiYroLYSis OF VARiOTT.y SuoARS. — ^Jlfamiosc 
usually undergoes glytiolysis under conditions 
where glucose is brokiui down to lactic acid. 
Fructose is broken down less rapidly than 
glucose by tumour slices and is also broken down 
by liver. It is, however, in common with 
galactose, but feebly attacked, with lactic acid 
liberation, by tumours, brain or chick embryo. 

J. H. Q. 

GLYCOSAL/’ Trade name for a prepara- 
tion of glycerol and salicylic acid. 

GLYCOSIDES. Glycosides are formed by 
the condensatifin of one or more carbohydrate 
molecules w'itli a non-carbohydrate, with elimi- 
nation of one or more molecules of water. The 
junction involves a hydroxyl group of the non- 
carbohydrate, and the reducing or glycosidic 
hydroxyl of the sugar. Thus the simplest gly- 
coside is formed from glucose and methyl alcohol 
by the catalytic action of hydrogen chloride: 


CH^OH CH, OH 



The term “ glycoside ” refers to all compounds 
of this type, irrespective of the nof^ure of the 
sugar (hexose, pentose, etc.) which is present. 


Strictly, the 'name “ glucoside ” is reserved for 
glycosides in which the sugar is glucose; the 
term is still, however, frequently applied to other 
glycosides. Galactosidcs, mannosides, etc., are 
glycosides in which the sugar is known to be 
galfictoHP, mannose, etc. 

Mcthylglycosidos have not yet been found 
in nniure, but glycosides ot a more complex type 
are very abundant, occurring especially in the 
fruit, bark and roots of plants. Glyco.sidcs are 
in general readily hydrolysed by dilute acid, 
giving the free sugar or sugars and the non- 
carbohydrate portion of the molecule, which is 
conveniently referred to as the “ aglycoue.” 
Hydrolysis of glycosides may also be effected by 
enzymes, which arc usually present in the same 
plant tissue as the glycoside. If the cell ti.ssue 
is destroyed, the enzyme comes into contact with 
the glycoside, and under suitable conditions 
(c.r/. pii) hydrolysis will occur. 

Corresponding with the two isomeric forms of 
glucose (a-glucose, 1), there are two series of 
glycosides, of which a~ and jS-methylglucosides 
(11 and 111) may be r(‘gardcil as the jirototype. 
The enzyme emiilsin hydrolyses many glycosides 
containing the ;8-liukage, but few, if any, with a- 
linkages ; conversely, the- enzyme maltasc 
hydrolyses the a- bond in maltose, but not the 
)9-linkage in the corresponding disaccharide, 
cellobiose. iSuch reactions frequently afford 
evidence of the nature of the hond in glycosides. 
Other possibilities ol isomerism exist in the 
sugar senes, espeeially in the nature of the 
heteroeyelie ring, wdiiih may, for instance, he 
pyranose (G-atom) or furanoso (5-atoiii) (v. 
CARBOunmATEs). ln^'estigatlon of the sugar 
portion of a glycoside requires evidence upon 
all such |)umts. 

The Carbohydrates of Natural 
Glycosides. 

Whilst glucose is by far the most common 
sugar found in natural glycosides, galactose also 
frequently occurs. The pentoses arabinose and 
xylose, and the inothylpcntose rhamnose (v. 
Yol. II, 287r), occur widely, whilst the sugars of 
the cardiac glycosides have been shown recently 
to bo of the 2:G-deoxyhexo8e type, digitoxose 
(v. Vol. 11, 381c), and cymarose (v. Vol. Ill, 53Hb), 
wdiieh have not yet been found elsewhere in 
nature. The brached chain pentose, apiosc (i/. 
Vol. I, 450r) is one of the constitueniH of apiin. 
It is interesting to note that 2-deoxy-d-ribose, 

CHO 
CHa 
HC OH 
HC OH 
CHa-OH 

occurs in nucleic acid. 

Uronic acids, although common in polysac- 
charides, rarely occur in glycosides. Fuxanthic 
acid, a glucuronide, is a product of animal 
metabolism and is not otherwise found in 
nature. Baicalein is a flavone glycoside con- 
taining glucuronic acid. 

Where 2 mol. of carbohydrate are found in 
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a glycoside, they may be present as a disac- t 5 T)e are given in the table below, together 
charido (biosc). Common disaccharides of this with some glycosides in which they occur. 


Disaccharide. 

Gentiobiose 

Vicianosc 

Primeveroso 

Ilutinosc 


Structure. 

6-(^-(/-glucosido)-e7-gluco80 

G-()9-?-arabino8ido)-d-gluco6e 

G-(/3-d-xylosido)-d-glucose 

G-(j9-Z-rluimnoHido)-d-gliicoao 


Occurretice. 

Amygdalin, crocin. 

Vicianin, violutoside, gein. 
Monotropitin, primeverin, primulaverin. 
Kutin, datiscin. 


It IS interesting to note the prevalence of 1-G-/3- 
linkages in these bioses. Some trisaceharides 
uro found in glycosides, but their constitution is, 
in most cases, not established. Robinose, 
obtained from the glycoside robinin, appears to 
b(' of the rliamnose-galactoHc-rhamnoso type. 

The ring striictun^s of the sugars in the natural 
glycosides .are chiefly iiyranose, but the ribose 
and 2-dooxyril)OvSC in nudeosides have a 
liiranose configuration (Levene and Tiiiton, 
J . Riol. Chem . J 1)32, 94, 800) . Ruranoso pentoses 
an; now being found fierpiently in natuie in the 
])]ant gums, iriio majority of polysaecharides 
lia ve linbages of the glycosiilic. type and therefore 
are glycosidi‘s from that point ot view\ 

In general, one form {d- or 1-) of the possible 
ojitieal isomers of n sugar prialominotes in 
lull lire. Thus t/ glucose, ri-mannoso and l- 
rhamnose are the only naturally oecurring forms 
ol these sugars which have been, so far, identified, 
but /-arabinose is the chief constituent of the 
plant gums wlnlst d-arabiiiose oeiurs in the 
glycosides barbaloin and wdiarbaloin. 

iMost riaf uial glycosides are of the /3-typc, th(‘y 
are hydrolysed liy the enzyme emulsiti and arc 
Iheretorc la?vo-rotatory (r/. jS-methylglucoside). 

The Main Types or Glycosides found 
IN Natuhe. 

The types of glycosides found in nature vary 
widely, but may be roughly grouped as follows, 
according to their non-carbohydrate constituents 
(aglyeones) : 

[(i) Phenolic Glycosides. —The aglyeones 
include o-hydroxybunzyl alcohol (in aaliein), 
i(ULnoJ (in arbutin), conijcryl alcohol (in coni- 
ienn). The sugar moleiiile is attached to the 
])henolic hydroxyl group. Neaily related are the 
hydroxyanthraqainoue nucleus, which oeeura in 
luherytluic acid, rubiadin and purpurin, etc., 
and the hydruxycoumarm nucleus, present in 
a‘sculin, d.aphmn, etc. 

(6) y-Py»-an Derivatives. — ^This group in- 
cludes many of the most important glycosides, 
d he majority of red and blue plant- and berry- 
jiigments, anthoeyanins {q.v.) are derivatives of 
>-pyran. 

/CH,\ 

CH CH 

L L 

y-Pyran. 

Closely related are the flavone, flavonol and 
xanthone pigments, which constitute a large 
proportion of the yellow dyes of flowers, roots 
and woods. Chrysin, quercitrin and euxanthone 


respectively are t 5 q)ieal examples of these three 
classes, which may occur without any com- 
bined sugars. Quercitin-3-rhnmnoside is the 
glycoside quercitrin. 

(c) Steroid Glycosides. — The aglyeones of 
the important digitalis glycosides and of some 
of the sapoiiins are related to the sterols. The 
powerful physiological jiropcrties of these gly- 
cosides, and their structural similarity to the 
hormones, the bile acids and vitamin 1), are of 
great interest {v. Uaiidiao GiiVCOSuiEs). 

8aponms have similar physiological properties 
to the cardiac gl^ cosidcs. Tliey produce a 
stable foam on agitating an aqueous solution 
even at gr(‘at dilution, havi‘ a bitter taste, irritate 
the mucous membrane and hremolyse red blood 
corpuHcl(‘S in very low' concentration (1:108,000 
for digitonm). Administered intra\ cnously f hey 
aic therefore very poisonous. 

(d) Purine and Pyrimidine Glycosides. — 
The niielcic adds, which in combination with 
protein material upjicar to (‘oiistitutc the main 
portion of the nuclei of plant and animal cells, 
yield on hydrolysis niich'osides, which arc 
glycosides formed by the combination of purino 
or pyrimidine bases with a sugar. The latter is 
frcipicntly d-ribose or 2-deoxy-d-ribo8c, with 
a lurano.se ring structure. Tvjiical aglyeones 
are adenine, guanine and eytosine. 

(f) Nitriles frequently occur combined with 
sugars, tormiiig the cyanogenoiic or cj anophoric 
glycosides (q-V.). The well-known glycoside 
ani 3 "gdalin {q.v.) is of this type*. 

(/) Sulphur Compounds. — A number of 
plants yield glju’osides which contain sulphur 
and which on hj'drolysis give mustard oils of the 
allyl isothiocj'anate type, und a sugar. Sinigrm 
(p, UOa) and sinalbiii (p. 95d) are typical examples 
of such glycosides, oecurring m the seeds of the 
black and white mustard resjieetivcly. These 
glycosides are in general hydrolysed by a specific 
enzyme occurring in the same pfaiit, c.g. 
myrosinase. 

Certain important glycosides {c.g. riboflavin, 
vit.amin R^) and indiean (3-)9-glucoHido-oxyiri- 
dole) are not readily classified, whilst others 
have BO far been insufficiently investigated. 

Synthesis of Glycosides. 

(а) The simple glycosides are most readily 
prepared by the direct interaction of the alcohol 
(CHg-OH, CgHj-OH, etc.) with the sugar, in 
the presence of hydrogen cliloride (c. 1%) as a 
catalyst (Fischer, Ber. 1893, 26, 2400). In this 
way a mixture of the a- and jS-forms of the 
glycoside is obtained, which may usually be 
separated partially by fractional crystalhsation. 

(б) A more selective method uses a sugar 
derivative *of the ace tobromoglu cose type, 
which condenses with a hydroxyl group of the 
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aglycone, the HBr being removed by .silver 
carbonate. 


CHBr 

I 

HCOAc 

I HO R 

O AcO CH > 

I (Ag.COj,) 

HC OAc 

I 

CH 

I 

CHj OH 



Tile iLeetyl group.s are UHiially removed by 
alcoholic ammonia at giving the desired 
glveo.sidc. Jt Hhould be noted that a Walden 
inverHiori occurs in tliis n'lietinn, and if a- 
aeetobromoglueo.se is used, then the /9-ghieo.side 
i.s obtained, and rira vryaa. 'J'Jie normal method 
of ])ieparation of aeetobromo-Hugara (liy the 
ac tion of hydrogen bromide in ghudal acetic 
aenl upon tli(‘ penta-iK'etato ot thr sugar) yields 
the a-isomeride aa the chief jiroduet, even if tho 
/3-penta-aeetate is used, and thin procedure there- 
lore re.Hults in tho formation of /J-glyeosidea only. 
If, howevci, (piinoline i.s u.sed in jilaee o( sdver 
carbonate in tho condensation, a mixture of 
a- and ^-glyi'osulea is lornied (ITseher and Von 
Mechel, Her. IDKi, 49, 281:1). further, jS-met hyl- 
glueose tet.ra-aeetate may he transformed nearly 
(juantitatively into a-iiicthylglueosido tetia- 
aeetato by heating with titanium tetrachloride 
in ehlorolorm solution (Paesu, ihid. 1928, 61 [B], 
i:i7, i.'5i;i). 

Tho eorreaponding ehloro-eompound, aeeto- 
chlorogliicoae, may also he u.sed in this leaetion. 
Jn this way Michael {ibid. 1881, 14, 2097) 
obtained methylarbutin, 


MeO 


o 


O— glucose. 


tho first naturally oeeiirring glycoside to be 
synthesised. Aeetoliromoglueose has been used 
extensively by llobirison in his extensive syn- 
theses of anthoeyaniiis {c.g. of malvin, 

J9;i2, 2299). 

The synthesis of glyeo.sides by means of 
enzymes falls into a somewbat different category, 
but may be mentioned here. Bourquedot 
(series of pajiers, Compt. rend. 1 912-1 .^) found 
that enzymic hydrolysis of glycosides is re- 
versible, and sugars may be made to combine 
with alcohols by the use of enzymes {e.g. 
eraiilsin) under appropriate conditions. Thus 
Herissey {ibitL 1921, 172, InSO; 173, 1400) 
obtained a-methylmannosicle by the action of 
an enzyme, scimnase (jiresent in .germinated 
lucerne seeds), upon a solution of mannose in 
10% methyl alcohol. Other methods lor the 
synthesi.s of glyeosides are given in Tollcns- 
Elaner, “ Kurzes Haiidbueh derKohlenhydratc,’ 
4th ed., Leipzig, 1936, p. 45. 


General Properties of Glycosides. 

The simple glycosides {e.g. raeth^lglucosidcs) 
are colourless, crystallino solids, readily soluble 


in water and alcohol, and nearly insoluble in 
ether. They are optically active, hydrolysed 
ly acids with varying ease, but comparatively 
.stable to the action even of concentrated alkali. 
They are non-reducing to Fchling''B solution and 
to alkaline iodine (as regards their sugar 
portions). 

The size and active groups of the aglycone 
obviou.sly inniicriee the properties of the 
glycoside, although the hydroxyl groups in tho 
carbohydrate continue to make the compound 
soluble in water, even if the aglycone is of tho 
sterol type {e.g. the saponins). In general, the 
properties of tho glycoside may bo regarded as 
the sum of the properties of the two eomponents. 
Some glycoside.s {e.g. saponins) are amorphous 
and diflieiilt to obtain in a state of purity. 

The relationship between the rate ol hydrolysis 
of gl^'cosidcH. the critical increment and their 
const itution has been inve.stigatcd by Moelwyn- 
1 highcH (Tran.s. h'aradav Sue. 1928, 24, 309 ; 
1929, 25, 81, 603). 

llVDROLY.SLS OF GlVCOSIDE.S llY En/A'MES. 

Owing to the extreme difliciilty of eliaracter- 
ising pre|>arationH of enzymes it is not sur- 
prising that a iim.sH of eonflietiiig evidc-nee has 
been acinimiilated upon thi.s subject, hut ceitain 
wcll-estahhslicd facts may be mentioned. Tho 
chief enzyme preparations in this field are 
emulsin, inaltase and invertase. Emulsiii, 
extracted from bitter almonds, is a mixture of 
enzymes, of i\}iicb the out.standing function is 
the liydrolysi.s ot ^-glucosides, e.g. omygdalin, 
gcntiobio.se, j3-mc‘thyl-d-ghicosidc. The prescnf’C 
ot an a-glucosidaLSc and a-mannosidasc m emulsin 
has hcmi rejiorted (Helfcrieh and co-workeis, 
Z. phy.siol. Choni. 19:32, 214, 139; 215, 277; 
216, 1 23). Maltase is present in yeast and effects 
the hydrolysis of a-glueosidcs in general, e.g. 
maltose, a-methylglueoside. Inverta.se is also 
pre.sent in yeast and hydrolyses jS-fructosides 
such as sucrose. The action of emulsin and 
maltase apjicars to be of a general nature, i.e. 
nearly all p- or a-gliieosides, rc.spce lively, are 
attacked. Myrosinasc similarly hydrolyses the 
“ — S — glucose” linkage iii the niustard-oil 
gliicosides. Other enzymes appear to be more 
specific in nature and hydrolyse special carbo- 
hydrate configurations only, e.g. indiinulsiri 
hydrolyses indiean, vieianase hydrolyses vicianin 
(d-mandelonitrilo-vicianoside) and neither seems 
to attack any general group of glycosides. 
Weidenhagen has proposed^a theory concerning 
the specificity of carbohydrascs, in which the 
action of an enzyme is determined by tho ring 
structure, configuration and C[ stereoisomerism 
of tho substrate, but not by the non -sugar por- 
tion (Weidonhegen. ibid. 1933, 216, 255; 
Angew. Chem. 1934, 47, 451). There is sub- 
stantial ex]ierimental cvidcnco against this 
view {see, for example, Hestrin, Bioehem. J. 
1940, 34, 213, where further references are 
given). 

The effect of various changes in tho constitu- 
tion of glycosides upon the rate of hydrolysis 
by enzymes has been investigated by Helferich 
(Z. physiol. Chem. 1937, 248, 85 ; Annalen, 1937, 
581,160; 534, 276). 
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The Biological Significance of 
Glycosides. 

Various proposals have been made as to the 
funrtion of glycosides in plants. They may be 
Avaste materials, being the form in which toxic 
rompounda such os phenols and sterols are 
made soluble and removed. Bunge has made 
the interesting suggestion that their r61e is 
bactericidal ; when the tissue is damaged the 
eii/ 3 "mo hydrolyses the glycoside, liberating the 
aglyconc, which is frequently antuse[»tic (e g. 
])]ienolH), and prevents the harmful action of 
micro-organisms. The subject is discussed by 
K. F. and K. F. Armstrong, “ The Gl^Tosides,” 
Longmans, 19111. 

The occurrence of a glycoside in several 
different plant types is of interest, and In the list 
of natural glycosides wdiich follows, mtuition is 
made of such distributions. In some cases, 
glycosides of very different types aio found in 
the same source ; thus horse-chestnuts (from 
jF.nrulus hi'pimcastannm) contain jcsciii (asteroid 
ol the saponin type) and a^seulin (a coiunariii 
glycoside). The presence ol crocin (a carote- 
noid) in some species of croc us and ol'picrocrocin 
(a terpeme glycoside) in other specic‘s is note- 
worthy because carotenoids and terpenes are 
generally regarded as being formed from isoprene 
units. 

liihliographg. — An exeedlent account of the 
cardiac glycosides is givcni in I<"iesc;r’H “ The 
(’liemistry of Natural Products lielatcnl to 
PluMiantbrciie,” 2rid od., Bcinhold Piibl. (Wp., 
New York, 1997. Developments in the field 
of anthocyanins have been reviewed by Jlobin- 
son in a series of paiiers, including Nature, 19,*{5, 
135, T.V2; 193G, 137, 94; 1938, 142, 3r>fi. A 
general review of the subject is given by E. F. 
iuid K. F. Armstrong {op, nL). 

An aljihabetical list of glycosides found in 
nature hoav follows, in which the literature has 
been reviewed up to and including 1938. I’lie 
struc'tures of glycosides belonging to the im- 
portant group of the anthocyanins are given 
AMth rofcronco to a “ typo Ibrmnla ” to bo 
found m the survey of the various types of gly- 
cosides, earlier in this introduction. Glycosidic 
links (from the reducing hydroxyl group of th 
siigai) are to bo assumed unless it is otherwise 
stateci, and if a glycoside is hydrolysed by 
eniulsin it is normally a ^-glycoside. The 
spccirie rotation quoted is measured in acpieous 
solution unless the solvent is stated. The 
activity of some cardiac glycosides has been 
gi\cn, expressed in frog-doses per mg. 
(F U./mg.). 

Acaciin (v. Vol. I, 12). 

Acacipetalin, CnHi^OflN, m.p. 176-7°, 
r^ln — 36*6°, is a eyanogenetic glucoside from 
Acaria species. Complete hydrolysis (alkali 
and then acid) yields d-glucose and isobutyryl- 
forinio acid (Rimington, 1937, A., 11, 136). 
It appears to be dimothlyketen cyanohydrin 
jS-gluooside. 

Acertannin, CjoHgoOia, m.p. 165”, [a]D 
+ iil” (acetone), occurs in Acer ginnale. It is 
probably the digalloyl derivative of an anhydro- 
liexitol (Fischer and Freudenborg, Annaleii, 
A911, 384, 238 ; Perkin and Uyeda, J.C.S. 1922, 
121 , 66 ). 


9-Adenine-thiomethylpentoside has been 
foimd in yeast extracts (JMandel and Dunham, 
iT. Biol. Chem. 1912, 11, 85; Suzuki et al., 
Biorhera. Z. 1924, 154, 278; L(*vene, J. Biol. 
Chem. 1924, 59, 465; ibid, 1925, 65, 551; 
Sobotka, ibid. 1926, 69, 267). Falconer and 
GuUand (J.C.S. 1937, 1912) have shown that 
the sugar is attached to pc'sition 9 in the adenine 
molecule. The constitution of the sugar is 
not yet knovn. 

Adenosine, Cj„Hj 304 N 5 liHa0, la]i) -60°, 
9-adenine- J-ribofuraiioHide, has been isolateii 
from heart-muscle and from yeast, and is a 
•omponent of their luidcie acids. Acid or 
enzymic hydrol^’sis givc.s d-ribo.so and adenine 
(Levene and Jacoba, Bcr. 1909, 42, 2703). 
Monripbo.splioric cslcis of adenosine (»cciir as 
mu8cle-ad(-ny]jc acid and ycast-adcnjdic acid; 
the latter has the jihosplioric acid rcsidiio in 
position 3 of the riboao. Adcnosinetriphosphatc 
occurs in muscle extract (TA)hmann, Niiturwiss. 
1928, 16. 298 ; 1929, *17, 624) and jdays an im- 
portant ])arl in sugar metrihohsm in aniinal.s and 
planks and in alctiholn; fi;rmcntalion (the posi- 
tion of the rihoae sulc-diaiii is discussed by 
Gulland and Holiday, J.C.S, 1936, 765) {v. Vol. V, 

18/j). 

Adonidoside, Adonivernoside, are cardiac 
glycosides isolated from Adonis nernaUs (Mercier 
aiidMercier, Rev. Pharmacol. 1927, 1, 1). Their 
pihysiological acti\iti(‘s are 600 and 300 F.D./iiig. 
resjiectivcly (e. Vol. IT, 3876). 

/Escin, Cj-jHugOg:, (decomp. 220-230°), is a 
saponin occurring in horse-chestnut . seeds 
{jEsculus h ipporastan um). Hydrolysis is rejjorted 
to give glueo.se, gliieuroiiic acid and fcsci- 
genin (v. Vol. I, lOOc), wdueh ajipears to bo 
a triterpenoid of the hoderagenin type (sfle 
Hederiii, ]). 89f/), since on dehydrogi-natioii 
it ^delds sapotalin. Its consi/itution is not yet 
known (Chem. Zentr. 1920, 11, 2780). {Sec also 
Wiiiterstein, Z. physiol. Chem. 1931, 199, 25; 
Buie.s and Rahor, Chem. Zentr. 1935, 1, 3936 ; 
1937, IT, 40.3.) 

/Esculin (y, Vol. J, 160). 

Aloin {v. Vol. I, 202a) 

Althaem, C25,H230].^CI (chloride), is an 
anthocyanin occurring in black malloAv {Althaea 
rosea). Hydrolysis ^delds glucose (1 mol.) and 
myrtillidin chloride, which is the 7-mcth3d ether 
of dolphinidiii chloride {v. Vol. Ill, 554d) 
(Willstatter and Martin, Annalcn, 1915, 408, 
110; Chem. Zentr. 1930, I, 3193). {Of. Karrer 
and Wclier, Helv. Chira. Acta, 1936, 19, 1025, 
who find althiein to be a mixture of various 
anthocyanins) {v, Vol. I, 264a). 

A mol on in is a crystalline saponin present in 
the (Mfornian soap plant, Chlorogalum 2^omeri- 
dianum (Jurs and NoUcr, J. Amer. Chem. Soc. 
1936, 58, 1251). Amolonin has the probable 
molecular formula Cg 3 HjQ 403 i. Hydrolysis 
gives d-glucoBO (3 mol.), d-galactose (1 mol.), 
Z-rhamnose (2 mol.) and a sterol, tigogenin, 
identical with the aglycoiie of tigonin (p. 97a). 

Ampelopsin {q.v.). 

Amygdalin {q\v.). 

i 5 o-Amyg(|ilm is dZ-mandelonitrile /3-gentio- 
bioside. " 

An d rosi n (g. v.). For syntheBis, see Mauthner, 
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J. pr. Chem. 1918, [ii], 97, 217; 1925, [ii], 110, 
123). 

a-Antiarin, ^-Antiarin (v. Vol. II, 387c). 
a-Antiarin on JiydrolyniH i^ivca a su^'ar, antiaroRP, 
C)f unknown Rtnirturo (iHoinerid with rhainnose) : 
^‘antiann givoR rharanoRO (Tflchescho, Her. 1936, 
69|BJ, 1377). 

Apiin (q.v.). 

Aralin iH u Kayxjnin of the hederiri type (p. 89c) 
found in vaiiPtipR of Aralia (Wintprateiii and 
Stpin, Z. physiol (3icin. J932, 211, 6). 

Arbutin (/. Vol J, 457c). (Purification oi 
ai Imtin to m.p. 199*5-200^, |a]], —64*3°, has been 
reported by Jteicheit and Turkewitseh, Arch. 
Phann. 1938, 276, 397.) Tlic rate of hydrolysis 
and its activation energy have been measured 
bv Moelwyn-llughcs (Trans. Faraday Soc. 1929, 
25, 503). ‘ 

3"lie blackening of th(‘ leaves of certain 
varieties of Pyriis is duo to hydrol3’^sis of arbutin 
tiy enzynies yirc'sent ; the liberated hydroquinono 
is reaflily o.xidised to give n black product. 
J.,eaves containing much methylarbutin turn 
yellow and thfui black, owing to the dillereiit 
oxidation reactions of rncth^ lhydrocjuinone. 

Asperulin {q v ). 

Atmctylic Acid, (yiotas- 

sium salt), m,p. 173", [alj, —64'', appears to be 
of (ho mustard-oil glucosidc type. It is the 
poisonous prineijile ol‘ the roots of Atraefyhs 
(jKiiimifara {(Vjrlina gummifcra) (Chem. Zentr. 
1920, II, 614) and is ol unknown constitution. 
Acid hydrolysis gives glucose, valerianic acid 
(2 mol.), potassium hydrogen sulphate (2 mol.) 
and an unidentified aglucono, C,4H2204 
(WuiiHchendorff and Hraudel, i/nW. 1932, 11, 
70; fier. oho Ajello, ibid. 1933, II, 2399; Wun- 
sehendorn’ and Valicr, ibid. 1034, I, 3752, 3861), 

Aucubin {q.v.). 

Avenein (glucovanillin), Ci 4 HjyOf,, m.p. 192°, 
[a]j, —88-0, is found in Amina mtiva and Tri- 
ticum rrpens. It appears to be a glueosiilc of 
vanillin (see Fischer and Kaske, Her. 1909, 42, 
1465). It is an oxidation product of the 
glucosidc coniferin (q.v.). Vanillin )5-glucoside 
has been synthesised (Thorpe and Williams, 
1937, 494). 

Baicalin (</.i’.). An enzyme, prepared from 
Prunv^s armeMiaca var. ansu consists of biacah- 
nase and )5-glucosidaso (Miwa, Anier. Cheni. 
Abstr. 1936, 8272 ; Shibata and Hattori, Acta. 
Phytoehim. 1930, 5, 117; Miwa, ibid. 1932,6, 
155; 1935, 8, 231 ; 1936, 9, 89). 

Baptisin, m.p. 240°, [a]i, -61°, 

occurs with 0-baptisin in the roots of Baptisia 
iinctoria. Hydrolysis with acid gives Lrhamnose 
(2 mol.) and baptigenin. ^^r-Baptisin on hydro- 
lysis gives rf-gliicose, i-rliamnose and 0-bapti- 
gonin (Spkth and Schmidt, Monatsh. 1929, 
53/54, 454). 





OH 


HOi 






CO 



2 


^-BaptlgLMiiii. 


The position of the sugar residues in baptisin is 
not settled. 

Barbaloin (r. Vol. I, 262a). 

Butririi C27H320jg,2H20, [a]^) — 81-7° (in 
pyridine), has been isolated from Butea frondosa 
dower (Lai, J.C.S. 1937, 1562; J. Indian Chem. 
Soc. 1935, 12, 262). Hydrolysis gives glucose 
2 mol.) and 7;3':4'-trihydroxyllavanoiie. The 
sugars are present as a bioside. 

Callistephin {q.v.). 

Camellia-Saponin, C 3 ,H^ 4 O 30 , 6 H 2 O, m.p. 
208° (anhydrous), [al^, +37°, is a saponin of the 
■lederin type (?;. p. 89) found in CnmefUajapomra. 
Hydrolysis gives gliieose (3 mol.), arabiiiose 
[2 mol.) and camellia-sapogenin, C29H440_r,, do- 
coinp. 19+197° (Aoyama, Chem. Zentr. 1029, J, 
248), of unloiown structure. On dc'hydro- 
;enatioii the sapogenin yields sapotalin (1:2:7- 
trimothylnaphthalene), suggosting that it is 
limilar in structure to hederagenin (p. 89rf). 

Cerberin {v. Vol. If, 481). A cardiac 
glycoside (Vol. II, 387c). 

Cetyl fZ-Glucoside, m.p. 150°, 

[“•In —22°, occurs in the Sarmparilla root. It has 
boon synthesised from cetyj alcohol and ac'cto- 
bromoglucose (h^iseher and Helferich, Annalen, 
1911, 383, 79; Salway, J.C.S. 1913, 103, 1022). 

Chebulinic Acid, C 41 H 34 O 27 , [tt]u+ I f*'’ 
(MeOH-HaO) , occurs in the fruit of Terminaha 
hcbula. Hydrolysis by dilute alkali or by 
taniiasc gives rZ-glucose, gallic acid (3 mol.) and a 
dibasic acid of unknown structure! (Freuden- 
berg, Ber. 1919, 52 [BJ, 1238; 1920, 53, [BJ, 
1728). One carboxyl group of this acid aiiiicars 
to be condensed with the glueosidic hydroxyl 
group and at least two of the gallic acid mole- 
cules are attached to the glucose (Preudonberg 
and Frank, Annalen, 1927, 452, 303). 

Cheiranthin {q.v.). 

Chellol-Glucoside, Ci 9 H 2 o 04 o, 2 H 20 , m.p. 
175°, occurs in Arabian “ ehellah,” Amni vis- 
naga. Acid hydrolysis gives f/-glucose and a 
substance of the coumarin type of unknown con- 
stitution (Fantl and Salem, Bioehem. Z. 1930, 
226, 166). 

Chrysanthemin {q.v.). 

Cichoriin {q.v.). 

Citronin, C 28 H 34 O 14 , m.p. 235°, occurs in 
various species of Citrus {cf. Naringin). 
Hydrolysis gives t?-glucose, Lrhamnose and 
citronctin, CigH4405, m.p. 225°, which is 6:7- 
dihydroxy-2'-methoxyflavanone (Shinoda and 
Sato, Chem. Zentr. 1931, II, 2326; Yamamoto 
and Oshima, Amor. Chem. Abstr. 1932, 26, 
1295). 

Clavicepsin {q.v.). 

Coniferin {q.v.). 

Convallatoxin {v. Vol. II, 3876). 

Convicine, CioHj 5 NaOB,H 20 , is a pyrimi- 
dine glucosidc occurring with vicine (1;. p. 97d) 
in vetch seeds (Ritihausen). It appears to have 
the formula given at the top of the next page. 


Baptigeuln. 
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^CO NH 
HOCH \cO 

C — N — cZ-gluco8o 

NH 


(iSfee Johnson, J. Amer. Chern. Soc. 1914, 36 , 357 ; 
Kiabcr and Johnson, ibid. 1932, 54, 2038.) 

Convolvulin {q.v.). See also Mannich and 
Schumann, A., 1938, II, 238. 

Coronillin {q.v.). 

Crocin {q.v.). 

Cyanin {q.v.). 

Cyclamin, decomp. 254°, a ea- 

ponin of the hoderintypo (p. 89) found in alpine 
violets {Cyclamen eiiropfrvm) (IMzak, Ber. 1903, 
36 . 1701; cf. (3iem. Zonfcr. 1927, I, 2331 ; 

1929, 1, 20.55). Hydrolysis gives glucose (3 mol.), 
aiabinose (2 mol.) and cyclamiretin, C28H4g04 
(l)aferL et al., C'hem. Zentr. 1920, 11, 2437; 

1930, I, 1798; 1934, II, 1785 (revision of mole- 
cular tormulic)). The last compound gives 
sai»otaliii on dcliydrogcnation. Its structure 
is not yet known. 

Cymarin {q.v.). 

Cytidine is a pyrimidine nucleoside {cf 
Uridine, p. 975) formed on hydrolysis of yeast- 
nuclcio acid. It is 3 -cytosine d-ribofuranoside. 


^.C(NH2):N 
CH XCO 

C H N — d-riboso 


In the nucleic acid, the hydroxyl group in 
position 3 of the ribose is esterilied with phos- 
jrhorie acid (Levene and London, J, Biol. Chem. 
1929, 83 , 793). 

Daidzin, CaiHgoO^, m.p. 235^ [a]^ —37°, is 
an rwOavonc glu coside from Soja hispida {cf. 
(hmistin, p. H8c). Hydrolysis gives d-glucose and 
daidzein (u. Vol. V, 250f). 

Daphnin {q.v.). 

Datiscin {v. Vol. Ill, 549r), 

Delphin {q.v.). 

Delphinin {q.v.). 


Deoxyadenosine, deoxycytidine, de- 
oxyguanosine, deoxyuridine. — These purine 
nucleosides are hydrolysis products of nucleic 
acids, and are similar in structure to adenosine, 
cytidine, guanosine and uridine respectively, 
having deoxy-d-rihofuranose in place of d- 
nbofuranose. They are obtained by enzymatic 
cleavage, as deoxyribose is very sensitive to 
chemical reagents (I^evene and London, J. Biol. 
Chem. 1929, 81 , 711 ; 1929, 83 , 793). Gulland 
and Story (J.C.S. 1938, 259) have shown that 
in deoxyadenosine the sugar is attached to 
position 9. 

Dhurrin {q.v.). 

Dibenzoylglucoxylose, C25H2^0^2, mp. 
148°, [d]j) —107°, occurs in the branches of 
Daviesia latifolia (I'omxt and Sal way, J.C.S. 
1914, 105 . 707. 1062 ; Tutin, tbid., 1915, 107 , 7). 
Alkaline hydrolysrs gives benzoic acid and gluco- 
xylose, a disaccharide, [ajjj —30-5°, non-reducing 
to FehUng’s solution and giving no osazone. It 
appears to be tZ-xylosido-d-glucoside, the two 
glycosidic hydroxyl groups forming the linkage 
between the sugars. 

Digilanides (A, B and C) (r. Vol. IT, 385). 

Diginin {v. Vol. II, 384(7). 

Digitalin (y. Vol. 11, 381d). 

Digitonin is a saponin, occurring with several 
cardiac glycosides of somewhat similar constitu- 
tion {e.ff. digitoxin) in the leaves of Digitalis 
jmrpurca. Tt is one of the few wtdl-characterised 
sa]»onins. Its isolation in a pure state is never- 
theless difficult. Cardiac glycosides are re- 
moved from the crude extract by chloroform or 
ether. Digitonin is then separated from other 
sapomns (gitonin, tigoiiin, (do ) by fractional 
precipitation with amyl alcohol (Kiham, Ber. 
1910, 43 , 3562; 1916, 49 , 701) or as an 
adduct with ether (Windaus, Z. physiol. 
Chem. 1925, 150 , 205). Repetition of these 
methods gives pure digitonin. It has the 
probable molecular ftjrmula CggHBaOgg, rn.p. 
235°. Hydrolysis gives glucose (2 mol.), 
galactose (2 mol.), xylose (1 mol.) and the steroid 
digitogenin, C27H44OB, m.p. 253°, which appears 
to have the following structure {see Tschesche 
and Hagedorn, Ber. 1936, 69 [BJ, 797) : 


CHMe— CH— CH— CH.,— CHMe 



Digitoxin {v. Vol. II, 3845). 

Digoxin {v. Vol. II, 3855). 

Diosmin (Barosmin), C34H44O21, m.p. 280° 
{v. Vol. IV, 8c), 

Dryophantin, C28H23025> ni.p. 220°, occurs 
in galls produced by Ihyophanta, on Querc'o.s 
species. Hydrolysis gives glucose (2 mol.) and 
piirpurogallin, m.p. 276° (Nierenstein, J.C.S. 
1919, 116 , 1328). 


I I I 

O * O CHa 


Emicymarin, C30H46O0, is a glycoside iso- 
lated from the seeds of Strophanthus emini by 
Lamb and Smith {ibid. 1936, 442) by partial 
enzymatic hydrolysis. Acid hydrolysis gives 
digitalose {q.v.) and a steroid trianhydroperi- 
plogenin {see Periplocymarin, p. 93a). 

Erysolin {see Glucocheirolin, p. 88d). 

Euxanihic Acid {q.v.), CiBHiftOio,3H30, 
m.p. 162 ^ is the glycoside present in Indian 
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yellow (Kofltancfki, Ber. 1880, 19, 2918). 
HydrolyKiH givcH d-gJuouronic acid and euxaii- 
thono, 3:5-dihydroxyxanthone, rn.p. 237'' 
(Graebe, Ber. 1899, 22, 1400). 



l^iixaiilhone. 


'J’lio iironic acid j'h nttacbi'd to poHi'tion 3 and 
baa a jiyranosc alj-uctiiro (RobcitHon and 
Waters, J“C.S. JO.'U, 1709). 

Floridoside, C(,H,^Ofj, ni.p. 87'^ fa]|, -firiJ", 
occurs in Uhodymrnia pn/jan/o. IIydrol3'HiH by 
acid or yeast giv(‘s galactose (I inol.) and 
glycerol. Jt is not b3'drol\^sed b^^ emuLsin, and 
it IS tbcrciore probably an a-galaeto.side 
(('olin and Aiigier, Cbeni. Zcnitr. 1933, 1, ,3953). 
It is prrdiably ^-(a-r/-galactoHido)-glyeeroJ (Colin, 
Bull. Soc. cbim. 1937, [v], 4, 277). ' 

Folinarin lias been hIiom u to be idcid.i(‘a.l vviib 
obaindrin (p. 92e) (NiMiinimn, Ber. 1937, 70 | BJ, 
lt)'17 ; 3’Hclj('scb(\ ihid. lOr)!). 

Frangulin (l‘'ranguloHide) is a glycoside of tbe 
anthracpniioiie typ(‘, giving rliainnoae and 
4:0.7-! ribydroxy-2-ni(‘tbylant lira (juinone on liy- 
drolysiH. It oceiirs in Uhaintius frariyula 
(Bridel mid Cbaraux, Cloni])t. nnid. 1^30, 191, 
lini). 

Fraxin, ni.p. 20.5", is a eoumarin 

gliieoside found in tbe asb {Fraxiniiff earchioj) 
and speeies of Mficulus. Tl ydrolysis by eniulsm 
or acids gives d-glucose and fraxetin, G-methox^'- 
7;8-dib3"dro\y eoumarin, m.p. 227-228^". 3iu‘ 
glueoHO is altaelied to jiositioii 8 (Wessely and 
Denimer, Ber. 1928, 61 (BJ, 1279 , 1920, 62 [B), 
120; Wessely and Jjceliner, Monatsb. n)32, 60, 
159). 

Fustin, m.p. 330", bas been de- 

scribed as a llavoiiol glycoside oeeurrmg in the 
sterns and brauelu’s of joimg fustic {Rhus 
cotinus) nnd in Quvbrncho coJoiado. Hydrolysis 
was said to give rbamnose (1 luol.) and fisetiii 
(2 mob), CjgH^yOfl, m.p. 21 9^ Fiaetin is 
3:7:3':4'-tetrH.bydroxylbivoiie (A. G. I’erkin, 
•T.C.S. 1897, 71, 1194; Allan and Robinson, ibid. 
1926, 2334). 

Recently, boweyer, it has been claimed that 
fiistin is dil^ydrofisctin, and gives no sugars on 
hydrolysis (Oyainada, J. Chem. 8oc. Japan, 1934, 
55, 755 ; 56, 980). 

Galuteolin, CgiHgoOu, m.p. 280°, is a 
flavono glycoside isolated from tlic seeds of 
Galega officinalis. Hydrolysis gives glucose and 
luteolin (v. Vol, IV, ]89»), the dy^e of Reseda 
luteola which when dried is known as “ dyw’s 
weed ” (Barger and White, Bioebem. ,J. 1923, 
17 , 836; Chem. Zentr. 1931, II, 2464). 

Gaultherioside, CiaHa^Ojo, m.p. 185°, 
[a]p —68°, is present in fresh Oaullheria pro- 
cumbena. It is non-reducing. Hydrolysis ydelda 
glucose, xylose and ethyl alcohol (Rabatc and 
Rabat6, Chem. Zentr. 1931, II, 1711). The 
sugars are present as the bioae prime vorose (r/. 
Primevorin, p. 94tt) ; it is thereforJ ethyl 
primevoroside. It is not thought to*be formed 


from primevorose during extraction {see Rabat6, 
Bull. iSoc. Chim. biol. 1938, 20, 449). 

Gaultherin (,^ce Monotropitin, p. 92a). 

Gein (gcoside), m.p. 146°, 

[a]p —64°, occurs in Geiiin urbanum. Hy’^drolysis 
by tbe enzyune gease gives vieianoao (6-j8-?- 
arabmohido-d-glucose ; cj. Vieianin, p. 97c) 
and eugcnol (Vol. IV, 394(i). 

vicianose 


O — ^glucoae-nrabinose. 



CHgCHiCHg 

Grin. 

(Herissev, (3iem. Zentr. 1926, 1, 2358 ; II, 24,36 ; 
1927, 1, 1025). 

Genislin, m.p. 2.74-2,56°, [al^ 

—28", is an i-solla vone gbicosido occurring with 
(laidzin {v. supra) in Soja htspida. Acid hydro- 
lysis gives d-glueose and genistein, Cj^Hj^Og, 
ru.]). 297 298", uhieh is 5:7:4'-tnhy droxya<fo- 
/lavone. 33i(‘ sugar in genistin is aitaehed to 
jiosition 7 (Walz, Annalen, 1931, 489, 118). 
Gciijstem oeenrs also m dyei's broom. Genista 
iinctoria (Bakc^r and Robinson, J.C.S. 1925, 
127, J98J ; 1926, 2713; 1!>28, 3115). 

Gcntianin (7 r ). 

Geranyl-Glucoside, C|gHjj„Og, m.p. 58°, 
[a]f, —37 , oei'uis in RvlaKfautinu odoratum. It 
IS u j3-glui osule, whieb lias been sy nl liesisod 
trom tbe toiiienc geianiol {(/.v.) and aeetobronio- 
giueosc (Kisiher and Hellerieb, Annalen, 1911, 
383, 77). It lias also been obtained by’^ enzyme 
synthesis, Iroin geramol and t/ gbieiise in the 
presence ol cmulsin (Bourquelot and Bridel, 
Coinpt. rend. 1913, 157, 72 ; Chem. Zentr. 1913, 
11, 1,309). 

Gesnenn {(j.o.). 

Gitalin (e. Vol. 11. 38 Ic). 

Gitonin is one of several sa}ioninH ocenriing 
(^Ailli cardiac glycosides) in the leaves of Digitalis 
jiurpurea. it is separated from digitonin by 
fraetional precipitation -with ether (Windaus, 
Z. jihysiol. Clicm. 1926, 150, 205), and also by 
fractional crystallisation from alcohol-water 
mixtures; it ^\as first isolated by Windaus and 
Schneekenburger (Her. 1913, 46, 2628) from im- 
pure digitonin preparations. It has the pro- 
bable molecular formula CgiH^gOgg, m.p. 272°. 
Hydroly.sis gives galactose (^ mol.), an un- 
identified pentose (J mol.) and a steroid gitogenin, 
C27 H4494, m p. 272°. The last compound has 
been assigned a structure closely similar to that 
of digitogenin (p. 87f/) but having no hydroxyl 
group ill position 6 (see 'rschesehc, Ber. 1936, 
68 [B], 1090 ; ^''schescho and Hagedorn, ibid. 
1936, 69 [B], 797). 

Gitoxin. A cardiac glycoside {v. Vol. II, 
3846). 

Glucocheirolin, Ci^HaoOnSgNK-HjO, 
m.p. 160°, [a]j) —21-5°, is a mustard-oil glucoside 
found in the seeds of waUflowers {Cheiranthua 
cheiri). It is hydrolysed by tlie enzyme myrosi- 
nase to cheirolin (Vol . II, 627c), d-glucoso and 
potassium hydrogen sulphate (Schneider and 



GLYCOSIDES. 


89 


Lcihmann, ibid. 1912, 45, 2954; 46, 2034; see 
also Annalen, 1912, 386, 340) {cf. Simgrin, p. 96«). 
A homoJogiio of cheirolio, erysolin 

CH3S02[CH2VNCS, 

onciiFB as a glucosido in the set'ds of the orange 
wallflower, Ery.simum jif“rojRkianum. 

Gluconasturtiin, CjbHj.,P^SjjN K, is a 
mustard -oil gluooside from the seeds of Nastur- 
tium officinale. Hydrolysis by mvrosinasc gives 
rf-glijros(;, phenylethyl lAothioeyariuto and 
potassium hydrogen sulphate (ffadaiiK'r, Her. 
lHtl9, 32, 2335) (r/. Sinignii and Ghieotro- 
jaeolin). 

/O SOnOK 

PhCH2CH2N:C<^ 

S — glueose 

Gluconasturtiin 

/ 1 -Glucosido-Gallic Acid (Clucogalhn), 

^la^io^io' I 

in.p. lOir, [a]j, —21'’, IS found in ('hinesi' 
ihnbarb (Fischer and Strauss, ibid. 1912, 45, 
3773 ; 1918, 51, 1804) {cf. Tctrarin, p. 97a). 

Glucotropaeolin, C 14 H K, IS a 

111 ustard-oilglueoHide found in Tuypiroleinn majus 
and Lepidium salirum. Hydiolysis by the 
enzyme myiosinase gives d-glueose, licnzyl iso- 
thiocyanate (PhCHoNCS), and potassium 
hydrogen suljihate (Gadanier, l.c.). It is there- 
fore analogous to sinigriri and glneonasturtiin 

Glycyphyllin, C2iH240„-3H20, m.p. 17.5- 
180", oeeiirs in the leaves ol Einilax (jlyryphylla ; 
it appears to b(‘ a rhamiioside of })hloretin (.sv-r 
Fhlondzin, p. 935) (Wright and lieniiie, d.C.S. 
1881, 39, 237 ; Keiinio, ibid., 1880, 49, 857). 

Gossypitnn (t\ Vol. Ill, 4005; also Keela- 
kjintam and Seshadri, 1937, A., 11, 445; 1939, 
A., 11, 245). 

Guanosine (Veriiine) was the first nueleoside 
to he discovered in natuie (iSehiilze. and Hoss- 
bard, Z. physiol. Chem. 1885, 9, 448 ; 1880, 10, 
80). It occurs in various plant tissues {Vicia, 
IjUpinvs, ete.) and is a hydrolysis pioduet of 
yeast-nncleie acid {also thymus- and xianeroas- 
nueleie acids). It is O-guanine-d-ribotiiranoside, 
guanine being 2-amino-O-oxypurine {see also 

NH CO 

I I 

HoN-C C— c/-ribose 

“ II II >CH 

N C— 

Levene and Jacobs, Ber. 1909, 42, 2474; 1910, 
43, 3103; Gulland and Holiday, J.C.iS. 1934, 
1039; 1938, 692). Guanyhc acid has a 

phosphoric acid residue in position 3 of the 
riboso, and it is in this form that guanosine 
occurs combined in the nucleic acids. 

Gynocardin, CigHj^OgN, ni.p. 103°, (alj) 
4-72-5°, is a cyanophoric glucoside found in the 
oleaginous seeds of Qynocardia odorata. It is 
accompanied by an enzyme, gynocardase, which 
hydrolyses it to d-glucose, hydrocyanic acid 
and a diketoiie of unknown structure (Power 
and Lees, J.C.S. 1905, 87, 349; Brill, Chem. 
Zentr. 1923, 1, 104 ; Floriana, ibid. 1929, 1, 761). 

Gypsophila-Saponin (allia-saponin, saponal- 
bin) is a saponin belonging to the hederin group 


{v. infra). It occurs in Gypsophila arrostii and 
panic ulata (Kofier and Dafert, ibid. 1924, 1. 922). 
Hydrolysis gives arabinosc, rhamiioso, glucose, 
galactose and gypsogenin, C2gH4404, which on 
dehydrogenation yields, among other products, 
sapotalin (l:2:7-triniethvlnaphthaleno) (Buzicka 
vl (//., Helv. Chim. Acta, 1932, 15. 1196). 

Hamamelitannin, C20H20O14, m.p. 117“, 
0CCUI8 in Ilatnamelis vuyinica (Freudenberg 
and Bliiminel, Aiimib'ii, 1924, 440 , 45). 

Hydroly.sis b^" the enzyme taiinasc or by acids 
gives gallic acid (2 mol.) ami a hexo.se, hainame- 
lose (I mol.), lor which the following constitu- 
tion has been proposed (Schmidt., ibid. 1929, 
476 , 257). 

CH2 OH 
HO C CHO 

I 

CH OH 

I 

CH OH 
H.OH 

Beduelion of the corresponding aldonic acid 
with hydriodie acid gives methyl projiyl neetii’ 
icid; iiamamelose gives no osazone and has a 
dight hevo rotation. Identiiieafion is rendereil 
difheult by the fact that the sugar has not yet 
been obtained crystalline. Freudenberg {l.r.) 
suggests that the gallic acid moleeulcs are 
attached tliiough tluur carboxyl groiijis to the 
Xiiimarv aleoholie. groups of the bexose. ‘ 

Hederin belongs to a small group of tri- 
terjMMioid sapoDins the agly cones of which arcu 
not of tlm sterol type (as in the ease of 
digitalis saponins ; see Digitonin, j). 87r) but 
apjiear to be triter})enoid in character. Their 
eoiistit.ution is still under investigation. ZEsein, 
eamelba-sajionin, earyoearsajionin, cyelarnin, 
gypsophila-saponin, quillaia-Hajionin, etc., are 
ol this class. Hederin (a-lu'derin) is one of 
several saponins found in ivy {Iledcra helix) \ 
others present have not yet hec*n eharaetensed 
as chemical individuals. It is crystalline, having 
the molecular formula C4iH<,4bij. Hydrolysis 
yields rhamnosc, arahitiose ancl liedcTagcnin, 
‘C30H4HO4, m.p. 331°, falj, +70“. In common 
with the aglyeones of other members of this 
group, hederagenin on dehydrogenation yields 
sapotalin (1:2:7 - trimetbylnaphthalcne). A 
suggested structure for hederagenin is given 
below : 

H0H,C^^CH3 




90 


GLYCOSIDES. 


(Riizirka et al., TIclv. Chiin. Acta, 1937, 20 , 299, 
325; J9:iH, 21 , 1371 ; Z. KitHato, Acta Pliyto- 
chim. 1930-37, 9 , 43, (il, 75 ; 1937-38, 10 , 199). 

also Spring, (Jhoni. and liid. 1930, 55, 904, 
1050.) 

Helicin (S[)ir.iin), CjaHi^O^, in.p. 174-175°, 
[alp - 0()'\ iH Ralicylaldchydc-^-gliicosidc. it 
ocfurH in tSjHr.'f'a Hpc( icfl and i.s lormed when 
Halicin i.s oxidiHcd with nitric acid (Schifl, 
Anniihiri, 1 870, 154 , 15). It has been synthesiaed 
from Halicybildchydc and acctochloroglucose 
(.Michai'l, j. Arncr. Clicin. Soc. 1879, 1 , 305; 
licr. 187!), 12, 2200). Einulsin hydrolyaes 

hchein and also ita hydni/.oric and oxime. 

Hellebrin is a crystalline cardiac glycoside 
(!’. Vol. 11, 3H7r). 

Hesperidin, m.p. 251°, is a 

llavanriric glycosirlc found in the peel of several 
(>itrH,H flints (not Citrus dtnmmna) (Ticmann 
and W'ill, licr. 188 1, 14 , 948). Hydrolysis gives 
r/ gliicosc, /-rhaninosp and hcsperitiii, 
in.)>. 228", which is 5:7.3'-trihydroxy-4"-meth- 
oxyllavanone (Nynthosis : Shinodaand Kaw'agoye, 
C^hein. Zentr. 1920, I, 244). The sugars appear 
to be jircscnt as a biosc (King and Robertson, 
J.C.S. 1931, 1704). 

Hiptagin, Ci^hlj.iO^NgsiHgO, m.p. 110°, 
I a]p -|- 3-5° (in acetone), is a cyanophonc glucosidc 
loiind in the loot bark of Hi plage medablota. 
Dilute acid gives d-gliicosc and various degrada- 
tion produi'ts ; dilute alkali yields ammonia and 
hydrogen cyanide cvmi in the cold. It is 
considered to be the glucoside of an isoxazole 
derivative (sec Gorter, Anier. Ohem. Abstr. 1921, 
15 , 1299). 

Hirsutin (q.v.). 

Hiviscin, CgflHgoOiflCl, 314.^0 (chloride), is an 
anthocyanin obtained Iroin Hibiscus sahdanffa, 
m.p. 178°. Hydrolysis gives glucose, a pentose 
and deljdiinidm chloride (see Delpliimn) (Yama- 
moto and Osima, Cheni. Zentr. 1933, 1, 71 ; 1037, 
A., II, 71). 

Idaein, (<7.?^). 

Incarnatrin is a flavonol glycoside, from 
TrifoUmn incanmtiira (crimson clover). It is 
hydrolysed by emuLsin to glucose and quercetin 
(see Quercitriii, p. 94c) (Rogerson, J.G.S. 1910, 
97 , 1004). 

Indican, Ci^Hj^OgNjSHgO, m.p. 58° (an- 
hyd. 178°), [a]p —77-6°, occurs in various species 
of Indigofera and Jsaiis tifictoria, etc. It is )3- 
indoxyl glucoside, being the form in which 
indigo occurs in the plant. Hydrolysis by the 
enzyme indemulsin (with which it is found) or 
by acids gives d -glucose and indoxyl, which is 
readily oxhlised (e.g. by air) to indigotin. 


Inosinic Acid is a purine nucleotide, and was 
first discovered in meat extract by Liebig in 
1847. Careful hydrolysis gives phosphoric acid 
and inosinc, O-hypoxanthine-d-ribofuranoside. 
In inosinic acid the phosphoric acid residue is 
on position 6 of the sugar (Levene and Jacobs, 
Her. 1908, 41 , 2703; 1909, 42 . 335; 1911, 44 , 
740 ; Levene and Tipsoii, J. Biol. Chom. 1935, 
111 , 313). In fresh tissues inosine is largely 
rejilaced by its precursor adonine-5-phosphoribo- 
furanoside ; the latter is transformed into 
inosinic acid by a specific enzyme. The position 
of the ribose side-chain is discussed by GuUaiid 
and Holiday (J.C.S. 1930, 705). 

Iridin, C24H2fl0j3,H20, m.p. 208° (an- 
hydrous 217°), is an i/foflavone glucoside found 
m the rhizomes of iris (Iris fiorentina, germanica, 
etc.). Acid hydrolysis yields r/-glijcoso and iri- 
genin, m.p. 180°, 5:7:3'-trihydjoxy- 

0:4':5'-trimethoxy/'.9oflavoue (Baker, ibid. 1928, 
1022). (Cf. Tectoridin, p. 9GcZ.) 



For the synthesis of iridin, see Baker and 
Robinson, .1 (!.vS. 1929, 152. 

Jalapin (scammonin, orizabin), Cj4Hg20ig, 
m.p. 208°, is found in Slipitcs jalapd.% Con- 
volvulus ortzaberisis and tScaimuonia. Hydrolysis 
gives J-glueose, /-rhamnose, d-fucose (rhodeose, 
V"ol. V, 330r) and jalaponic acid, CijHggOg 
(11-hydioxyhexadoeaiioic acid), m.]). 08° (Davies 
and Adams, .1, Amer. Chem. ISoc. 1928, 50 , 1749 ; 
Votocek and Valentin, Amer. Chem. Abstr. 
1928, 22, 1301) (?', (;Jonvolvulin). 

Jalapin has a liiemolytic effect similar to that 
of tlie sapoiims ; it paralyses the motor parasym- 
pathetic nerves (Heinrich, Biochem. Z. 1918, 
88 , 13; Hollander, Amer. (3iem. Abstr. 1930, 
30 , 5305). 

Kaempferi m.p. J95", is a 

flavonol glycoside found in senna leaves. 
Hydrolysis gives glucose (2 mol.) and ka'mpferol 
(eampherol), 5:7:4'-trihydroxyflavonol, m.p. 277° 
(Tutin, J.C.S. 1913, 103 , 2006). 




Indican. 


Indican is hydrolysed slowly by emulain. For 
the synthesis of indican, see Robertson, J.C.S. 
1927, 1937 ; ibid. 1933, 30. Indole i^rivatives 
are eliminated from the body in th/' form of 
indican. ^ 


Keempferol is the aglycono of several other 
glycosides (kcempferitrin, robinin, etc.). 

Ksempferitrin, m.p. 203°, is a 

flavonol glycoside, found in Java indigo (Indigo- 
fera arrecta). Hydrolysis gives rhamnose (2 
mol.) and k®mpferol (v. supra) (Tasaki, 1927, A., 
918), The rhamnose appears to be attached, as 
a disaccharidc, to the hydroxyl group in 
position 3. 

Keracyanin (Prunicyanin), v. Vol. I, p. 449a. 

Kerasin, C48H2308N,H20, m.p. 187°, [ajj, 
—11-6° (CHCI3) is a galactolipin occurring in 
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tho brain (see Klenk and Harle, Z. physiol. 
Cliom. 1930, 189, 243 ; Chibnall, IMper and 
Williams, Biochem. J. 1936, 30, 100). 

Lactoflavin (now riboflavin, vitamin Bj) 
6:7‘dimethyl-9-cZ-ribitylisoaIloxazine, is neces- 
sary for the growth of rats (Gyorgy, Kuhn 
and Wagner- Jauregg, Naturwiss. 1933,21, 560). 
For synthesis, see Karrer, Helv. Chiin. Acta, 
1935, 18, 426, 522, 1435. 

OHOHOH 

I 1 I 

C H ._C— C— C— C H j5- O H 


taraman, J.C.S. 1929, 61 ; Cullinanc. Algar and 
Ryan, Proc. Roy. Dub. Soc. 1928, 19, 77). The 
cyanogen radical appears to bo attached to tho 
sugar groups (see, however, T. A. Henry, J.S.C.T. 
1938, 57, 248, whore Duiistaii and Henry's in- 
vestigations are not supported). 
Lusitanicoside, m.p. 1H8", [al„ 

—74", is found in Portuguese cherry laurel 
leaves {Cera^sus lusitanica). Hydrolysis gives 
p-alJylphenol (chavicol), d-glucosc and /-rluirn- 
nose (Herissey and Laforest, Chem. Zentr. 1932, 
IT, 232 ; 1934, I, 2137). The sugars an* present 
as the biose rutinoso (/3-1 -^-rhamnosido-O-tf- 
;lucoHe)and lusitanicoside is therefore ehavicol- 



LactolUivin. 

It is interesting to note that the ribosc may be 
eliminated by irradiation in neutral solution. 

Linamarin (phaseolunatin), 

CioHj,O.N,H,0, 

m.p. 142", [a]j, —29°, IS a cyanophoric glueosidc 
found in young flax {Linum usitatissinmm) and 
in rhaseoJus lunaius (Jorissen and Hairs, Bull. 
Acad. roy. Bclg. 1891, 21, 529). It occurs also 
in the rubber tree, Iltvca brasilimsis. It is 
hydrolysed by aqueous alkali to ammonia and 
phasoolunatinio acid, C^QH^fjOy, which with 
dilute acid gives cif-glueoflo and a-liydroxy- 
/.wbutyric acid, Me2C(OH)COOH. The 
structure of linamarin is 

M CgC ( C N ) ■ O — glucose 

(^-glucosidie link). For synthesis, see Fischer and 
Anger, Ber. 1919, 52, 854 ; Sitzungsbor. K. Akad. 
Wiss. Berlin, 1918, 203. The action of enzymes 
upon linamarin has boon the subject of contra- 
dictory reports. In general, it appears to. be 
a( com]:)anied by a specilic enzyme, linase, by 
whieh it is hydrolysed to d-glucoso and acetone 
eyanhydrin. Emulsin yields rf-glucose, acetone 
and hydrogen cyanide. 

Linarin, 02^14240^1, is a flavone glycoside 
found in toad flax {lAnaria vulgaris). Hydrolysis 
gives glucose, rhamnoso and 0;4'-diraethyI- 
eutollarejn, Ci7HigOg, m.p. 218° {see p. 95r/). 
(Schmid and Rumpel, Monatsh. 1932, 60, 8; 
Merz and Wu, Amor. Chem. Abstr. 1936, 4166.) 

Liquiritin, CgiHggOj,, m.p. 212° (mono- 
hydrate) is a flavanoiie glycoside found in 
(rlycyrrhiza glabra {Radix liquiriiiae). Hydrolysis 
gives d-glucose and liquiritigenin, 7:4'-dihydroxy- 
flavanone, m.p. 207°. The glucose is attached 
at position 4' (Shinoda and Ueda, Ber. 1934, 
67 [B], 434). 

Lotusin, CggHgiOiyN, m.p. >300°, is a 
cyanophoric glycoside isolated from Lotus 
arahicus by Dunstan and Henry (Proc. Roy. 
Soc. 1900,67,224; 1901,68,374). Its structure 
is still uncertain. Hydrolysis gives d-glucose 
(2 mol.), hydrogen cyanide and lotoflavin, 
m.p. >200°, probably 6:7:2':4'- 
tetrahydroxyflavone {see Robinson and Venka- 


jEl-rutinnside (synthesis. Zemplen and Gerccs, 
Her. 1937, 70 1 HJ, 1098). 

Luteic Acid is a synthetic glycoside formed 
hy the action ot' Rcnicilliuin Inlcum on i/ gliicoso 
(Raistrick and Rintoiil, (!hcm. Zentr. 1932, I, 
1107). Hydrolysis yields cZ-glucoso (2 mol.) ami 
malonic acid (1 mol.), {t^ee also Birkinshaw and 
Raistrick, Biochem. J. 1933, 27, 370; Vol. V, 
58a). 

Lycoperdin, Cj3H240(,N2, is au amino-sugar 
glycoside found in lycoperdon. Hydrolysis 
gives ghieosamine (2 mol.) and formic: acid 
(I mol.) ; it reduces Kchhng's solution and gives 
the biuret reaction (Kotakc and Sera, Z. physiol. 
Chem. 1913, 88, 60). 

(For the constitution of glucosamine, see 
Haworth, Lake and Peat, .) C.S. 1939, 271.) 

Malvin, CgeMg^Oj^CI (chloride), is an antho- 
cyanin present in the wild mallow, Malva 
sylveslris and in Primula viseosa. Hydrolysis 
gives glucose (2 mol.) and malvirlin chloride, 
Cj^Hij^O^CI. The latter is sometimes callecl 
syringidiii chloride, as degradation yields 
syringic arid (3:5-dimethoxygalhc acid). Mal- 
vidin chloride is the 3':5'-dime1-hyl ether of 
delphinidin chloride {v. Vol. Ill, 654fi). The 
glucose molecules are attached in positions 3 
and 5 (Kondo, Chem. Zentr. 1930, T, 3193; 
Robinson and Robinson, Nature, 1931, 128, 
413). Malvin has been syntheBised by Robinson 
ed al. (J.C.S. 1932, 2299). Malvidin {also 

pclargonidin and poonidin) do not give colour 
reactions with ferric chloride and sodium acetate 
in amyl alcohol solution. 

Mecocyanin, C27 H3,0 jgCI (chloride), is an 
anthocyanin present in the red poppy {Papaver 
rhems) (Willstatter and Weil, Annalen, 1917, 
412, 237 ; Robinson and Robinson, Nature, 
1931, 128, 413). It is cyanidin-S-gentiobioside 
(Grove, Inubuso and Robinson, J.C.S. 1934, 
1608) and yields on hydrolysis glucose (2 mol.) 
and cyanidin chloride {see Cyanin). 

Melilotin (mehlotoside), 

240-241°, [ajp +68°, is found in the flowers 
of Melilotus altissima and arvensis (Charaux, 
Bull. Soc. Chim. biol. 1925, 7, 1056). It is 
hydrolysed by emulsin (and acids) to glucose and 
o-coumaric acid. 

Metlvxyapiin is a flavone glycoside found 
with apnn {q.v.) in parsley. Hydrolysis gives 
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glucose (2 mol.) and methoxyapigemn (dios- 
metin), the 4'- methyl ether of luteolin {^tee 
Galuteolin, p. 8H) (Von Gerichten, Ber. 1900, 33, 
2334; Annalen, 1901, 318, 121). 

Methylarbutin, see Arbutin, p. 30. 

Methylcichorim, «ce Cichohun. 

Monardsein (Salvianin), CaeMgsOj-CI 
(cblorid(‘), is an antlKKiyaniri present in Monarfla 
didyrna (Karrcr and Wirlmer, lielv. Chim. Acta, 
1927, 10, 07, 729). Hydrolysis gives glucose 
(2 mol.), p-hydroxye.innamie acid, rualonie acid 
and yielargonidin chloride (ice Pclargonin, p. 93) 
It a])]Hjars lo be similar to salvianin (from Salvu 
apUndenfi) (Karrer and Widmer, ibid. 1929, 12 
2U2). 

Monotropitin (Gaultherin, MonotropitosichO 
CjoHgnOTB.H.O, ui.p. 92" (179 r>" anliydroiiN) 
(a Ip i.s loimd in various sjieeics of Gaul 

ihvna and i^prrua. It is hydrolyseil by tin 
enzyme gaiiltlierase (jirinieverase) to piime 
vero.se ((J /i xylosidoglueosc;) {v. Vol. 11, 3006) 
and methyl salicylate. Acid hydrolysis givc‘.s 
glucose, xylose and salicylic acid * 

"^jCO.^Me 
^JO — primcvcM’oso 

(rf. Salicin, T’opuliii and Viohitin). 

JMonotropitifi has been sviitlicsi.scd (Hobcitson 
and Waters, .I.(^»S. 1931, 1881). Hoth glycosidic 
linkage's are of the jS-tyyMJ. 

Monndin, rn.ji. 245", i.s an aid lira cjiiinone 
glycoside found in sju^cies of Moiinda. Hydro- 
lysis giv(‘H gliicosi*. (2 mol.) and iiioriiidone, I.*5:()- 
tnhydr<)xV'2'TnethYlaiitlira(piinoiie (iSinionsen, 
J.C'S. Hlfs, 113, 7b(i). 

Myricitrin. CgiHooOjg. 200", found in 
the leaves of the JGiufi .species and m the bark 
of various Myiica species, i.s a llavonol rhani- 
iioside. Hydrolysis gives rhaiiinosci and iiiyri- 
eetin, Cpr^HioO^, in.p. 300^ which is 5:7:3'. l':5'- 
pentahydroxy llavonol (Nicrenstoin, Her. 1928, 
61 [H], 3()1 ; Hatton and Hayaslu, Choiii. 
Zentr., 1932, I, 2043). 

Myrticolorin is identical witli rutin (p. 95) 
(A. G. Terkiri, J.l.’.N. 1910, 97, 1770). 

Myrtillin, 022 ^ 2 : 10^^201 (chloride), is an 
anthoeyanin oeeurniig in A\liortleberrieB ( Vac- 
cinium iiiyrlillus, see, Ickein). Hydrolysis yields 
galactose (I mol.) and myrtillidin eliloride, 
CigHigO^CI, the 7-methyl ether of delphinulin 
chloride {v. Vol. JIl, 554fl!) (WilLstatter and Zol- 
linger, Annalen, 1915, 408, 103; 412, 204; 
Karrcr and Widmer, Hclv. Chim. Acta, 1927, 
10 . 6 ). 

Naringin, C27H.,20i4, m.p, 17r, fa]p -84°. 
is a flavarioiie glyeoside found in the llowers and 
fruit of Citrus decumana (Will, Her. 1885, 18, 
1311). Hydrol 3 ^si 8 gives rf-glueose, /-rhamrio.sc 
and iiaringeniii, CjgHjgO., m.yj. 248°, 6:7:4'- 
trihydroxyflavanone (syntnesis ; K. W. and 
M. Rosenmuiid, Her. 1928, 61 [HJ. 2608). 
Naringin is hydrolysed by an enzyme in celery 
seed to give naririgenin and a disaeeharide (Hall, 
Chem. and Ind. 1938, 473). It is the bitter 
principle of grapefruit (see also ZollcrJ Chem. 
Zentr. 1918, 11, 635; Asabina and fnubuse, 


Her. 1928, 61 [B], 1514; Amer. Chem Abatr. 
1929, 23, 3476). 

Nervon, C 48 H 91 O 8 N, m.p. 180°, [ 0 ]^ —4-3° 
(pyridine) and hydroxynervon, C 48 HmOBN, 
occur in brain (see Klenk and Harle, Z. physiol. 
Chem. 1920, 189, 243; Chibnall, Piper and 
Williams, Hioebem. J., 1936, 30, 100). 

Nodakenin, C 2 oH 2409 ,H 20 , m.p. 216°, fajp 
I 57°, occurs in Peundanum decursivum. Hy- 
drolysis gives d-glueose and nodakonetin, 
Ci 4 Hi,i 04 , m.p. 185", [a]p -22°, which is a 
eoiiinann derivative of unknown constitution 
(Arima, (3ieni. Zentr. 1929, I, 1698; ibid. IT, 
753; iSpatli and Kainrath, Her. 1936, 69 [BJ, 
2062). 

Nucleic Acids, whieli arc found combined 
with proteins in the inuJeiis of plant and animal 
celts, have been found to contain sugars 
(especially d ribo.se). H^'drolysis yields various 
li.ssion pioducts, including juirinc or pynmidino 
glycosides (e.f/. adenosine, eytidiiie, etc.). 
'I’he.Hc are described under their own headings. 

CEnin, C23H.^r,0^2CI (ehloriile), is an antho- 
eyaiiin colouring mattiT of wine, occurring in 
rinifera. Hydrolysrs yudds glucose (1 
mol.) ami malvidin chloride, 

(Koim'times ealleil (cniclin or syringidin chloride) 
which is also obtained on J»ydii)l\sis ot malvin 
(p. 91). The gliieosc is attaehi'd to the 
liydroxyl group in position 3 ol malvidin elilorido 
(kondo, (diein, Ziml r. 1930, 1, 3193). QOiiiii has 
been synthesisc'd by Bobmson (.l.C.S. 1931, 
2701) 

Olcandrin (kolmann). A cardiac glyeoside 
(r \'()1. 11, 3866, r). 

Ononin, C 22 H 2 .jOy, m.p. 210°, is an iso- 
llavone glueosidi* hmnd m the roots of Onouui 
sjnnosfi (Heninu'lmayr, ]Monat,sli. 1902, 23, 144 ; 
1904, 25, 555). It is tlu) 4 '-methyl other of the 
gliieohide daidzin (p. S7) (TA'essi ly ct uL, ibid. 
1931, 57, 395 ; Ber. 1033, 66 [li], 685 ; Monatsh. 
1933, 63,201). 

Orobanchin oeeurs 111 Orohmiche rnpuin. 
Hydroly.sis gives (/-gluco.se, /-rhaiiim).se and 
ealfeie acid (liridel and (.diaraux, Chem. Zentr. 
1924, 11, 850). 

Oroboside, m.}) 220 [u]i, -61° (pyridine), is 
,a llavone glycoside present, in Orobuti laberosus. 
It is hydrolysed by emnlsin and is theretore a j3- 
glyeoside, ilio jiroduets being glucose and orobol, 
tetrabydroxyllavone (Bndel and Charaiix, 
Compt. rend. 1930, 190, 387). 

Osyritrin is identical with rutin (p. 95) 
(A. G. Perkin, J.C.S. 1910, 97, 1770). 

Ouabain. A cardiac glycoside (v. Vol. 11 , 
386a). 

Oxycoccicyanin, CgaHgnOnCI (chloride), is 
m anthoeyanin present in the fruit of Oxycoccus 
maeroearjius (American cranberries). Hydrolysis 
idelds glucose (1 mol.) and paDomdin chloride 
\v\de. infra). The glucose is attached to the 
hydroxyl group in position 3 (Grove and Robin- 
son, Chem. Zentr. 1932, 11, 3252 ; l^vy, 
Posternack and Robinson, .f.C.S. 1931, 2715). 

Paeonin, C^gHgaO^gCI (chloride), m.p. 165°, 
18 an anthoeyanin which occurs in the red 
pa'ony (Peeo7iia off.). Hydrolysis gives glucose 
2 mol.) and pseonidin chloride, CjBHiaOoCl, 
the 3'-methyl ether of cyanidin (in the type 
formula, hydroxyl groups in positions 3, 5, 7, 4' 
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II ICarrer and fetiong, Hclv. 
, 19, 25). 


'jss; puiiftf'atioii. 

riiiiM. 1931), 1-. - ^ (chloride), m p* 

Pelargonin, „4. •„ 

-r, m\ IS an anthocyanUi pigment present in 
il'.c s. arlct pelargonium, orange dahlia “"<1 red 
.oTulloiver. Hydrolysis gives ghico^ (2 mol.) 

niirl ]K4argoni(im chlorulo, C;j 5 n^ 05 Ci. ine 
has liydroxyl grou])B in poaitionB 3, 5, “ 


LJtrr ^ . ... , 

and 4' in the type formula ; the glucose mole- 
(■ult‘H have been shown by syntbesia to be 
attiuhed to the hydroxyls in positions 3 and 
(llobinson, Mature, 1930, 137, 94; Her. 1934, 
67 [A], 85). Pelargonin is therefore the 3:5 
(hglucosule of ])elargonidin. iVlargoiiidin is the 
aglyconc of otlicr aiitliocyaiiiiis {rjj. callistephiii). 

Periplocin is a cardiae glycoside (v. Vol. JI 

asor). 

Periplocynnarin is a cardiac glycoside (v. 
Vol. II, 380o, d). 

Petunin, CgfiMg^Oi-CI (chloride), is an 
anthocyanm occuixing m Pciuma hybiida^ m.p 
178^". Hydrolysis gives glucose (2 mol.) and 
pobunidjii cliloridc, CigHj^O^CI, the 3'-methyl 
ether of delphinidin chloride. The sugars arc 
probably atlache<l to positions 3 and 5 (Hell aric 
liobiiiHon, d.d.S. 1934, 1004). biUc (h'ljdiinidin 
potuiiidin is rajudly destroyed by shaking witl 
10% a(iueoiJH caustic soda iu the preseneo of 
air; most other anthocyanidins are stable 
These two anthoc 3 ^anidiiis arc also tlisUriguishcd 
from others of the group by remaining in tlie 
acid layer when iiartitioiied between 1% 
aqueous hydrochloric acid and a mixture of 
ryrZohexanol (1 vol.) and toluene (5 vol ) 
(Jlobinson ct al., ibid. 1930, 793; [iioeheiii. J. 
1931, 25, 1087). 

Pharbitinic Acid, CggH^^Oja, occurs in the 
seeds of Phaibitis ml, m.ji. 150-102^’, la],, — 47*^. 
Acid hydrolysis gives glucose, ihamiiose and 
ipurohe acid, 2:1 0-dihydi oxyniyristic 

acid. 


Hor^^ort 




JcO'CHjCH 

d— -gluCOflO ^ 

Pliloridzin. 

Tor synthesis, see Fischer and Nouri, Ber. 
1917, 50, 611. The position and pjranose 
structure of the sug^ar have been proved by 
methylation and hydrolysis (Muller and Robert- 
son, Chem. Zentr. 1933, II, 3288). Injected 
internally in animals, jihlondzin causes gly- 
cosuria; synthetic phJoroglucnioJ-^-glucosido is 
similar in its action. 

Phrenosin (ccrebron), m.p. 212^ la]p +8° 
(CHClg), a galictolipm occuiTing iii brain and 
iieiv'C material. 

Phyl Ian thin is a (\vanophoric glucosidc found 
in the leaves of Phyl In nth us gassOop.mi. It is the 
glu<‘osi(le of ^i-hydroxyinaii(lcjuiiitiilo (c/. 
Zicrin, p. 98). Ic is hydrolysed by enuilsin 
(Finnomore, lleichard and Large, 1937, A., 11, 
130). 

Phytostcrolin (Gloriosol), m.p. 

285-2(»0‘", is a glucosido ol l*h> tostorol, a 
mixture of sterols. It occurs in the wheat 
germ and in other sour ces (Nakainiini and Ichiba, 
Chem. Zentr. 1931, J, 3015) (r/. Sitosterolin, 
p. 906, ami Sjiimi.sterolin, p. OOc). 

Piceir, Piceoside (Salinigriu, Ameliaroside, 
iSalicinerin), C|4H,„0.7, in.x). 194", |al])^89", 
a glucosnlc in the bark ol Pirva nxalsn, and 
Sahx difif'olor. It is hydrolysed, h^ enuilsm 
and by acids, to glucose and xi-hvdroxyaceto- 
phenone, m.p. 109" (Itabate, ibid. 1!)30, 11, 240 ; 
Jovvett, J.(\S. 1932, 721). h’or synthesis, see 
Alaiithmu*, J. iir. (!hem. 1913, [n], 88, 704. 

Picrocrocin, C,„H 2 n 07 , m.p. 150", [a]„ 

— 58", Is a Icrpcno gliicoside found in the Crocus 
specie.s. Hydrolysis givc's rLghicoso and safroiial 
(dehyxlro-^S-ryflocjtral), CmHj^O, 


CH3[CH2VCH(0H)[CH2VCH(0H) 

(A.sahiria et aL, J. Fhurm. Soc. dapan, 1919, 
452, 821 ; 1922, 479, 1 ; 1925, 520, 515). 

It is interesting to nole that in the blo.ssoms 
of Pharbtti.? nil the glycosides present are 
anthoeyanins (pelargonin, jia-oniii) (Kataoka, A., 
1930, 1307). 

Phloridzin, C2 iH240jq-2H20, m.p. 109' 
(anhydrous, 171"), |a]i, —50", occurs in the bark 
and root bark of many fruit trees (apyile, pear, 
plum, cherry, and also in JiosaccfE and Ericacem 
(Bridel and Kramer, Chem. Zentr. 1932, I, 396) 
and in the leaves of Kalmia lailfolia {idem., ibid. 
1933, IT, 3289). There has been much contra- 
dictory evidence concerning tlio action of 
emulsin upon phloridzin (Moelwyn-Hughes, J. 
Gen. rhysiol. 1930, IS, 807 ; Bridel, Bull. iSoc. 
Chim. biol. 1930, 12 , 921), the low solubility in 
water making the action difficult to detect with 
certainty. Hydrolysis by acid yields glucose 
and phloretin (c/. GlyeyphyUin), m.p. 248°, a 
derivative of phlorogluoinol (critical increment 


CMe^ 

/ \ 

H,C CCHO 
HC CMe 


(Kayser, Ber. 1884, 17, 2228 ; Wintcrsiein, Hclv. 
(3iim. Acta, 1922, 5, 370; Lutz, JJioehem. Z. 
1930, 226, 97). The true nglucorie appears to 
bo hydroxy -^-ryr/ocitral, and during hydrolysis 
a molecule of water is eliminated (Kuhn and 
Winterstein, Ber. 1934, 67 [B], 344). The 
glucosidie link is probably of the j9-typo and 
accounts for the low rotation. Its relation to 
the carotenoid plant y^igments is interesting 
(r/. Vol. III. 4296). 

Populin, C2oH220g, henzoylsaliein, m.p. 180° 
[alij —53", is present in the bark of various 
aperies of poplar {see Salicin, p. 95a). Hydro- 
lysis gives glucose, benzoic acid and aaliginin (o- 
hydroxy^nzyl alcohol). Oxidation gives ben- 
zoylhelicm; the benzoyl group must therefore 
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be attached to the sugar and not to the 
— CHg OH group of aaliciii {rf. AIonotn»pitin, 
p. t)2w, and ViohiUn, p. DHu). 

I Jo — l)rTizo;)’I‘j;lu( use 

1'"^ ,CHO 

' , ' O — ) j( ' n / r ) y]gl u rose 

TIic b(*ri/oyI group ajjpcarH to he attacliod to 
Cfl on the glueo.se molecide (Iviohtmeycr and 
YeakeJ, ,1. Amer Cheni Soe. I1K14, 56, 2495). 

Poj>uJin in not li3’drolyHed by enniJsin, prcKum- 
ahly owing to tli(‘ jircHi'iice of the licnzoyl group. 
Jt liaH been leported that an enzynio from 
2*(jpuhis 7numlif('ra liydrolyses it to saliein and 
taaizoie acid (We.('verH, l*roe. K. Akad. Wetenseh. 
Aninterdani, 1909, 12, lOlt) and t.ika-diaataao to 
Bidigenin and a lienzoylglueose (Kitsato, 
'Ihoclieni. Z. 1927, 190, 109). It i.s hydrolysed 
eoinpletely l»y llie baetena in cheese. 

Populnin oeeurs in tlu* pedals of the Tudiaii 
tulip, Theftpeula jtopubica (Neelakantam and 
•Seshaelri, 19,‘iH, A., 11, :{94). 

Primulaverin and Primeverin, CgoHgf^Ojg, 
are iHoineric glyeosidi's found in tho^ roots of 
Ibtwida ujjinmdis ((ions and Maser/*, Coinpt. 
rend. 1910, 149, 947 ; Goris and Vischniae, l.c. 
1919, 169, 871). JVirnulavejiu has in.p. KiO", 
[a]j, --07", and h^drol^'sis by the tuizyine 
jiriiiievernse gives prinioverose {sea Monotro- 
jiitiii, p. 92«) and methyl 5-mctboxysnlieyIale. 
Priineveriii has ni.p. 203’, laj,^ -71-5'’ and 
gives on hydrolysis ])rinievei’Ose and inethvl 4- 
inethoxysaiieyl.ite (.loncs and Kobeitson, 

1933, 1018). ‘ 

Proscillaridin A, a cardiac glycoside (e. 
Vol. U, 387o). 

Prulaurasin, r//-niandelonitrile-/?-gliicoside, 
m.p. 123-125", [a]p —53", is isolaU'd from Frunus 
lanrocernsns (Cahlwell and Court auld, J.C.S. 
1907, 91, 071) and is also formed by partial 
hydrolysis of racemic amygdahn (t.soaiuygdalin) 
{q.v.) by the erizy iiio prunase present in yeast 
(c/. Prunasin and Sainbunigrin ; sec also Eisdier 
and Bergmarm, Ber. 1917, 50, 1047). 

Prunasin, /-mandelonilTilo-jS-glueoside, m.p. 
148®, fa]j) —27®, oeeurs in Friinus Rpeeie.s, in 
Photinia serrvUtta and ICremophila viaculala 
(Power and Moore, J.C.S. 1910, 97, 1099; 
Finnemore and Cox, Chem. Zentr. 1933, 1, 1793). 
It is also formed by jiartial hydrolysis of 
amygdalin {q.v.) by the enzyme priiiiasc, jiresent 
in yeast and in emulsin (from bitter almonds). 
{See Fischer and Bcrgmaiin, l.c.) 

Punicin, obtained from Punica granatum^ 
appears to be identical with pelargonin (p. 93flr) 
(Karrer and Widmer, Ilolv. Chim. Acta, 1927, 
10 , 67). 

Purpurea Glycoside A, is an 

amorphous cardiac glycoside obtained from the 
leaves of Digitalis purpurea. Enzymic hydroly- 
sis gives digitoxin and glucose, while acid 
hydrolysis gives glucose (1 mol.), #igitoxose 
(3 mol.) and the steroid digitoxigenin, C23H34O4, 


fn.p. 250® (Stoll and Kreis, Helv. Chim. Acta, 
1935, 18, 120; v. Vol. II, 385). 

Purpurea Glycoside B, C47H74O1B, is a 
second amorjihous cardiac glycoside obtained 
by Stoll and Kreis {l.c.) from the leaves of 
Digitalis purpurea. Enzymic hydrolysis gives 
gitoxin and glucose. Acid hydrolysis gives 
glucose (1 mol.), digitoxose (3 mol.) and the 
.steroid gitoxigenin, C23H34O3, m.p. 235° (r/. 
Purimrea Glycoside A, above). 

Quercimeritrin, CgiHgoOjg, m p- 245", is a 
flavonol glycoside obtained fiom the flowers of 
Indian cotton {Gossypium herhaceuw). Hy- 
drolysis gives glucose and quercetin {v. infra) 
(A. G. Perkin, J .C.S. 1909, 95, 21 81). The sugar 
is attached to position 7 (Attrec and Perkin, 
ibid. 1927, 234). 

iso-Quercimeritrin is a flavonol glycoside 
which accompanies qiuircimeritrin in Indian 
cotton flowers. It is the 3-j9-glucoside of quer- 
cetin (Attrec and Perkin, l.r.). 

Quercitrin, C.2iH2oO,p ni-i). 17G°, is a 
fla\onol glycoside found in oak bark {Qucrciis 
tmcloria)^ which is still used, after drying and 
grinding, as a dye for silk and wool. It occurs 
also in the horse-chestnut and in tea. Hydrolysis 
gives rhainnnse and (piercetin, Cir^HfpOiy, 
5:7:3':4'-tetrahydroxyllavono], m.p. 311° (Asa- 
hiria, Nakagame and Innbuse, Ber. 1929, 62 |BJ, 
:101(; ; J. pr. Chem. 1923, Jiij, 106, 1). Complete 
methylation of (piercitiin by diazomet hane, 
tollowed by hydrolvsis of th(‘- sugar group, gi\es 
5:7:3'; 4'-te'tra met hylflavonol ; the sugar is there- 
fore atliK hed 111 position 3 (Attree anil Perkin, 
U.). 

Quillaia-Saponin, Ca^H^^Oio, m.p. 207", 
found in QuiUaia sajionnnn, is of the hederin tyiie 
(p. 89rf) (Ruzicka elal., Ilelv. (.-him. Acta, 1932, 
15, 431). Hydrolysis yadds glucuronic acid and 
quillaia sajiogciiin, C29H4g03, m.p. 294° 
(WindaiiH, (Iicm. Zcritr. J92(j, J, 1815; Z. 
ph\Hiol. Chem. 1920, 160, 301). 

Rhamnazin, is a flavanol gly- 

coside occurring with xanthorhaiiinin (]). 98a) 
111 berries of the lihamnus type. Hydiolysis 
givi'.s ghieoHO and rhamnazetin, 7:3'- 

dimethvlqiiereetin, m.p. 215° (.sec Quercitrin) 
(Perkin and IMartin, Chem. Zeiiti. 1897, II, 313; 
Perkin and Allison, ibid. 1900, 11, 1243). 

Rhamnicoside oeeurs in lihamnus cathartica. 
It is a ])rimev(TOHidc (.fee Primula verin) of 
pent ally droxy-2-methylantlira quiiione (Bridel 
and Ciiaraux, Compt. rend. 1925, 180, 1047, 
1219; Ann. Chim. 1925, [xj, 4, 79). 

Robinin (robiuosidc), C33H4 qOib, m.p. 197°, 
is a flavonol glycoside from the (low’ers of 
Jiobinia pseud -acacia f in which aeaeiin {q.v.) also 
occurs, and in Vinca minor. Hydrolysis yields 
galactose (1 mol.), rhamnoso (2 mol.) and 
kaimpferol (p. 90d). The sugars are present 
as a trisaeeharide, robiiioso (Charaux, Bull. Soc. 
Chim. biol. 1926, 8 , 915; Chem. Zentr. 1932, I, 
1908). Hydrolysis of robinin by enzymes gives 
ka'mpfcrol and robinose. Other workers have 
isolated kaempfcrol /-rhamnoside and a disac- 
charide, robinobiose, which is /-rhamnosido-i/- 
galaetose (Zempl6n and Gcrecs, Ber. 1935, 68, 
[B], 2054). 

Ruberythric Acid, CasHgeOig, m.p. 258- 
260°, the anthraquinone glycoside, is 2-j8-prime- 
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veroflido-alizarin (Jones and Robertson, J.C.S. i 
1933, 1107; Richter, ibid. 1936, 1701). It' 
occurs in Rvthia tineiorum.. 

Rutin (Sophorin, Os3rritrin, Viola- quercitrin) 
is a flavonol glycoside found in Euta graveolens 
and other plants ; on hydrolysis it yields glucose, 
rharanose and quercetin (p. 94c). The sugars 
are combined in the form of a biose, rutinose 
(obtained by enzymic hydrolysis), attached to 
the 3-hydroxyl group in quercetin. Rutinose 
is /S-2-rhamnoaido-6-rf-gIucoae (Zcmplen and 
Gerecs, Ber. 1935, 68 [Bl. 1318). {See also 
Attrcc and Perkin, J.C.S. 1927, 234.) 

Sakuranin, C22H24O10. m.p. 212“, [ali> 
“106°, is a flavanone glycoside found in the 
bark of the Japanese cherry {Prunus yedirnsis). 
Its constitution is not yet known ; the aglycone 
is sakiiranelin, 7-methylnaringenin (p. 926) 
(Shinoda and Sato, Aukt. Chem. Abstr. 1928, 
22.2947; 1929,23,2956). 

Salicin, CpH^„07, m.p. 20 T, [a]^ -62-5°, 
is found in willow bark {Sallx helix) and other 
species of sabx. nydrol3\sis yields glucose and 
saligenin, o-hydroxybenzyl alcohol, m.p. 86° ; 
salicin is o-hydroxybenzyl-jS-glucosidc (Piria, 
Ann. Chiin. Pharm. 1845, 66, 35). Its bonzojd 
derivative, poiiulin, occurs naturally (r/. also 
Monotroiutin and V'iohitin). It is hydrolysed 
by emulsin and also by a specific enzyme, 
salicase, found in llie leaves and twigs of willows 


O — ^glucose 


Saponarin, m.p. 236°, is a 

flavonol glycoside occurring in the soap plant 
'Sap^aria off.). Hj'drolysis gives glucose and 
Jitexin, m.p. 260°, 6:7:4'-trihydroxy 

2;3:6;7-tetrahydroflavonol (Barger, Ber. 1902, 
36, 1296 ; J.C.S. 1906, 89, 1210). 

Sarmentocymarin. A caidiac glycoside {v. 
V^ol. 11, 3866). (aS’cc al'io T.s('heschc and Bohle, 
Ber. 1936, 69 fB], 2197.) 

Sarsaponin (Parillin) is a saponin isolated 
rom the Mexican sarsaparilla root. Radix 
sarsaparillfs (Jacobs and JSimpson, J. Biol. 
Chem. 1934, 106, 501). The jirobable molecular 
formula of sarsaponin is Hy- 

drolysis gives glucose (2 mol.), iluinmose (1 
mol.) and a sterol, Sarsapogenin (parigeiuii), 
C27 m.p. 199°. Tbo last apjicars to 

liil’er from tigogenm Tigonin) only in 

the cis-trans relationship of the ring systeinh, 
but the structure is not yet ihJiiiitely })roved 
{see Simpson and Jacobs, J. Biol. (’lu^m. 1935, 
109, 573 ; 1935, 110, 565 ; Askew, Farmer ami 
Kon, J.(-.S. 1936, 1399; Parmer and Koii, 
ibid. 1937, 414). 

Scillaren A and B. (Wdiac glyi'osidcs (?■. 
Vol. II, 387tt). 

Scopolin, C22H2HO14. m p. 218°, occurs, with 
methyl cicbornn, 111 Scopolia japnmea. Hy- 
drolysis gives glucose (1 mol.) and Scopolelin 6- 
mcthoxy-7-hydrox3'-couniaiiii (Seka and Kalhr, 
Ber. 1931, 64, 909 ; Head and Robertson, Chem. 
Zentr. 1931, TT, 851). TIk'. glucose is attached 
to position 7 (iMerz, 1933. A , 72). 


(Sigmund, Monatsh. 1909, 30, 77). Salicin lias 
long been used inedieinally for fever and for 
rheuinatisin. The enzymic fission of salicin 
in heavy water has been studied by Steaeio 
(Z. physikal. Chem. 1935, B, 28, 236). The rate 
of hydrolysis by acid has been measured by 
Moelwyn- Hughes (Trans. Paradaj’ Soc. 1929, 
26, 503). 

Salicinerin, see Piccin (p.93r/). 

Salinigrin. sec Picein (p. 93d). 

Salireposide, CooHj-^Og, m.p. anhyd. 206’, 
[a]jj — 36'78°, occurs in salix sjiecies. Hydrc 
lysis gives d-glucosc, benzoic acid and salirepol, 
C^HgOg, probably 2 : 5-dihydroxy benzyl alcohol 
(Wattiez, Bull. Soc. Chiin. luol. 1931, 13, 658; 
rf. Rabatc, tbid., 1935, 17, 314). 

Salvianin, sec Monardiuin. 

Sambucin is an antbocyanin occurring in 
elderberries {Sainbucus nigra) and is apparently 
identical with chrysanthemin {q.v.) (Nolan and 
Casey, Amor. Chem. Abstr. 1932, 26, 497). 

Sambunigrin, i-mandclonitrilo - p - glucoside, 
occurs in the leaves of Sambucus nigra (commor 
elder) and Acacia glaucesens (Bourquelot and 
Danjou, Compt. rend. 1905, 141, 598 ; Fmne- 
more and Cox, Chem. Zentr. 1930, I, 1806) 
The related compound, ?-mandelonitrilc-j3- 
gentiobioaide {cf. Amygdalin), has not been 
found in nature {cf. Prunasin and Prulaurasin) 
{See Fischer and Bergmann, Ber. 1917, 60, 1047. 

Sapindus-Saponin is found in Sapindus 
muJeorossi, etc. (Winterstein and Meyer, Chem. 
Zentr. 1931, II, 1582; Kitsato and Sone, ibid.. 
1932, II, 1787). It is gf the hederin type {q.v.). 


iSc'opoli'tiji. 

Scutellarin, C2jHj^jO|2i m p- above 310“, 
is a ffavone glycoside occurring in tlii' leaves ol 
Scutellaria baicalensis and in tbo flowers ot 
Scutellaria aUissirna. Hydrolysis gives glu- 
enronic acid ami Seutellarein, 4'-bydroxybaica- 
Iciii. This is of interest 111 that baicalein occurs 
in the roots of SeiitcUaiia baicaleu.His, joined to 
glucuronic acid (.sec Baicalin) (Robinson and 
JSchwarzcnbacli, J.C.H. 1930, 822). Scutellarin 
IS hydrolysed by baicalin aso (Miwa, Amor. 
Chem. Abkr. 1932, 26, 4349). 

Serotrin, CgiHgoOj-^jSHgO, has been de- 
scribed by Power and Moore (J.C.S. 1910, 97, 
1099) as a flavonol glycoside present in Piuvva 
serotina (wild black cherry). Hydrolysis yields 
glucose and quercetin. 

Sinalbin, m.p. 84° 

(anhyd. 140°), [ajp —8°, is a inustard-oil gluco- 
side occuiring in white mustard seed {Stnapis 
alba ; cf. Sinigrin from Sinapis mgra). Hydro- 
13'^sis by the enzyme myrosinase gives rZ-glucose, 
sinalbin mustard-oil (71-hydroxy licnzyl iso- 
thiocyanate) and siiiapin hydrogen sulphate. 
Sinapm is an ester of choline and isnapic acid. 


HO^ '^--CHiCHCOOCHjCHj'NMejOH 
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(Gttdainor, Tier. 1897, 30, 2327). Sirialhiii and 
einigrin appear to bo jS-glueoHides (Schneider, 
Eiseher and Spc'clit, Tier. J930, 63 fii], 2787). 

Sinignn, T’- 

(anhyd. 132'’), jal,, —18", ih “a inustaul-oil 
glucohide louiul in black Tmistaid seed {Hinupis 
nigra) and in ('ochlcaua amioraria. Jt is 
hydrolysed by baryta or Ity an accompanying 
cjiizyinc', inyroHinaHO (and bv im other known 
(‘n/.yrne) to c/-glucose, aJlyl escvtliiocyanate and 
j)otasHinin liydrogen Hidpludf^ (lleiissey and 
Jioivjn, Jbdl, Soc. Chem. biol, 1927, 9, 947). 


CHj.:CH CH, N:C 


-.'S — gllK OHO 

-O SO3K 


CH2 CH CHjj NCS ( KHSO 1 gluecjso 


Eh(‘ sulphuT af)i>ears to have r(*])laeed the oxygen 
111 till' gJiicoHidicj hydroxyl grou)j, as ilnoglncosc 
is obtairic'd by treaLinent with pohiSHiutn 
niethoxide (Schneider and CUibbeii, lier. 1014,47, 
2218, 2225). Tlic glucoHidic linkage jh jirobabl}' 
of tlio /3-type {sec Scdincadcr ct al.^ NatiirwiSH. 
lO.'h), 18, 133 ; Her. 1930, 63 [ lij, 2787). Most 
innstard oils cause' Icical intlainination of thc^ skin 
and irritation of the mucous membiane. In- 
ternally, the elleet is to stimulate the secrelions 
and m larger doses to cAcite and linally jiaraJysc 
the ci'utifil nervous system. 

Sitosterolin (limranol), m.p 

300-3()r/' iomul ill various jilant sources, 
notably in olive bark, in Iponxia purpurea, etc. 
It is a glucoside of sitosterol, an ill-dclined 111 iv- 
tiiro of slei’ols (.sYr Anderson and »Slirim‘r, d. 
Amer. Cbcrn. Soe. 1920, 48, 207(5, 2087). (C/. 
also Phytosterolin and iSpinasleroliu ; sec 
also liern.steiii and Wallis, ,1. Org. Cliem. 1037, 
2, 341). 

Skimmin, C,BH|gO^,H20, m.]». 21(P, is a 
coumarin glyoosido Irom Skiauma japonica. 
Hydrolysis yields d-gliieoso and /SLivivutni 
(umbellderoiuO, Cf,HgOj, 7-liydroxy-rouTnarin, 
in j). 224® (Kijkmaii, Jiec. tiav. ehiin. 1881, 3, 
204). 


glucose- 

Skiriimln. 

T^rnbcdliferono oceiirs widedy in speeic.s of the 
Umhelliferfv. 

Solanine is the name given to a group of 
glyeosides deiived from ])lantH of tlie Solauiuu 
genus. O’hc}^ are interesting in that they eon- 
tain nitrogen and form a link between the 
alkaloids and the sapoiiins. The bi*Ht charaeter- 
ised is 8 (jlanino-f, from the sprouts 

of Solarium tuberosum (potato) ; t^ic aglyeoiie 
solanidine is also present (Oddo and Caronna, 
Bcr. 1034, 67 [11], 446). ID^lrolysis gives 
glucose (1 mol.), galactose (1 inoL), rhamnosc 
(1 mol.) and solanidine, C 27 H 43 ON. The last 
appears to have r structure differing in the side 
chain from cholesterol. Provisiopfl,! formula? 
have been suggested (Soltys and Wa4enfels, ibid. 



1936, 69 [B], 811; Clemo, Morgan and Kaper, 
J.C.S. 19.36, 1290). 

Solanocapsine occurs in the leaves of 
Solanum pseudompsicum (Barger and Fraeiikel- 
Oiurat, J.C.S. 1936, 1537). It is of the solanine 
Lypti {g.v.). 

Sophorm has been shown to be identical 
with rutin (p. 95a) (Mculen, Kcc. trav. chirn. 
1923, 42, 380). 

tt-Sorinin, m.p. 159®, is found in 

the bark of Itharnnus japonica (Nik uni, 1938, A., 
11, 173). Hydrolysis yields primeverose (see 
Primulaverin) and a-sorjgcnin, CjgHjQOg, m.p. 
227-229®. 

Spinasterolin, C 34 H ,: 5 „Og, m.j). 280®, is a 
glueosido of spinastcrol, a sterol of unknow'ii 
structure (Hcyl aud Larson, (Uicm. Zentr. 1934, 
11, 447; Simp.son, J.C.S. 1937, 730). 

/-Strophanthin-/3. A cardiac glycoside {v. 
Vol. [I, 3H5?A. 

Syringaic-Acid Glucoside, CjrjH^oOio, m.p. 
225 ', — IH®, occurs in liobirna pseud-acacia. 

Svringaic acid is 3:5-dimcthylgallie acid (.sre 
S\imgin) (Fischer and Borgmann, Ber. 1018, 51, 
1804). 

Syringin, HoO, m.p. 101-192®, 

[all, - J7®, JK lound in the baik of Sy) inga 
vulgaris^ Ligusfruni riihjarc aud in jasmin. 
lIydroly.siH by cmnlsin gives glucose and 
Nviingenii), nu'tliovy conifcrin (r. Vol. HI, 

324).' 

Q -- gill COHO 

MeO| ' .OMe 

\ / 

CH.CH CH^-OH 

Syiiiipin. 

Oxidalmn gives syringaic aiud [sec above), 
Syringin has Ikh'ii syntlicsised (Panl^ and Strass- 
berger, Her. J02ji, 62 [Hj, 2277). The acid 
coricsjiondiiig to Hyringcnin occurs in sinalbin 
(e. supra). 

Tagetes patula (African marigold) contains 
a glucoside whicJi on hydrolysis yiehJs glucose 
and rpiereetagctin (5:6:8:3':4'-pcntahydroxyfIa- 
vanol (r/*. gossyjictin from gossypitrin, Vol. HI, 
406e) (A. C. IVrkin, J.C.S. 1913, 103, 200). 

Tannin, Chinese, is obtaincfl from Rhus 
semialata. It is probably not homogeneous. 
Hydrolysis gives gallic, acid (O-IO mol.) and 
r/-glucosc (1 mol.). No cUagic acid has been 
found {cf. O’annin, Turkish). 

Tannin, Turkish, |a]j) c. -|-5°, gives on 
hydrolysis gallic acid (5 mol.) and (/-glucose 
(I mol.). It is jirobably not homogeneous. 
A small amount of ellagio acid is also obtained 
on hydrolysis {see Fischer and Freudenberg, 
Bcr. 1014, 47, 2485 ; Karrcr, Widmer and Staiib, 
Annalen, J022, 433, 288). Ellagic acid also 
occurs, joined to (/-glucose, in Knoiipern-tannin. 

Tectoridin (Shekanin), C 22 H 220 n. 

258®, [a]p —29®, is an /. 9 c>flavono glucoside found 
in the ihizomes of Iris tectorum and Betamcanda 
chinensis. Hydrolysis gives (/-glucose and tectori- 
genin, C|gH^ 20 e' 227®, 5:7:4'-trihydroxy- 

6 -methoxyu’oflavone (c/. Iridiii) (Asahina, Shi- 
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bata and Ogawa, J. Pharm. Soc. Japan, 1928, 
48, 1087 ; Maniiich and Schumann, A. 1937, II, 
276. 

Tetrarin, m.p. 203". occurs in 

Chinese rhubarb (v. ^-Gliicosido-Gallic Acid) 
Hydrolysis Rives d-glucose, cinnamic acid, gallic- 
acid and rheosmm, ni.p. 79-5“, of 

unknown constitution (Gdson, Chem. Zontr. 
1903, I, 722). 

Thevetin, is a cardiac glycoside 

found in the seeds of Thevilia neriifolia (“ be- 
still nuts ”). Hydrolysis appears to give 
glucose (2 mol.) and digitaloso (1 mol.), and a 
sterol, thevetigenin, C23H34O4, known only as 
the anhydro-compound, ra.p. 218-220" {see 
Tschesche, J3cr. 1930, 69 [B], 2368). 

Thymidine is a pyrimidine nucleoside, ob- 
tained by hydrolysis of nucleic acids. It is 3- 
thymino deox3’^-c2-ribofuranoside (thymine is 
2:4-d]hydroxy-5-meth3dpyrimidine). Other do- 
oxyribosc nucleosides are known (.vte Deoxyade- 
nosinc) (Levenc and Tipson, Science, 1933, 
81,98). 

Tigonin is one of the several saponins which 
occur Mitli cardiac glycosides in the leaves of 
Digitalis jmrpurea. 3’lio agl^ycone was isolated 
from this source by Jacobs and Fleck (J. Bjol. 
Chem. 1930, 88, 543). The separation of the 
glycoside itself from the saponins with which 
it occurs (digitoniu, gitonin, etc.) is ver^" 
ditlicult ; it is therefore fortunate that the only 
saponin in the h-aves oi D. lanata la tigonm, and 
purification is efl'ectcd by means of its cholesterol 
addition product (Tacheachc, Ber. 1936, 69 [BJ, 
1663). Tigonin has probably the molecular 
formula CggHogOg?, m.p. 260". Hydrolysis 
yields glucose (2 mol.), galactose (2 mol ), 
xylose (i mol.) and a sterol, tigogenin, C27H44O3, 
m.p. 204°, The last compound has been 
assigned a structure closely similar to that of 
digitonin (j). 87), but having no hydroxyl groujis 
in positions 2 and 6 (.sfc Tsohoschc, l.c.). It may 
be noted that one hydroxyl group (on Cj) only 
is present and the position of attachment of the 
sugar residues is therefore established. 

Toringin HgoO^, is a flavoiie glycoside, 
m .p. 240°, isolated from Pyras tori ngo. H^alrolysi, 
givt\s glueosc (1 mol.) and chrysni, CjrHjq04, 
3:7-dih3^droxyflavone, m.p. 273°, which occurs 
in the buds of several varieties of pojilar 
(Piccard, Ber. 1873, 6, 884; Eniilewicz, Kosta- 
necki and Tanibor, ibid. 1899, 32, 2448; Kosta- 
necki and Lampc, ibid. 1904, 37, 3167). 

Typha-Glucoside, C22H220i2» ^ Havonol 

glucoside found in Typlia avgvstata and in the 
Indian dye Asbarg {g.v.). Hydrolysis gives 
glucose and Morhamnetin, C16H12O7, 3'-methyl- 
quercetin, m.p. 307° (Fukjida, Chem. Zentr. 
1928, I, 2100). 

Urechitin, Urechitoxin. Crystalline cardiac 
glycosides (e. Vol. II, 387c). 

Uridine is a pyrimidine glycoside (r/. 
Cytidine) formed by hydrolj'sis of yeast -nucleic 
acid. It is 3*uracil-d-nbofuranosidc. In the 
nucleic acid, phosphoric acid is estcrifiod in 
position 3 of the sugar. Pyrimidine glycosides 
are in general much more resistant to hydrolysis 
than purine glycosides {e.g. adenosine) and it is 
frequently necessary to hydrogenate before 
hydrolysis to obtain the sugar unchanged 
Vol. VI.— 7 


(Leveno and Tipson, J. Biol. Chem. 1934, 104, 
385; 105,419). 

NH— CO 

/ \ 

CO CH 

\ 

d-ribosc N C H 

Uridine. 

Uzarin. A cardiac glycoside {v. V\il. II, 
386d). 

Vaccinin, Ci3Hie07, [a]pH-48°, is obtained 
as a ajTup from whortleberries ( Vac-ciniiim vitis- 
idira). It 18 probably 6-benzoylgluco8e (Brigl 
and Zerrweek, Z. physiol. Chem. 1934, 229, 
117); the heiizoyl group is not in position 1, 
as vaccinin is reducing and forms a phenyl- 
hydrazone, hut no osazone. Thus vaccinin is 
strictly not a gliu-ositle, but an ester of glucose. 

Verbenaloside(verbenalin), C17H24O10. ni.p. 
180°, |a]j, — 181°, was first isolated from the 
flowers of Verbena, off. (Bourdicr, A. 1908, i, 
197). Hydrolysis by emulsin or by dilute acid 
yields glucose and verbcmilol, C,,Hj 40 b, m.p. 
140 3°, fa]j) -29°, the structure of wnich is not 
yet known {sea Cheymol, Bull. 800. chim. 1938, 
[v], 5, 633). 

Vicianin, Ci»H 250,„N, m.p. 147-148°, Wb 
— 21°, IS a eyariophorie glycoside found in the 
se(‘ds of wild vetch {Vida angustifoha). It is 
accompanied by an enzyme, vicianase, by which 
it IS hydrolyscfl to vicianoso (a disaceharide), 
benzaUhdi^rde and hydrogen cyanide. Vicianoso 
is h^^drolysod by acids and by emiiJsin to d- 
gliiooso and /-arabinosc, and has been shown to 
be 6-(j3-/-aral)inosido)-d-glucoso (Helferieh and 
Brederick, Annalen, 1928, 465, 166). Vicianin 
is therefore analogous to amygdalin (g d.), one 
molecule of d-gliicoso being replaced by I- 
arabiiiose. 


■ o 1 I o 1 

OH H OH OH H H 

pIiiiI 

l)0-C C C-C -C- CH,-0--C - C-C-C— CH, 
I ■ ' I I I'll 

H H OHH H H H OH OH 


Vieianose oeeura also in the gl^Tiosidea Violuto- 
aidc and Gcin {(J.q.v.). 

Vicine, CjoHj„N407, is 2:3-diamino-4:6- 
dioxypy'rimidmo glucoside, isolated from vetch 
seeds (together with eonvieme, p. 86d) by 
Kitthausen (J. pr. Chem. 1870, [lij, 2, 333). 
The structure below has been assigned by 

NCO 

\ 

H.N C CH-NHg 

\ / 

d-glucose N • C O 


Levenc (J. Biol. Chem. 1914, 18, 305. Sat also 
ibid. 1916, 25, 607 ; H(5ri88ey and Cheymol, 
Compt. rend. 1930, 191, 387 ; Bull. Soc. Chim. 
biol. 1931, .53, 29 ; Fisher and Johnson, J. Amor, 
Chem. Soc. 1932, 54, 2038). 
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of purines (fichevin and Brunei, Conipt. rend. 
1937, 206, 294; Moiirot, ihid. 1938, 207, 407); 
as ail iiitcrmodiate jirodut t in the deamination 
of glynine (H. HaTr(‘nHrh(*en and Daiizer, Z. 
physiol. Chem. 1933, 220, 57 ; Ahdcrhalden and 
Bacrtich, Ferment forscli 1937, 15, 342); by 
the activation of oxaln^ acid (Schroer, Ber. 1930, 

69 ("B], 2037; Weber and lleick, Ber. 1937, 

70 [B], 407); and by the; action of moulds on 
(AcO)2Ca and AcONa (lk*rnhauer and 
Scheuer, Biochern. Z. 1932, 253, 11). 

GJyoxvli(‘ acid may be prepnrpd by heating 
1 part dibromoacctic acitl with 8-10 parts water 
for 24 liours at 140“ (Grimaiix, Comi>t. rend. 
187(1, 73, 03; (Varner, Her. 1892, 25, 714). For 
preparation of the anhydrous acid, see Talvitie, 
Amer. (Viem. Abstr. 1930, 30, 434. 

The acid is luanufarlured from sodium chloro- 
acetate (Mugdaii and Wimmer, (t.1*. 0724S1). 

Physical Properties — Glyoxylie acid is a viscid 
syriij) with a suflocating smell; it erystalliHes by 
long standing above H2SO4 forming rhombic 
jirisms of comjiosition 

C2H4O4 or (HOlgHC COOH 

(Pmkin, Ber. 1875, 8, 18H; Debus, .1 (^S. 1901, 
86, 1390; Bottiiiger, Arch. Pharin. 1891, 232, 
08), extremely hygrosco]»ic ami easily soluble 
in w'ater (Debus, Aiinaleii, 1850, iOO, 11). 
Kiel trolytic dissociation const, /rgr, — 0 474x 10 ^ 
(Ostw^ald, Z. jiliysikal. (3iem. 1889, 3, 188). 
For (|uantitativo electrolytic oxidation of 
glyoxylie acid, see A. lalvitic, Ann. Acad. 8ci 
Fennicir, 1930, A, 45, No. 0. 32. 

Chemical Properties . — Deconijioscs on boating 
above its melting-point first into glyeolhe acid, 
oxalic acid and water vapour (Debus, J.C.S. 
1904, 85, 1391). It is a tautomeric substance; 
it exhibits aldehj’die properties in condensing 
with hydroxylamirie, jdienylhydrazine, and 
semicarbazido (Fibers, Annalen, 1885, 227, 
353; I'’iseher, Ber. 1881, 17, 570; Hinion and 
(>havanne, Conijit. rend. 1900, 143, 904), but 
most of its salts are of the type 

(H0)2CHC00M, 


urea to form allantoin and with guanidine 
to form in the cold glyoxylie guanidido and on 
warming to 1(K)“ iminoallantoin (Doebner and 
Gartner, ibid. 1901, 315, 1; 1901, 317, 157; 
Simon and Chavanne, Compt. reml. 1900. 143, 
51; Kacss and Gnis/kicwicz, Ber. 1902, 35, 
3004). For other eoiidensation products, see 
Bdttinger, Arch. Pharm. 1894, 232, 549, 704; 
1895, 233, 100, 199; Bougault, (^)rapt. rend. 
1909, 148, 1270; Gnesheim, Frdl. 11, 047; 
Woehster, Frdl. X, 588. 

Detection ,. — Glyoxylie acid may be identified 
even in dilute solution by precipitation of di- 
xanthylbydrazone-glyoxylic acid, 

[0(C„H4).,CHl2N N:CH C02H,H20, 

wdth xanthydrol and hydrazine hydrate in 
aectieaeid (Fosse and Ilieullc, ('ompt. rend. 1925, 
181, 280). The acid also yields an intense 
magenta red colour witli Schryver’s reagent 
(Fosse and Ilieullc, ibid. 1924, 179, 030). For 
descriptions of the substituted fiheny Ihydrazones, 
see (Viattaway and Bennett, J.C.iS. 1927, 2850; 
(Jhattaway and Dalbv, ibid. 1928, 2750. Gly- 
oxylie acid may be titiated with alkali, or witli 
permangamiUi in the presence ol H2SO4 
(Hatcher and Holden, Trans. Hoy. Soe. Canada. 
1925, [iii|, 19, HI, 11). For colour reaction 
wdtb indole derivatives, sec Graiistrom, Beitr. 
Cbein. Pliysiol. Pnth. 1908,11, 132). 

M icrothemiral 7^(7cr/mn.— Behrens (C3iem.- 
Ztg. 1902, 26, 1128). 

GLYPHENARSINE (v. Vol. I, 4Hlb). 

“ CLYPTALS ” (i>. Vol. 11, 4727). 

GM ELI NOL, The white deposit 

in the eells of (Jmelina leichhardtii (Colonial 
Beech). (Jmeliiiol contains two met/hoxyl groups 
jireseiit as in veratne acid, and yields a rnono- 
aeetyl derivative (Smith, J. Boy. Sci. N.S. 
Wales, 1913, 46, 187). It melts at 122° and on 
eoolirig solidifies to a tmiispareiit resin-like solid 
wdiith melts at 02-03“, but when powdered has 
mollirig-}»oint 120 121“. 

GNOSCOPINE, (//-narcotiiie, 

CHa 


whilst dialkyl ethers of the tyjie 

(R0)2CH COOH 

have been prepared. It is oxidised to oxalic 
acid by HNO3 (Adler, Areh. exp. Path. Pliann. 
1907, 56, 210); by aqueous bromine solution 
(Debus, Annalen, 1803, 126, 152); by silver 
oxide (Debus, ibid. 1850, 100, 0) ; and, together 
with gly collie acid, by KOH (Bottinger, Ber. 
j 880 18, 1932). KMnO^ oxidises glyoxylie 
acid in alkaline solution to oxalic acid and 



COj (Evans and Adkins, J. Amer. Ohem. 
Soc. 1919, 41, 1407). Oxidised by HgOg in 
alkaline solution to CO 2 and H-COOH 
(Heimrod and Levene, Biochern. Z. 1910, 29, 
46). Reduction with zinc in aqueous solution 
yields glycollic acid ; in acetic solution, tartaric 
acid (Genvreaso, Compt. rend. 1892, 114, 555). 
In the presence of AgO.HjS yields thioglycolli' 
acid with other products (Bottinger, Annalen, 
1879, 198, 213). With HCN it forms a cyan- 
hydrin which, on hydrolysis, yields tartronic 
acid; NaHSOs yields a crystalli|le compound 
(Debus, ibid. 1856, 100, 5). It condenses with 


occurs in opium and is formed by racemising 
nareotine. It forms colourless needles, m.p. 
229°; picrate, m.p. 188-189“; methiodide di- 
hydraitf pri.sms, m.p. 210-212“. For synthesis 
and resolution, see Perkin and Robinson, J.C.S. 
1911, 99, 775. 

GOA POWDER (e. Vol. 1. 4575). 

GOETH ITE (named after the poet Goethe). 
Hydrated ferric oxide, 

FeaOg HjO or FeO(OH), 

crystallised in the orthorhombic system and 
isomorphous with the con'esponding aluminium 
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and manganese minerals diasporc and manganite. 
It is included with llmonite under the term 
“ brown iron-ore,'' and when fibrous and massive 
the two are not readily distinguished, especially 
ns they have the same colour and streak. 
Gocthite. however, contains more iron (FeoOj 
S!) 0, Fe 62-9%) and less water (101%) than 
Innonite ( 2 Fe 203 - 3 H 20 ). Although limonite 
is sfmictimea fibrous and cryatalline, it is never 
found as distinct crystals ; crystals of goc- 
tJiitc, however, are not uncommon. They are 
])risinatic, acirular, platy or scaly in habit, 
and have a perfect cleavage in one direction 
(parallel tc» the brachy-pinacoid). Remform 
and stalactitic masses w'lth a radiating fibrous 
.si met lire also occur. Kp.gr. 4 0-4-4, of crystals 
4117; hardness 5 r>J. The colour is yellowdsh- 
brow'ii to hrowmish- black, with usually a brilliant 
liisirc on crystal -face.s. Thin crystals and 
splint ('rs arc blood-rcd by transmitted light, 
'fhe colour of the streak or powder is ycllowish- 
brown. Analyses often show' the presence of 
, small amounts of manganese oxide and silica. 
iSeviTal varieties are (listmgiiished. The acicular 
lornis, usually with a radial grouping, aic 
known as vrrdle iron-ore. The needle.s may bo 
MTV line and clo.sidy jiackcd togi'ther, giving the 
appearance of plush, as in fionimctblenHe or 
sanimeterz (velvet-ore) also known as przihra- 
from Przibram in Jhihemia. Onegife is 
acicular gocthite embedded in amethyst from 
Lake On(*ga, Russia This material is cut as a 
gemstone under the name “(hipid’a darts” 
(llcchcs (ramour). As an enclosure in other gem- 
mincrals gocthite is found m aviTiturine (q.i}.) 
and suiistonc. Mesahife is an ochreous variety 
almndant among.st the iron ores of the IVlesabi 
Range in Ihe Lake Kiiperior district of JVlinnesota. 
The niodi's of occurrence of gocthite are the 
same as lor limonite, and it is present in many 
lirnonitic iron ores, h^ine groups of crystals 
w(‘ro foriTieily obtained in abiindamo in the 
Restormel iron mines at Lanhvery and in the 
ilotallack mine at St. Just in Cornwall. Larger, 
but less perfi'ct, crystals arc known from the 
i’lkc’s Peak district in Colorado. 

Scaly forms of F eO (OH) iiicludo lepidocroeite 
and p^rihoHiderite (or rubinglimmer), which 
until recently were regarded as varieties of 
gocthite. These are also orthorhombic, but 
th(‘y differ from the acicular gocthite in their 
optical properties and in their crystal strui'tiire 
as determined by JT-rays ; and they arc now 
ineludeil under the distinct species lepidocroeite, 
which IS dimorphous with gocthite and iso- 
morphous wTh boehmite {q.v.). Diaspore, iso- 
mor}ihous with goethite, is a fourth member of 
this isodimorphous series. The dimensions of 
the unit cells are : 


FeO(OH) 

AIO(OH) 

fa 4-54 a 

fa 

4 40a 

Goethite Zi 1()-0a 

Diaspore < b 

9-39a 

[c 303.1 

U 

2*84a 

fa 3-87 a 

ftt 

3-78a 

Lepidocrocito< 12-51 a 

Bochmitc ■< b 11 -Sa 

[c 30()A 

1 

2-85a 


L. J. S. 
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GOLD. Au (Auruin). At. w t. 197-2, at. no. 
79. 

Iliatoriml . — Gold cannot have escaped Ihe 
observation of the men of the Stone Age, but it 
could have been of little use to them until they 
had discovered the art of molting. Tlint daggers 
with gilt handles have been found in Egypt, and 
gold was well known in that country about 
3,600 B.C., wdieii its value in relation to silver 
was fixed by law'. It was first used for coinage 
in Lydia, about 700 b.c., in the form of clectnim, 
a native alloy of gold and silver. 

The earliest method of obtaining gold, other 
than that of eulleeting it by hand, was by 
gravity eoneentration. The auriferous sand 
was stirred in a sh allow' stream of water running 
over sloping roeks, the heavy grains of gold 
settling to the bottom. Kheeji-skiiis were spread 
out for entangling the particles of metal and 
helping m its eolJcction. Over 2,000 years ago, 
the methods of ore-erushing by stone hammers 
and also by means of grinding mills w ere adopted 
ill Egypt to release gold contained in solid rnek. 
I’he jiow'dered ore w'as w ashed on sloping tables 
(Gowland, J. Roy. Anth. Inst. 1912, 42, 2.'‘)6). 
The use of sieves to separate the insullieiently 
erusht'd pieee.s of rock is also attiibuted to the 
Egyptians. Stamp batteries for eriishing ore 
w'ore established at Joaehimsthal m 1519, and 
sieves set at the outlet of the mortars were 
deseribcil by Agrieola in 15, 'll). 

The use of mi-reury for 8e})arnting gold from 
other matenaks, by amalgamation, w as described 
by J’liny, and referred to by Tlicophilus in the 
eleventh century in his description of the ex- 
traction of gold from the sands of the Rhine. 
The method used in the Tyrol of stirring crushed 
ore with large (pi anti ties of mercury in eireiilar 
bow'Ls IS very old, hut the practice of charging 
mercury together with uiicrushed ore into the 
mortars of stamp batteries, and catching the gold 
uiiialgarn on copper plates w'as not raentiuned 
before 1850. 

The eyanido process was invented by Mac- 
Arthur and Forrest in 1887, and flotation w'us 
first apjdied to a gold ore in 1900 (iL K. Elmore, 
Trans. Inst. Min. Met. 1900, 8, 379) although 
little success was obtained until much later. 
The methods of refining gold by the cementation 
process and by eupelliition are very ancient. 
Nitric acid for nifining was in use in Venice in 
the fifteenth century and was not superseded by 
sulphuric acid until the nineteenth century. 
The electrolytic refining jiroc-ess was invented 
in 1888, and the chlorine process of refining in 
18G7. 

Gold Ores. — Gold is widely distributed in 
nature and occurs in minute traces in many ores 
of other metals. It has been detected in igneous 
and mctamorphic rocks in almost every case in 
which a careful search for it has been made, and 
sedimentary rocks are seldom quite free from it. 
The comparatively small quantities of gold in 
limestones which have been formed in clear 
water far from land, apjiear to indicate the land 
as the place of origin of the gold, but it is also 
present in sea water. 

Gold occurs in quantities largo enough to pay 
for extraction in many quartz veins or lodes in 
rock formakons. The gold is disseminatod in 
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the quartz anti if? accompanied by bromi oxides 
of iron in the upper portitms ol the deyjoHits and 
by Rulj)hidoH in the deep-Hcated yjortions. It 
usually occurs as native ^old, mainly bet'auHo its 
compounds arc easily rcdiired. Kveri when it jr 
contained ir? pyrites or other suljdiideH, it is 
present in the fret! stab*. Nabve ^^old also 
occurs in many Ht'eondary or dctrital ( jdaccr ) 
tlcpOHitri, sue I) as rivt r gravels, sea beaches, etc., 
in the f(ji‘m of nuv;i!;(‘ts, grains and Hakes. Ilie 
aurderons bj'ds of conyrhnneratc in the 1 ransvaal 
ar(‘ LjtuK'rall V' consideied to bf‘- of this (haraetcr. 

Nugf^ets show (Tystalline structure when 
jjohshed and etched, but rarely cxlnbit repfular 
crystal faces or angles externaily. Native gold 
always etju tains som(5 silver and cojijier, and 
other met a Is arc usually present in smaller 
proportions. 

1’ellunde of gold is found in large quantities 
in Western Australia, (Colorado and Transyl- 
vania, and has been rejiorterl from many other 
localities, 'riieie is only one true (‘ompound of 
gold and tellurium, AuTe 2 , which contains 
4.'1 (>^o of gold ; but several nnxt/Ures consisting 
cd vaiious compounds of tellurium with gold 
and f liver and other met als lm\e been recognised 
as mineral sjiccies. The best known ol these 
are (1 ) (tilarn tic {r/.v'.), wdiieh has tin'- composition 
AuTe.,, (2) syhmnUc or grajihic tellurium which 
is Hiqiposed to correspond to (Au,Ag)Te 2 , 
(:i) pctztfr, a telliiridc of silver, AgoTe, with jiait 
of the silver rcjilaced by gold, and (J) 7\agya(jite 
or foliated tellurium, winch contains some lead. 

Auriferous telliiridi' is usually dark grey or 
black in colour, Init oecasionally is silver-grey. 
Someiiim's it contains an admixture of metallic 
gold which gives it a brassy-yellow colour. It 
IS soft and britih'. but its density is high, usually 
betw'cen 8 and t). When heated in air, it oxidises, 
iuming and giving off TeOa, fuses below a 
red heat If tluj roasting jirocess is continued, 
most ol the tellurium is removed and tho gold 
is lelt. in the form of sjihcrical jiellets Avhich have 
solidified from fusion, (favorite may contain 
as much as 44% ol gold, but usually partly 
replaced by silver. A specimen of sylviinitc 
from tVijiple (Veek, (kilorado, contained Aw 
7 04%, Ag 32 39%, Te 09 9(1*^', (F. C. Smith, 
3’rans. Ainer. InsI . Min. Met. Fng. 1897, 26, 485). 

Extraction of Gold from its Ores. — Tbc 
metallurgical treat rnent of gold ores is usually 
simyile and cheap and owang to this circum- 
stance and to the high value of the metal, ores 
containing very small proportions of gold can 
be worked at a profit. Thus the ores of the 
Witw'atersraiid, now being worked, usually con- 
tain less than 0 (101% gold, and auriferous 
gravels, which do not require crushing, may be 
w’orked when considerably poorer. 

Washing Avrijerous Gravel (see IT.S. Bureau 
of Mines Information Circular No. 0780, 1934). — 
The gold occurring in placers is obtained by 
w ashing away the light i*r gravel from the gold 
disseminated tlirougli it, the material being 
carried by a shallow stream of water 
through inclined troughs (sluiee-boxes) or over 
sloping tables. Tho heavy particles of gold 
sink to the bottom of tho stream and arc 
caught by the rough surface of blanketing or 
plush, or in crevices w^hich are foi^hed by the 


supply of “ riffles ” of various kinds. Sometimes 
the riffles consist of wooden strips or poles, 
sometimes of iron rails or sheets of “ expanded ” 
metal. Mercury is sprinkled in the stream and 
accumulates in the (Te vices, where it assists in 
catching the gold as an amalgam. The gold- 
amalgam, recovered in the periodical “ elean- 
iip,” IS strained through canvas to remove the 
excess of mercury and afterwards ret orb'd. 

The gravel is mined m various ways, accord- 
ing to eireumstanc(5s. It may he raised liy the 
spade and thrown into the stream, or, when in 
high banks, it may be broken down and w^ashed 
away by jets ol water (liydiaulic mining). 
Dredgers are largely used to recover the gravel 
from river heels anil also on dry alluvial “ flats.” 
In the latter easi^, Iho dredger floats in a jiond, 
and travels slowly across country, scooping 
away tho ground in front and stacking it behinil 
after it has been wasluMl. 4’he gravel is usually 
w^ashed on tlie deck of the dredgei and the gold 
may ho further concentrated by flotation. For 
descrijitions ol modern dredgei s, srr Kng. and 
Min. J. 1934, 135, 48(1, and 1935,136,270. Flaier 
mining is now of Jess icl.itive iinpoi lance than 
formerly ow ing to the exhanstion ol many ol the 
known di'posits. 

Ote (Wushing. — Ore from lodes and other eoin- 
piieted material is Ireati'd liy crushing, followed 
by (I) Amalgamation, (2) (Vaiiiding, or (3) CVm- 
(cntration, either by graiity or by flotation. 
A eoinhination or succession of twai or more of 
these jiroeessi's is usually enqiloyt'd. The object 
of crushing is to free the jiarficJes ol gold and 
thus facilitate their sepaiatioii Iroin the gaugur^ 
or remaiiidcT of the ok'. Many dilliTent crush- 
ing machiiK's are iisi'd. Tlie stani]) hattiTy 
(see Caldecot t and others, “ Hand JMiiallurgical 
Fraetiei',” V'ol 1, J92(i, Vul. II, 1919, C. Giiffin), 
evolved from the pesth^ and mortar, was liist 
applii'd to the industry early in the sixteenth 
centuiy and is still in wide use. lii modem 
practice it consists of heavy iron or steel 
stampers, ranging ufi to about 2,000 lb. in weight, 
wdiieh are raised and let fall m mortars kejit 
supplied with orc‘ and winter. Idle height of dnq) 
is usually about 7 or 8 in. and the number ol 
drops ])cr minute, about 100. Fivi' stamps, 
laugi'd in line in a mortar, form a unit, and a 
battery may (‘onsist of any number of units. 
Wire mesh serei'iis or steel plates perforated with 
holes are ijlaeed in the side of the mortar through 
which the w('t pulp is disihargi'd. The screens 
were formerly of comparatively tine mesh, e.g. 40 
holes to the linear inch (coarsiT screens are used 
now to inereaso output), and the finely crushed 
ore was passed directly to amalgamation or con- 
centration tables. Amalgamation tables con- 
sisted of sloping copper jilates on w hieh niereury 
had been spread by senibbing until it formed a 
completely amalgamated surface. A thin stream 
of pulp, often mixed with mercury which had 
been fed into the mortar, flow ed over the plates, 
on W'hieh the gold amalgam w^as caught and 
retained and subsequently removed by rubbers 
or scrapers and retorted. Much finely divided 
gold usually escaped tho plates, remaining with 
tho pulp (now “ tailings ”) which wont to the 
cyanide plant. These practices have been dis- 
carded in general, as mentioned later. 
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Ore from mines, however, contains material 
too coarse for crushing by stamps, and this is 
separated beforehand by means of a “ grizzly ** 
(iron bars in parallel) or by a vibrating screen of 
say 3 in. mesh. The coarse material is crushed 
in rock -breakers to 3 in. size before going to the 
stamps. Jaw crushers with reciprocating motion 
(hinged plates opening and closing successively) 
and gyratory crushers are both used. The latter, 
such as the Gates, Newhouso and Symons cone 
crushers, contain vertical revolving spindles set 
eccentrically to the outer casing and crush 
the ore between surfaees on the spindle and 
easing. These machines are of groat capacity 
and besides being used to feed stamps, Symons 
cone crushers, foi example, may take thinr place, 
ore being reduced to a rnaximiim size of ^-ineh 
M il h er ushers worked in series. 

Fine crushing by stamps, jireviously men- 
tioned, IS no longer the common practice. It 
has been supeiseiled by more gradual reduction 
in successive machines, (loarser screens arc 
used with modern heavy stamps, giving a pro- 
iliict of A ill. to 1 in. in diameter. The stamp 
duly has become inucli Iiigher and may be ovei 
L’O Ions per stamp per day. In one instance 
(T’reiitice, Trans. Just. Min. Met. 1035, 44 , 470) 
45 tons of Hand ore were enished per day through 
a. HiTcen of 1 m. raesli vvitli a single Nissen stainp 
ol 1,010 lb. Each Kissen stamp (Nissini, 
.1. Vhoin. Met. Soe. S. Africa, 1011, 12, 111) 
has its owm cylindrical mortar box with a large 
screen area. The product of such work is too 
coarse for amalgamation and is passed to some 
form of grinding iiiaehino. 

Tube mills arc much used for fine grinding. 
They consist of revolving horizontal c^dniderK, 
half-lilled with largo pelibles, steel lialls or yiieees 
of hard oi'e, by the impact and alirading effect 
of which, in falling, coarse ])articles of sand are 
finely crushed. The pulp enters through one 
trunnion and passes out through the other which 
IS fitted with a grid plate t.o retain the pebbles 
m the mill while allowing both .sand and slime 
to jiass out. The water in the pul]) fed to tube 
mills is earefnlly regulated, 'riicro must be 
enough to make the ])arlicles of ore atlhere to 
the pebbles but no “ free ” water. For Jtand 
ores the i sual j)ro[)ortion of water is 24-32% of 
the feed. The pul]) coming from primary cru-sh- 
mg machine.s usually jiasses through classifiers 
(described later) which remove both slimed ore 
and e.vecss water, heaving clean wet sand to 
enter the tube mills. The product from the 
mills eontains much material which is insuffi- 
ciently crushed. 3'lii,s is separated from the 
fines b}' means of classifiers and returned to the 
tube mill (“ closed circuit grinding ”). The 
finished product wifi pass through a screen of 
about 90 or 100 mesh. 

Among other fine grinders arc (1) the 
llardmge conical ball mill (Trans. Amcr. Inst. 
Mill. Met. Eng. 1908, 39, 330) m which a pear- 
shaped grinding chamber replaces the cylinder 
of the tube mill (the change of design is to obviate 
further grinding of ore already fine enough), 
(2) the Marcy ball mill, (3) the Marcy rod mill, 
in which steel rods, 2 or 3 in. in diameter and a 
lew inches shorter than the mill, are used instead 
of balls or pebbles for crushing. In small-scale 
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operations in outlying gold-ffelds, e.g. in 
Rhodesia, the Harebngo ball mill sometimes 
takes the place of stamps instead of being used in 
conjunction wuth them. 

Classifiers are in wide use for separating sand 
from slime in pulp coming from tube mil Is. 
The earliest forms were inverted pyramids, 
which were superseded by inverted cones (CalJe- 
cott, J. Chem. Met. JSoe. S. Africa, 1909, 9 , 312), 
the pulp entering at the centre f rom above and 
the line stuff overflowing at the periphery. The 
sand settles in the cone and passes through a 
spigot at the apex. A stream of clear water is 
introduced near the npex of tlie cone in many 
instances and, rising through the sand, cleans 
it to some extent and overflow's at the top with 
the slime. The sfiigot product or “ underflow ” 
is returned to the tube mill. Cone elassifiers, 
however, are of I'om para lively small in parity 
and are now' little used on the Rand, w'here they 
were introiluecd, except as do-wntercrs. The 
Dorr elasHifior has taken their ]>lare on many 
iniiies. It consi.sts of an inclined rectangular 
trough, o])en at the upper end. Tlie ])ul]) 
enters on a transverso line, about half way down 
the trough. The sand setlles in the pul]) and is 
pushed np the im lined bottom of the tiough by 
a scries of rakes which are lifted and lowerctl at 
opposite emls of their stroke. The sand pre- 
sently emerges fiom the liquid and is then 
washed and discharged frinn the open iipjier 
end of the macliine with about 2fl% of moisture. 
The slime is prevented from settling by the flow 
of the li(|uid and by th(‘ agitation caused by the 
roeiproeating soraiiers. It overflows the dam 
at the lower end of the machine. 

The Doit bowl classifier consists in the addi- 
tion of a shallow circular bowl, with revolving 
rakes, to the ordinary rake classifier. The pulp 
enters near the eentro and the slinn^ overflows 
at the ])eriphery of the howl, while the sand 
settles to the bottom and is raked to a central 
discharge opening, wdierice it pa-sses to the reci- 
procating Dike eompartmeiit fur further treat- 
ment before being returned to the. tube mills. 

Cravity Conrentraiwii. — Tlie use of tube niills 
in a " elo.sed circuit ” with clas-sificTs results in 
an “ all-slimed ” product, the sand going round 
the circuit until it has been suffieieiitly rodiiood 
to pass to the cyanide plant. Such fine grinding, 
however, is not required for gravity concentra- 
tion, which can deal with unelassified pulp 
coming from stamp batteries fitted with 50 or 
CO me.sh screens, as at Morro Velho (.f. H. French 
and H. Jone.s, Trans. Inst. Min. JNIct. 19.33, 42 , 
189),'or from stamps with ^-in. screens, followed 
by a single jjassage through a tube mill, as in 
some mines on the Rand. The ancient method 
of catching gold on roughened sloping surfaces 
was for a long period of time modified by adding 
mercury to tln'. pulp and thus amalgamating the 
gold. This particular use of mercury is, however, 
being gradually abandoned. Amalgamation 
tables are becoming obsolete and have been 
w'idely superseded by blanket strakes {cf. 
Jason’s Golden Fleece). These consist of strips 
of blanketing, canvas or more recently corduroy, 
stretched over sloping tables, with an inclina- 
tion of lJ-2 in. per ft. The pulp flows over 
them in a§thin stream of uniform depth. No 
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mercury is used and the particles of grild, sinking , 
to the bottom/adhere to the rough fibrefl of the I 
corduroy or lodge against its ribs. The tailings ' 
pass to the cyanide circuit. The corduroy is 
removed and washed when necessaiy, usually 
every few hours. The concentrates thus ob- 
tained are fed to shaking concentration- tables 
such as the Wdfley table or the James table. | 
(For description of these tables, ave Hose and 
Newman. “ Metallurgy of Gold,” 1937, pp. 241 
and 243.) In these, a number of strips of 
wood plttcc'd transversely arc nailed on the 
surface to act as riffles. They retain the heavy 
particles which work to one edge of the table 
unclear the influence of a slight but rapid shake. 
The light worthless material is carried away 
by the water. (At Morro VcUio, Brazil, the 
substitution of .lames tables for canvas strakes 
was completed in 1035, with improved results.) 
The (‘nncentrates arc then ground and amal- 
gamated in iron or steel revolving barrels con- 
taining steel balls, water and iij(;rcury. The 
amalgam is strained in canvas bags to remove 
excess mercury and retorted. Blanket recoveries 
on the Rand arc from 25 to 60% of the gold in 
the ore, bringing this portion more quickly to 
account than if cyanide were used alone for 
treatment (Prentice, Trans. Inst. Min. Met. 
1935, 44, 479). 

The. Cyanide Proctsa . — The tailings from amal- 
gamation plates or from blanket strakes or 
other concentrators contain some finely dividial 
gold which iH usually readily soluble in solutions 
of the cyanides of the alkali metals (e. Vol. Ill, 
4865). Ciiished virgin ore is also treated by 
eyaniding. The cyanide ust‘(l ut first was im- 
pure potassium cyanide, then mixtures of potas- 
sium and sodium cyanide, and later sodium 
cyanide. Galciuiu cyanide containing an equi- 
valent of 49% NaCN is also in use. It is still 
common practice to refer to the standard of f lu'se 
cyanides in terms of the potassium salt. Thus 
97-98% NaCN is designated as 129-130% 
cyanide or potassium cyanide. The solvent 
action of cyanide on gold is very slow and 
requires the presence of an oxidising agent such 
as free oxygen. It may be ex})ressed by tli 
following equation, which represents the sum 
of the chemical actions : — 

4AU+8KCN f-Ogi 2HaO 

-4KAu(CN)2+4KOH 

(J. S. MacLaurm, J.C.S. 1893, 63, 724). The 
equation, however, ignores galvanic action and 
subsidiary chemical changes which may have 
an important influence on industrial extraction 
(Allen, Trans. Amor. Inst. Min. Met. Eng. 1934. 
112, 546). 

The potassium aurocyanide remains dissolved 
in the water. The oxygen required is dissolved 
in the cyanide solutions from the air in contact 
with them. If the oxygen is exhausted owing, 
for example, to the cyanide solutions r^emaining 
for some time in contact with ore containing 
readily oxidisablo sulphides or organic matter, 
dissolution of the gold is stopped, and it is neces- 
sary to aerate the pulp. Very dilute solutions of 
cyanide are used, containing from about 0*5% 
to as little as 0-001% of potassium cyanide, 
The maximum solution rate is at ablaut 0-027% 


KCN, when saturated with oxygen (H. A. 
White, J. Chem. Met. iSoc. S. Africa, 1919, 20, 1 ; 
)ee alao White, ibid. 1934, 35, 1). With Rand 
ires, the maximum strength in treating sands is 
) 06% KC N and foi shmes, solutions containing 
1-01 to 0 025% KCN arc used (Prentice, Trans, 
list. IMin. Met. 1935, 44, 511). 

In jiractice the solution rate depends mainly 
m the amount of oxygen dissolved in the solu- 
,ion. In a mass of ore undergoing treatment it 
'H difficult to maintain a sufficient quantity of 
xygen in a free state. Hence the time required 
[or treatment may be many hours or even days, 
although under favouraldc conditions the gold 
•ould be dissolved in a few- minutes or at most 
in 2 or 3 hours. V^arious oxidising methods have 
liecn applied, such as the passage of a current 
)f air through tlic charge or agitation with air, 
jr, more rarely, the addition of oxidisers other 
than air. The gold contained in sulphides is 
more difficult tr) dissolve than fri-c gold, jiartly 
wing to oxygi'Ti deficicjicy, and rich sulphides 
are generally separated and treated in other 
wniys. 

Anotli(‘r difficulty in <*yaniding lies in the 
waste of cyanide due to its dcstrin tion by cer- 
tain constituents of the on-. Nome snljihides 
and arsiMiides dissolve in cyanide and interfere 
with the ellieienev ol the sohilion. Moreov(*.r 
when pyrite, i)yirhotit(> on mareasite has been 
subjei-ted to the action ot air and water 
(weathenng) before tu-atment, compounds 
arc lormeil which arc more- jnejudieial to thi‘ 
.solution than the Hulpliid(\s. The same dt-coin- 
jiosition oeeiirs during IriMtim-nt, especially in 
proloiigi'd aeration and agitation. Ferrous sul- 
phate and sulphuric acid ari*. formed and react 
as follows ; 

FeSO^ [ 6KCN K 4 Fe(CN)„ i K^SO^ 
Hj5S04+2KCN^ K^SO^H 2HCN 

Many other reactions oeeur, some copper and 
/.ine miiioials being esjuM-ially troublesome 
eyameides. CV^rtani eiiprilerous ores destroy 
so nnic-h cyanide that they cannot be treated 
profitably by the process. 

The effect of aridity and of ferrous sulphate 
are overeome by the presence of sufficient pro- 
tective alkali m the solution. This is provided 
by the addition of lime to the ore ns it is led 
to the battery, or at any grinding stage. The 
amount may be 2 or 3 lb. per ton. The pro- 
tective alkali IS kept as low as possible con- 
sistent with a reasonable coTisiimptioii of 
cyanide (Robertson, ibid. 1924, 34, [i], 84) as an 
excess of Lme may be fatal to extraction 
(Wright, ibid. 1933, 42, 239).. Alkali does not 
protect cyanide from copper salts. 

Crushed ore or tailings from other extraction 
processes arc treated in large vats (containing 
as much as 850 tons of ore) with false bottoms 
provided with filter beds. Cyanide solution is 
run on to the ore and allowed to percolate 
through it. Fresh solution is added from time 
to time and finally the ore is washed with water. 
The solutions pass tlirough the filter by which 
they are clarified and are conveyed to the pre- 
cipitation boxes, where the gold is separated, as 
described later. 

There arc numerous modifications in the 
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cyanide process necessitated by the conditions ' 
or introduced as improvements. Of these, the 
variations in mechanical treatment are the moat 
important and complex. Liquids do not pass 
readily tlirough unclassified pulp, which is 
accordingly separated into sand and shme in 
classifiers, already described, or is merely run 
into a large vat filled with water. Hero the 
Band settles and fills the vat and the slime is 
earned off in the overflow. The separation is, 
however, far from perfect. Either the sand is 
cyanided where it settles, or it is drained and 
transferred to another vat for the purpose, thus 
becoming well mixed and aerated. A solution 
of lead nitrate, to remove soluble suljiliides, is 
B])rmkled on the charge before it is removed to 
the treatment vat. On the Hand, ilio strong 
sf)lution, containing from 0 05 to 0-1% KCN is 
mil on to sand charges first, followed by weak 
solutions containing 0*02 or 0 03% KCN, and 
linfilly by wash w'ater. As frequently as possible 
during the jirocess, wiiich lasts from 4 to 7 days, 
the sand is permitted to drain to allow the entry 
ot air. in some inslances vacuum pumps arc 
used to expedite leaching and to assist aeration. 
3’lie tailings aie removed by sluicing or shovelling. 
They coutain about 0 25 or 0*3 dwt. gold per 
tf)n or about 10% of that jircscnt in the sand 
before eyanidmg, but part of the gold originally 
juesent has preA'iously been caught on the 
blaiilvct strakes. A large proportion of the 
residual gold is contained in the pyrites. The 
gold in the tailings could be further reduced in 
amount by finer grinding but it w'ould not bt 
j»r()fitable to do so, A product just fine enoiigb 
to pass through a lOO-mesh screen is aimed at. 

The treatment of slime is becoming the most 
important part of the cyanide process. Jn 
iiU-bltming methods, the sand is reground 
until it can be included with the slime, so that 
no sejjjirato treatment is required. In many 
eases the gold is not completely laid open t( 
attack until the ore is ground to slirnc and the 
recognition of this fact has led to a w ide adopt ion 
of the all-shming policy. 

In jiraetieo the product of all-slimiiig opera 
lions usually contains from 5 to 35% of sanci 
that will not pass a 200-mesh sieve. The 
slime, whether it is the portion separated from 
sand by chisHifiers or is the product of aU 
sliming, is suspended in 5 to 10 parts of water 
and must be thickened before it can be cyanided. 
Ill order to promote its settlement a solution of 
lime is added, usually before or during grinding, 
The alkalinity is maintained at 0*002-0-025% 
CaO. T1 .'s causes agglomeration or floccul, 
tion of the particles, “ clouds of large and 
indefinite diameter are formed ” and subside in 
the liquid. Heat assists settlement. With an 
alkalinity of not more than 0 005%, Hand slime 
settles at the rate of 2-4 ft. per hour with a clear 
overflow. The thickened slime contains only 
35-45% moisture. The gold in it is readily dis 
solved by cyanide and the solution is separated 
from the slime either by decantation or filtration 
In the decantation method (Caldecott, “ Rand 
Metallurgical Practice,” 1926, Vol. I, p. 217). 
now' little used, the settled slime is discharged 
from the settling vat by a jet of cyanide solution 
and pumped into another vat with a conical 


3ottom. Circulation is continued by with- 
drawing the pulp at the bottom and discharging 
it in oblique jets at the top. As soon as the gold 
IS dissolved, which may be in from 4 to 24 hours, 
the pumps are stopped, the pulp allowed to 
settle, and the clear supernatant liquid is drawn 
off and sent to the precipitation plant. The 
pulp is diluted with “ precipitated solution ” to 
its original volume, agitated in a second vat, 
again allowed to settle and the liquor decanted. 
The settled slime, still contairimg about oiie- 
sixtcenth of the dissolved gold, then goes to 
waste. ('The Hand shmo generally contains 2 
ir 3 dw’ts. gold per ton.) In rounter-eiirrent 
leeantation, the cyanide solution enters at the 
bottom of the vat and overflows as a clear liquid 
at the top, the settlement of the shine generally 
moiT than keeping pace with the iijiward move- 
ment of the solution. The underflow of slime 
passes toanothcr vat, and tlie action is continuous. 

Slime is now" generally treatc'd by agitation 
with cyanide and filtration, with many variations 
in detail. The slime, is first de-watert'd or 
thickened by settlement, 'fhe eontinuous 
thickeners now in common use, of which the 
Dorr machine is the best Itnown, have scrapeis 
attached to rotating radial arms which move the 
settled shme towards tJie centre ol the vat, 
where it IS dis(‘ha.i'ged thiough a pi]ie. Pulp 
enters the vat at the eeritie and clear liquor 
over-flows i t the jHTiphery, the, action being 
eontinuous in hotli eases. The thiekiMied pulp is 
then agitated with cyanide solution m an ” air- 
lift ” machine such as the Hrown or I’achuea 
lank. 'J’his consists of a tall cylinder of steel 
with a conical bottom. Inside the cylinder a 
central pipe is fixed extending nearly to the 
bottom and top. Air is lori'i'd into the central 
pipe near its lower end, and, bubbling up through 
the column of juilp inside it , naluees tlie density 
of the column. The pressure of the outside 
pull) 1^^^ open lower end oi tiie pipe causes 
the eolumii to rise and overflow at the top. 
Presh pulp enters at the bottom of the pipe 
and a perfect circulation results, as wtH as 
complete aeration. Tlie tank can h(‘ worked 
intermittently, being diseliargral as soon as the 
gold is dis.solved, but in some Rand plants a 
senes of agitators work continuously, each over- 
flow"ing into the next, and the last delivering a 
finished product to gravitate to the filter plant 
(Thiirlow and Prentice, .7. Clicm. Met. Koc. 
S. Africa, 1928, 28, 258). 

The Brown tank agitators are confined to the 
treatment of ISO-mcsh or finer material, if 
building-up of coarse particles at the bottom is 
to be avoided. Coarser material or flotation 
concentrates may be treated in a Wallace agitator 
in which the air-lifts are assisted by a rotating 
impeller (iS. G, Tiirrell, Chein. Eng. Min. Rev. 
1934, 26, 312). This can deal with sand of 
40 mesh. 

The ore slime from the agitators, after being 
thickened by the removal of part of the liquid 
in raking machines, is filtered through canvas 
with the aid of a vacuum (as in the Moore, 
Butters, Oliver and other filters) or by direct 
pressure (as in the Merrill and Dehne filter 
presses). The liquid passes through leaving the 
solid mattir as a cake adhermg to the canvas. 
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The difficulty is that oven a thin layer of slime 
packs down and offers great resistance to the 
passage of liquids. In practice, layers of ^1 in. 
are allowed to build up with vacuum leaching 
and layers of 2 .'1 in. with pressure* of 40-100 lb. 
per sq. in. given by pumps. An enormous area 
of filtering surface is retpured in operations on a 
large scale. Tliis is obt/imcd by using a number 
of parallel vertical filler plates or leaves placed 
near togcfhcir and ke]»t separate by w'oodcii 
strips or pi*rforati‘d iron or wire screens. 

7 ’he filter leaves may b(i contained in a basket 
wdiieli is iinmcrsial m the pul}> and then lilted 
out for washing ami discharge (Moore filter), or 
tliey may be fixed in a vat whieh is alternately 
tilled with aaid eiii|)Ued of pulp (Butters filter). 
Oontnmoiis filtration is arranged in some later 
iiiacbines (r .7 the Oliver and Dorreo filters) by 
placing the filler leaves on the outside, surface 
of a rola.ting driiiii w hiidi is partly immersed in 
the juilji. t'lltral um, washing and disiduirge of 
the sliiiK! cakes are then eib'eted during each 
rt' volution of the drum. For details of some of 
these machines, .see Hose and Jsb'wuiian, “ Metal- 
lurgy of Oold,” 0. (IrifUn, IIKIT, pp. .‘jri7-H(ib 
The results are sufiorior to tliose of the di^eanta- 
tion m(‘thod. For instance, l*rciiii(^c (Truns. 
Inst. Min. Met. Ilkl5, 44, 517) states that the 
loss of dissolved gold in the residue from a 
vacuum filtration plant on the Kaiid was 0 022 
dwd. per ton of sliuK* and that from a decantation 
plant 0 07 1 dwt. 

The recovery of gold from cyanide solutions 
is effected by precipitation wdth zinc shavings 
or zinc dust. The solutions, wdiieli may h(^ 
turbid from suspended slimed on‘, are elnrilied 
by jiassing thorn through beds of sand or ])rc- 
liiniriary filters before precipitation. It is 
believed that tlie actual precipitant is nascent 
hydrogen produced by the dissolution of zinc, 
thus : 

Zn h4NaCN l 2 H 2 O 

= Na2Zn(CN)^i+2NaOH+2H 

2NaAu(CN)2l 2H 2HCNf 2NaCN | 2Au 

Free hydrogen is, liowever, inert and if formed 
18 removed as f.ist as possible. Precipitation is 
aided by coating tlie zinc with load by means of 
a solution of lead nitrate, the lead -zinc eoii|)le 
increasing the rate of dissolution of the zinc. 
An excess of free cyanide is also favourable 
and it is usual to add cyanide to weak solutions 
on tlicir Avay to the zinc boxes. Dissolved 
oxygen is detrimental by cheeking precipitation 
and wasting zinc, the solution is therefore de- 
aerated in modern praetioc. Oxygen is removed 
either by a vaeiiiim (Merrill- Crowe process) or 
chemically. The former is the more efficient, 
and is installed in many niodern plant, A 
vacuum of 22 in. of mcreury is maintained in a 
large oylinder fitted with liltcr loaves, having 
a capacity in one plant of 6,000 tons of solution 
in 24 hours (WarteiiAATiler, J. Oheiii. Met. Soc. 
S. Africa, 1932, 32. 143). The oxygen content 
is reduced from 6 0 to 0-5 mg. per litre. Tlie 
chemical method involves the use of finely 
divided iron and highly pyritic sand in the 
clarifiers, or else the addition of manganese sul- 
phate or tannin extract. • 


Zinc shavings when used are contained in long 
boxes divided into compartments through which 
the solution flows. The gold is precipitated in 
the form of hlai k slime. In clcaning-up, the zinc 
18 washed free from cyanide and the unbroken 
shavings are put back in the boxes. The gold 
slimes arc digested in sulphurie acid or sodium 
hisiilphate solution until all action has ceased. 
The residue, now freed from zinc, is washed, 
dried and fused in jiots or tilting furnaces with 
borax, manganese dioxide, sodium carbonate 
and sand. Alter easting, the bullion is separated 
from the slag and sold to refineries. An alter- 
native method is to smelt the precipitate with 
litharge, charcoal and fluxes, and to cupel the 
base leacl- bullion produced (Tavener process). 
In modern jiractico precipitation is nsnalJy 
effected with zinc dust wdiich is mixed with the 
clear cyanide solution in a tank fitted with 
vaciuini filter-leaves (Mc'rrill-Ch’OAve process). 
The amount of zinc consumed is niiieli less than 
w'hen zinc .shavings are used. Tlie gold precipi- 
tate is waishcd off the filter leaves with jets of 
water and is sometinies smelted without jirevions 
acid treatment. Attempts to precipitate gold 
with finely grourul charcoal instead of zinc have 
not had much success in praciicii, in lecent 
years methods of regenerating the cyanide in 
s[)cnt liquors have been adopted on some mines. 
Sulphnrons acid is added iind tlie li\di()cyiinic 
acid thus formed is absorbed by lime (llal\ orsen 
jiroeesH, Min. and Met. 1925, 6, 136; IMills- 
Orow'e jirocess, Lawr, I'lng. and Min. .1. 1929, 
128. 088). 

The treatment of suljdio-tcllnride ores by 
cyanide presents spi'cial dillienllies, as NaCN 
acts very slowly on these ores. Fither the oie 
is roasted in order to expel the tellurium hcloro 
cyaniding, as at Cripple (Teek, (Viloriido and 
elsewhero (U.N. Bur. JMiiics, Information Cir- 
cular 1933, No. 6739), or an addition of hromo- 
cyanidc is made to ordinary cyanide, as at 
some mines in Western Australia and Canada 
(O’Malley, Chem. Fliig, Min. Jtev. 1933, 26, 115). 
Bromocyanide readily dissolve's telluride of gold. 
The liromoeyanide is nsually made in eontaet 
with the on', as at Kirkland Lake, Ontai'io (•!. T. 
Wiley, Eng. and Min. ,1. 1928, 126, 16). Here 
the eoiieentrates are stirred with () 05% cyaiiido 
solution, and then NaCN, “Dow’s salts” (a 
mixture of NaBr and NaBrO^j) and H 2 SO 4 
are added. Bromine is hheratecl by the action 
of the acid on Dow's salts and reacts with the 
NaCN forming bromocyanide (e. Vol. Ill, 5()4f). 

Sometimes telluride ores are roasted before 
treatment with bromocyanide (A. dames, ibid. 
1927, 124, 1004). Gold oriiS_ containing anti- 
mony as stibnite are also refractory, the stibnite 
dissolving in caustic alkali and decomposing 
cyanide. Roasting is useless unless the tem- 
perature is kept as low as 450“. At higher tem- 
peratures antimonates are formed, locking up 
the gold and protecting it against attack by 
cyanide. Long weathering of slimed ore con- 
taining stibnite makes it amenable to cyaniding 
(V. E. Robinson, J. Chem. Met. Soe. 8 . Africa, 
1921, 21, 117). The graphite in West African 
schist precipitates gold from aurocyanide but the 
difficidty in treating these ores is overcome by 
roasting before cyaniding (A. James, l.c.). 
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Flotation {q.v .). — This method of concentration 
is the moflt recent development of importance in 
the treatment of gold ores. In flotation the 
finely ground ore is mixed with water, air and 
less than 1% of oil, the ratio of water to solid 
bturig usually 3 or 4 to 1. The oil coats the 
])articleH of gold and minerals rich in gold and 
enables globules of air to adhere to them, so 
that they float to the tup in a permanent froth 
vliich is skimmed off. The ganguc jairticlos 
are wetted by water and sink to the bottom. 
Ilesides ojI, a number of other compounds are 
used in froth flotation, with various objects in 
view. Pine oil and cresol are in common use to 
form the froth, which must be stable enough to 
last ^hile, it is being removed from the machine, 
'fho amounts required vary from 0 05 to 0-15 lb. 
per ton of ore for pine oil and 01 -0 5 lb. per 
ton for eresylie acid. “ C'olleeting agents ” sueli 
as xiint bates, tbioearbanilide and eresyl phos- 
]jha(-e (“ (urofloat ’’) are usc'd to enable the free 
gifkl and nuriferoiis minerals to lie floatcal, the 
ainounts re(jiurod being of tlie order of 0-1- 
0.1 lb. per ton. They are used in eonjurndbui 
with “ activators,” such as cojqu'r sulphafc 
and s<HlMini sulphuh', which as.sist m tins 
action on some minerals. Copper snlphate and 
xaiithal(‘s, however, cannot be used together as 
they form insolnhle cop])er xarithate which is 
iiiaeti\e. Nodium siiljiliide is advantageous m 
the iire.senee of oxidised minerals such as copper 
earboiiate and iron oxide, and in ores in which 
tlie gold is mixed with pyrite. ” Modifiers ” 
such us lime and soda ash assist in the w'etting of 
the gangne particles, thus causing them to snik ; 
they also neutralize acidity, liirno in cxee.sH, 
however, aets as a “ depressor,” eansing lioih 
fie(‘ gold and pyrilo to sink. Sodium cyanide 
also arts as a depressor. ” Dispersion agents” 
such as sulpliune acid and lime eanse the gaiigiio 
jiarlicles to separate from the mineral partielt's. 

In flotation niachiiios, the pulp and air enter- 
ing a cell together are violently agitated by 
means of a (eiitral shaft fitted with blades or 
other form of impeller and revolving at high 
velocity (200-500 or more revolutions per 
minute). Tbo impeller usually diives the jmlp 
upwards and the air bubbles coated wuth mineral 
float to file surface and arc scraped over the 
Hi(l(j of the vessel by revolving paddles. Among 
machines used in treating gold ores are the 
Minerals Seyiaration snbacration. the Denver 
Hubaeration, the Fagergren and the Kraut 
flotation inacliine.s. iSeveral units or cells 
are naed in scries, so that the froth from the 
first eeli may be treated again in “ cleaner 
e(‘lls,” and the gangue tailings in other cells. 
The w liole series forms the “ flotation eireuit.” 
The froth or concentrate containing the free 
gold and valuable minerals is usually sold to 
smelters, or tieated by eyanidation. 

Flotation supplements, rather than supplants, 
the older processes. It is recognised that there 
is an advantage in w'ithdrawiiig as much gold as 
possible from the pulp at the earliest iiraeticable 
stage of treatment, as ma}^ bo done by flotation 
or gravity concentration. Free gold floats alone 
in the absence of sulphides (Richards and Locke, 
Min. Ind. 1932, 41 , 590). Thus on a rich Cali- 
fornian ore a froth assaying some £2,700 per ton 


with 00% extraction could be obtained by using 
only small quantities of xanthato 

and other reagents. The addition of two drops 
of pine oil per ton increased the assay value of 
the concentrates to £5,000 per ton. With some 
ores flotation is followed by eyanidation of the 
tailings, with others the cyanide treatment comes 
fir.st. The tailings from amalgamation are also 
Hiihjcct(‘d to flotation in some instances. 

There has been a rapid inerense in the npjili- 
cation of flotation to gold since the change from 
acid to alkaline eireuits and from oils to syn- 
thetic organic ehoinieul reagents. The alkalinity 
generally used is very slight, tlio value 
(logarithm of the reeiproeal of the hydrogen- 
ion eomentration) ot the pulp ranging from 
7-0 to 7-5, the neutral figure being 7-0. Flota- 
tion is m use al. many iinnes in tlie KirklamI 

)Id field (’anarla, in Western Anierieii, in 
West Australia and oth(*r countries. It is also 
being tried on the Rand on a huge scale. 

SmeltitKj . — (lold ores eoiitaiiimg appreeiahlc 
quantities of lead or (‘op]>er arc usually smelted 
for the jirodiution of these metals, from which 
the gold IS subsequently extracted. Other gold 
ores arc sometimes nsel'ul as fluxes m the smelt- 
ing operations {v. CorPEit). 

Refining. — Gold extracted from ores is 
usually impure and unfit for use in the arts 
unlit it has been refliied. Pieliminary refining 
or ” touglKuimg ” operations are oft en carried 
out either al the re/iiieries or at the gold mills 
before tlie bullion is sold. SoiiK'timeH the gold 
is melted in erueibles with oxidising agents such 
as nitre, or a. blast of air is direeliMl on the snrtaee 
of the molten metal or even yiassed througli it. 
The base metals are oxidised and form, a dross 
which IS skimmed off with the help of bone ash, 
or borax is added to form a fusible slag with the 
oxides of the metals. Toughened bullion con- 
tains little except gold, silver and copper. 

Evjinivg by iSulphurLC Arid . — In this process, 
an alloy of gold and silver is prepared by melting 
gold bullion with dorr, fiilvrr {i.r. silver eori- 
tainiiig small quantities of gold) or Mexican 
dollars or, oeeasionally, with refined silv^er if no 
other is available. Tlu^ parting alloy usually 
contains from 20 to 30% of gold and a few jier 
cent, of copper. If a higher projiortion of gold 
is jiresent, some silver remains iindissolved and 
is retained by the gold. The copper assists the 
dissolntion of the silver but the amount of base 
metals present in the alloy is carefully regulated, 
as their suljihates ant sparingly soluble in con- 
centrated sulphuric acid and consequently are 
precipitated and interfere with the progress of 
the operation. Not more than 10% eo])per and 
5% lead are allowed. A small quantity of lead 
is said to assist in the dissolution of copper. 

The alloy is granulated by being poured into 
water while still molten and the graniilationa are 
boiled in concentrated sulphuric acid of sp.gr. 
1-85 in east-iron kettles. The amount of acid 
used is four or five times the weight of the 
granulations, but only about half this amount is 
added at first. The sulphur dioxide, which 
is formed in large quantities, is carried away 
through leaden pipes. Silver sulphate is re- 
tained in solution m the hot concentrated acid, 
but tends Ito be precipitated when the acid is 
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cooled or diluted. When the evolution of sul- 
phur dioxide is at an end, the li(jiiid is trans- 
hjricd to a settlin^^ pot, and fiesh acid added. 
After three hoilin^^s in acid, the “ brown gold” 
residue is \\a.shcd uith boiling water, dried, 
rnelled with nih’c and cast in (ij)cn mtuilds into 
ingots (d alM)ut 400 (j/. (‘ach. 

Thi'- acid solution of silver is poured into 
large lr*!ifl Inu^d tanks containing hot water and 
sheet or sfitijt copper, und is heated by means 
ol Ht(‘inn and stirred until tlio preciyiitation of 
th(‘ silver is coinj)lct<‘. The silver jirecipitate is 
washed, diicd and compressed into cakes by 
bydraiilK jiowcr bclf)rc b(“ing melted. The 
coppc'r is T(‘covci(‘d by electro-deposition or as 
( oj)|)(‘r' snl|)lia1e by crystallisation. The gold 
prodni'cd by sulphuric acid parting is u.sually 
iiom OOti to 000 lin(‘, and the jirceipitaled silver 
IS about OOt) to ItOH tine. 

Jxi’JiniiK/ hi/ FAvvlrolyhc Doposition . — In the 
Ihnted IStates, and in some rtdineries elsewhere, 
gold IN r(‘rined hy electrolysis. Two jiioeesses 
are used sure essi vedy. In the MoAkus pioci‘s.% 
a jiaiting alloy containing aliout .‘1()% of gold 
and of silver, cojiyicr, lead, etc., in- 

f'luding not more than lo% ol bas(3 medals, is 
(dcctrol\ s(‘d 111 a soluticui tontaming about 2% 
ot In e nitric acid and .‘1% oi sihcr in the iorni 
ol lilt ra t Nilvcr, eojiyier and some ot her metals 
art' dissolved at- the aiioch's, which are eiicdoseal 
in bags, and silver is deposited at the eaibodes 
wbicdi ecuisist of rolled shec’ts of jiiire silver, 
sligliMy oiled to reduce adhesion. The current 
density is nsiially 20-30 amyien's per stj. ft. of 
eatlioclc'. 'flu* silver may lie deposited in a 
ecdierent form on the catbod(‘s, with the help of a 
little gedatin in the cdectrolyte, and subsecpieiitly 
stripjied otf. Soimd-imes the cathodes are 
eontinnally scrubbed with wooden brnslica, w'ork- 
ing automatically, hy which theur surfaeos are 
kept iree fioin loose* e rystals of eleetro-de'peisited 
silver. The loose silver falls on to removable 
trays yilae-e'd hedovv. The gecld remains nndis- 
Holveei at the anodes and retains some silver. 
The ee^fipci-, leael, /.ine-, etc,, ace inrinhite in the 
elee'troly te, which is ke^yit in ceindition by the 
addition ol ae iel aiiel sdver nitrate and by fre- 
epieiit rone'wal. TUo gold anodes are semietimes 
boiled in snljiliiirie^. acid, but if they contain as 
much as OoO jiarts of gedd Jiei 1,000, they may bo 
Dudteel at oiiee and east into anoeles for tn*at- 
ment by the AVobhvill process. I'or observa- 
tiems oil the eoiidiictivity of clee’trolytes used in 
the Mocbnis jirocess, Jice Cemeord, Kern and 
JMulhgaii, Trans. Amer. Inst. Min. ISlet. Eng. 
102(), 73, 108. The Balbaeli-Thum process is 
similar to the Moi liius process, the chief differ- 
ence being that the electrodes arc laid hori- 
zontally ill trays, instead of being suspended 
vertn ally in bags in the elec’trolyte. 

Ill the Wohlwdl procesa {Z, Electroehem. 1898, 
4 , 379, 402, 421 ; Kose and Newman, “ Metal- 
lurgy of (Jold,” 7th ed., 1937, p. 481), thiy anodes 
contain not more than TiO jiarts of silver per 
1,000 and a few })arts yier 1,000 of base metals. 
By the use of a “ pulsating ” current (a com- 
bination of a direct and an alternating current), 
gold with 15-17% silver can bo refined, as the 
silver chloride is automatically dotaelied from 
the anodes (WohlwiU, Met. and (Miem. Eng. 


1910, 8, 82 ; Downs, Metal Ind. 1930, 36, 
141). 

Under ordinary conditions with hot solutions 
at 60-70'^, the electrolyte contains from 2*5 to 
4% gold in the form of chloride and 3-5% 
HCI. At 20^ 10% HCI is used. With the 
pulsating current, less HCI can be used. The 
reactions at the anode are ; 

HCI 1 Au 4 3CI = HAuCl4 
and HCI + Au t Cl- HAuCIa- 

The hydroehloroaurous acid subsequently de- 
composes in part into hydroehloioauric acid and 
mctalli(5 gold, which is found in minute particles 
in the anode mud. At the cathode the reactions 
are : 

HAuCl4f3H-Au + 4HCI, 

and HAuCIgl H-Au + 2HCI. 

Some ehloiine is evolved at the anode, especjally 
if the teniperai-iire is too low% the hydrochloric 
acid insiiHicient in amount, or tlu* current 
density too high, and some ehloiine is taken 
up by silver and other inijiunties. The result 
IS that the electrolyte gradually becfiiiies w'^eaker 
in gold chloride- and more must be- added at 
frequent intervals. The gold eliloride for this 
purpo.se IS usually prrpari‘d by dissolving gold 
111 (u/ua rvijia. 4'lie AUCI4' ions migrate from 
the cathode and it is neeessiny to stii the solu- 
tion by air-bloumg or by a propeller. In 
jiulsating-eurrent [iiaetiee, with an alter- 
nating current of strength l-J times that of 
the direct (‘uirent, a direct cniTeiit of 125 
amperes per sq. lb. of anode can be used without 
scraping the anorles. Jn practice about 80 or 
90 amperes per sq. ft. is usual. The amount of 
gold passing into tlie anode mud is diminished 
by the use ol the jiiilsatmg current. 

Blatinnm and palladium when alloyed with 
gold pass into solution from the anode and are 
.subseijiienlly recovered by chemical precipita- 
tion. Jiidiiim, osmiridium and rhodium do not 
dissolve. Lead at tlie anode is converted into 
jieroxide and eaiises jiassivity. It may also 
reach the cathode, making the gold brittle. Jt 
is accordingly removed hcforeharul togi'ther 
with selenium, tellurium, arsenic, antimony 
and bismuth by toughening. When the elec- 
trolyte becomes foul, owing to an accumulation 
of copper and otlier impunties, it is drawn oil 
and the metals recovered. The elect roly to is 
renewed, most conveniently, by withdrawing a 
part of it each day and adding a solid ion of pure 
gtdd chloride. The anodes are made of such 
thickness (4—12 mm.) that they can be dissolved 
in 24 to 36 hours. The cathodes consist of fine 
gold and the deposited gold is usually from 999 5 
to 999-9 fine. The residue at the anodes consists 
chiefly of silver chloride. 

The process is particularly applicable to 
platiiiiferous gold, as in other refining processes 
platinum is left with the gold and lost. 

Chloriifif, Procc.sf}. — -In Australia, South Africa 
and elsew^here, gold is refined by the passage oi a 
stream of i hlorine gas through the molten nc'tal 
contained in a clay pot and covered with borax. 
The method was invented by Miller in 18G7 
(J.C.S. 1868, 21 , 506). The elilonnc is at first 
completely absorbed and combines with all the 
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metals present except perhaps some of the f the eutectic of gold and the coinpoiiiid 
platinum group. Gold itself is attacked very AuTe^. The presence of most other metals 
slightly in the earlier stages. The chlorides rise reduces the melting-point of gold, but it is 
tr) the surface and are baled out, together with raised by platinum. It begins to volatdise in 
tlje borax, when they have become iiicon- Ktruo in a quartz vessel at 1070' and boils at 
^enlently bulky. Some chlorides volatilise and 800'’ under the same eonditioiis (KnifU and 
pass out of the furnace. In one modification, llergfcld, Her. 1905, 38, 254). The* density of 
oxygen is added with the chlorine (Kahan, last gohl is about 19-IJ, but Ibat of precipitated 
Trans. Inst. Min. Met. 1918, 28, 35). When the gold is higher, and when gold is cTystallised from 
gold approaches a fineness of 990, gold chloride lolution its density is given as 19 It 
IS formed in rapidly increasing amounts and rystallises in the cubic svstein. 


begins to appear in appreciable quantities in the 
fumes wliijch pass through the slag. The 
stream of chlorine, which has already been 
reduced to a mere triekle, is stojiyed soon after- 
wards. The end-point is marked by a peculiar 
slain (caus(‘d by gold cldonde) on a cold clay 
inpo-sLom held in the issuing fume. The re- 
mainder of the chloride slag is then removed and 
the gold cast into ingots. It is usually about 
990 line, the residue being mainly silver. 
IMatinum remains with the gold. Tellurium is 
dilbcult to eliminate. If present, it remains to 
t he end and is removed by additions of iiitie. 

Tlic chloride slag is found to contain about 
2^0 of the gold, imiinly in the form of minute 
crystallino partules, reduced from cldoridc* of 
gold winch has passive! into the slag (Law', 54th 
Ann. Ib'pl. lloyal Mint, 1923. ]». 97). The gold 
is (‘oll(‘cted by the addition of carbonate of soda 
to tlie molten slag. l*art of the silver chloride, 
is reduced, and the metallic silver settles lo the 
bottom, carrying the gold with it. This portion 
agam yiasses through the process. The re- 
mainder of the silver is freed from the base 
chlorides and reduced with iron plates. 

The process is especially suitable for refining 
bullion over 700 fine in gold, with the remainder 
mainly silver. Gold of lower fineness can be 
treated but the time of treatment becomes longer 
.'ind lilt' cost greater (.see 04th Ann. Kept. Koyal 
Mint, 1933, p. 110). If the silver is below 5%, 
Oiere IS some diflieulty in removing base metals. 
I'iie jircK’esH is obviously uiisuiiablo for dorc 
bullion or platniiferous gold. One great advan- 
tage is the rapidity of the process, as it brings 
98% of the gold to account in a marketable form 
in a fe^v' hours. The plant costs litlhi and the 
running costs arc low'. 

Properties of Gold. — The characteristic 
yellow colour of gold is made redder by the 
presence of copper and paler by the presence of 
silver. ]n certain pro])ortiona the efloct of one 
of the tw o metals neutralises that of the other, 
in a finelv divided state, when prepared by 
volatilisation or precipitation, gold assumes 
various colours, such as deep violet, ruby and 
purple. “ Faraday’s gold ” is a ruby coloured 
sf)lution of colloidal metallic gold in w'atci 
(Zsigmondy, Annalen, 1898, 301, 29; J.O.S, 
1912, 102, ii, 508). Molten goLl is green. 

Gold is the most extensible of all metals, and 
can be reduced by hammering to a thickness o] 
Cj-(KMJ() 8 mm. Its raalleabihty and ductility ar< 
reduced by the presence of impurities, of which 
bismuth, lead and tellurium have the mosl 
striking effects. Gold containing 0-25 per 1,00( 
of bismuth is brittle. The melting-point o' 
pure gold is 1063°, but if it contains 0-2% ol 
tellurium, it softens at 432°, the melting-point 


Gold is uiiaffocted by the air at all tempera- 
■ures and can be melted and solidified without 
being changed. In large pieces, it is not per- 
■eptibly attacked by alkalis or by mine, sul- 
[ihuric or hydroehlorio acid, but, w'hcn iinely 
livuled, it is slightly soluble in boiling HCI 
iiid in boiling HNO3. freely soluble in 

aqua reqia or other inivtiiri'S, (‘volving one 
of the halogens, and more slowly in cyaniile 
solutions in tlie presence of air. Its coinjiounds 
are generally formed with dillieully and decom- 
posed very easily with the liberation of tlie nu'lal. 

Alloys of Gold. — Tlie gold coiqu'r alloys are 
harder, more fusible, of higher tensile strength 
and less malleablr and dm tile than juire gold. 
The metals are miscibU' in all linqjortions when 
molten and on solidilieatioii separate only to a 
slight degree. Th(‘ first ndditioiis of eojiper to 
old eaiise a rapid low ering of the meUiiig-point, 
the minimum of 881° being reached at thi' brittle 
alloy containing gold 82'’(), eoj»[)er 18%. On 
cooling the solid sobdioii of gold and copper 
which exists at high fmnperatures, gradual 
decomposition occur s with the formation of the 
compounds AuCu and AuCua (Hanghton and 
Kayne, J. Inst. Metals, 1931, 46, 457 ; JCurnakov 
and Ageew, ibid. 481 ; Griibe, Z. anoig. (fiiem. 

1931, 201, 41). Tlie transition point is not far 
below 490°. The compound AuCu is hard and 
brittle and alloys containing much of it cannot 
be rolled or drawn. The ellcets are pronounced 
in the alloys containing 50-75% gold hut are. 
reduced by quenching (liJ. A. Nniith, Metal liid. 

1932, 41, 28). The densities of the alloys when 
c-ast are as foUows (lloilsema, Z, anoig. Cbem. 
1904, 41, 05) : 


3’ropoition of gold, Di'iisily. 

100 19-30 

91-60 17-35 

90-0 17-17 

75-0 14 74 

58-3 12 09 

25-0 10-03 


The densities of gold wares, which consist of 
triple alloys of gold, silver and copper, arc 
higher. 

(iold-ailver alloys are soft, malleable and 
ductile and all their properl ies are intermediate 
between those of gold and silver. Tlie colour is 
dominated by the silver, the alloy containing 
37-5% of gold being only just distinguishable 
in colour from pure silver. Alloys containing 
not leas than 05% of silver are almost com- 
pletely parted by boiling nitric or sulphuric acid, 
the silver being dissolved and an allotropic form 
of gold left behind os a brown sponge or powder 
(Hanriot, Bull. Soc, chim. 1911, [iv], 9 , 139, 
339; Compt. rend. 1912, 155 , 1085). The gold 



no 


GOLD. 


obstinately retains about 01 ‘Jo silver, and 

on continued boiling in strong nitric acid 
some gold is dissolved whilst the proportion of 
silver is reduced very slowly, 'fhe presence of 
copper facilitates the action of tlie acid hut does 
not alter the linal result. 

Amalgams or alloys of gold and mercurj'- are 
formed at ordinary tcm}ieratiire8 by direct union 
of the two nietalH. Mercury dissolves 
of gold at 0" and 0 12()% at 100"' (KaaantsefF, 
liiill, iSo(‘. (him. 1878, |iij, 30, 20), and gold 
absorbs mercury, forming a silver-w^hite solid 
alloy containing about 4i)% of gold. At 440° 
most of tb(‘ mercury is removed by volatilisa- 
tion, the rc3siduc containing about 75% of gold 
At a bright red heat, almost all the remainder 
of the mercury is distilled off. In the alternative, 
the mercury (‘an be removed by dissolving it in 
nitric acid. Parravano (Gazzotta, 1018, 48. 
ii, 12.'{) states that gold amalgams contain at 
least two compounds, AugHgg and Au^Hg {cf. 
Paal and 8tey(jr, Kolloid-Z. 1918, 23, 14.5); 
Plakfiin (Am. Inst. Anal. Chim. Leningrad, 1928, 
4, 3, '10) gives the compounds as AuHgj and 
AujHg. 

(Jold-iron alloys are hard but malleable and 
ductile (Isaac and Tamilian n, Z. aiiorg (3iem. 
1907, 53, 281; Nowack, Z. Metallk. 1930, 22, 
97). Alloys containing between 15 and 20% 
ol iron are used in j(5W('llery in Franco under the 
name or gria. Their colour is greyish-yellow 
and they melt at temperatures higher than that 
of pure gold. Or bleu contains 25% of iron. It 
melts at a temperature of 1,100°. 

Gold forma a brittle purple compound with 
nliiminiiim, AuAI^ (aluminium 21 -5% ) (Heyeock 
and Mevillo, J*hil. Trans. 1900, A, 194, 201 ; 
1914, A, 214, 207). The comxiound AuZn, con- 
taining 25% of zinc, is of a pale lilac colour and 
is also brittle. The compounds Au,.,Zn and 
AuZn^ also exist (Soldnu, J. Inst. Metals, 1923, 
30, 351 ; 1920, 30, 454). Zinc removes gold 
from molten lead, and aliiminniin has the same 
property, the compound formed being AUAI 2 . 

Uses of Gold . — Gold is used in the form of its 
alloys with copper, silver, etc., in the maim 
facturo of coin, plate and jewellery. Gold leaf 
is used for gilding by hand and potassium aiiro- 
cyanido is used in gold plating baths. Gold 
is also used in photography (in the form of 
sodium chloroaurate) ; in dentistry (as alloys) ; 
in modicino (as the cliloride) ; and in the manu- 
facture of mirrors for reflecting purposes. In 
the form of Purple of Cassius, and as leaf it is 
used for colouring and decorating glasses, glazes 
and enamels. Gold lace consists of extremely 
fine strips of gold twined round silk and contains 
about 2-5% of gold by weight. A large propor- 
tion of the gold production remains in the form 
of refined ingots which are used in inteniational 
exchange. 

Oaild Wares. — The alloys used in the manu- 
facture of gold wares consist of gold, silver and 
copper. The wares are usually made from 
rolled plates which are cut out by punches and 
atruck between dies, The pieces are fitted 
together by hand, usually by means of soldering. 
Solders have fusion points low^er than the gold 
objects with which they are to be i^gied. They 
usually contain gold, silver, copper, zinc and 


cadmium in proportions varying according to the 
colour of the alloy required. Decorative work 
is carried out by hand-hammering, engraving, 
chasing, etc. The W’arcs are “ coloured ” or 
pickled by a process which removes the silver 
and copper from the surface and leaves a coating 
of pure gold, afterw ards burnished. In pickling, 
the wares are heated to redness in air and the 
blackened surface is removed by boiling in 
dilute sulphuric or nitric acid, after wliich the 
colour is improved by immersion in hot mixtures 
of nitre, common salt, alum, etc. In the United 
Kingdom the 18-carat alloy (i.e. gold) was 
introduced in 1477, the 22-earat alloy in 1573, 
and the 15-, 12- and 9-carat standards in 1854. 
In 1932 the 15- and 12-carat alloys wore 
abolished as legal standiirds and in their place 
a new standard containing 585 gold per 1,000 
was adopted, closely approximating to 14-rarat 
gold (583-3 parts of g(dd per 1,000). The 9- 
carat alloys are used for the greatest amount of 
jewellery. They ofler much scope for variations 
in colour. In addition to silver and copper the 
alloying metals include zinc, cadmium, nic’kel 
and occasionally iron. A small quantity of 
zinc is fretiiicntly added in the form of brass 
(“ compo ”). Tho zinc acts as a dooxidisor and 
assists in producing sound metal. The 14-oHTat 
alloys are also mueb usi'd. Annealing at too 
high a tem))(uatTire, say above 050°, or for loo 
long a time impairs tho w^irking qualities of these 
alloys. Quenching at above 500° results in a 
greater dcgr(*c ol softness. Zinc is often added 
to both 14- and 18-carat alloys as a dooxidisor 
and dcgasiticr (C)artcr, Anicr. Inst. Min. M(‘t. 
Eng., Tech. Fubl. HO; E. A. Kmilh, Metal Iiid. 
1931,39,123; 1932,41,28). 

Imitation gold wwires sometimes consist of 
alloys of copper with aluminium, zinc, etc. 
“ Jlollcd gold ” (E. A. Smith, J. Inst. Metals, 
1930, 44, 176) IS made by sweating or sokh^ring a 
sheet oi‘ gold alloy to a sheet of silver or base 
metal and then rolling. In “ gold filled ” ivaros, 
a gold sheet is soldered on each side of the base 
metal b(*fore the rolling. Elcctro-gdding is 
carried out in baths containing potassium auro- 
cyanide with anodes of pure gold. Various 
colours of the deposit may be obtained according 
to tornperaturo and current density (Sizelove, 
Monthly llev. Amer. Electroplaters’ Soc. 1931, 
18, 45). Gilding by simple immersion in hot auro- 
eyani(ie solutions is also practised. In mercurial 
gilding, gold amalgam is brushed over the surface 
of articles and the mercury driven off by heat. 

Oold Leaf contains from 90 to 98% of gold, 
the rest being silver and cojiper. The metal is 
last into little flat bars which are rolled out with 
frequent annealings until about 0-33 mm. thick. 
The strip of gold is then cut into pieces of 1 in. 
square and these are interleaved with velhiin 
and beaten with a 16-lb. hammer to 4 in, 
s(xuare. They are again cut up and beaten out 
between gold-beaters’ skins. Tho book of 25 
leaves, each about 3^ in. (8-25 cm.) square, con- 
tains from 4 to 10 grains (0-26-0-()5 g.) of gold. 
The leaves are from 0-00008 to 0-0002 mm. thick. 

T. K. R. 

GOLD, THE COMPOUNDS OF.— 

The chief classes of gold compounds are the 
aurouB compounds in which the metal is uni- 
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valent and the auric compounds in which it is 
tcrvalcnt. There is an intermediate class, 
iiuroauric compounds, in the molecules of which 
there are equal numbers of univalent and tcr- 
valcnt gold atoms. Whenever gold is in aqueous 
solution either in the aurous or auric conditions 
it IS always present as a complex ion and, as 
far as our present knowledge goes, there is no 
evidence for the existence in gold salts of the 
juirous (Au^) and of the auric (Au"*^^) ion. 
In it.s coinpouncls gold is always co-ordinated. 
In the typical aurous and auric compoiuids gold 
ja 2-covalcnt and 4-covalent, respectively, and 
then has the corrcspondnig effective atomic 
numbers of 82 and 84. Jn certain compouiifLs 
M’hich arc exceptional aurous gold may bo 4- 
covalcnt and auric gold may be f>-covaleiit ; and 
in both cases gold then attains an efl'cetive 
atomic number of 80, corresponding to the- 
atomic number of radon, the next inert 'gas 
(I)olhic, Llewellyn, Wardlaw and Welch, J.Cl.S. 
lO.'lO, 420; Brain and Gibson, ibid. 1939, 702). 
lU'ccnt investigation H indicate tliat such com- 
])ouruls as auric bromide, auric cliloridi', aurous 
i)ronnde, aurous chloride and aurous cyanide arc 
not salts but are non-clcctrolytes. They an^ co- 
ordinated compounds in which the gold atom 
lias a co-ordination number of four or two, 
dcjicncling on whether it is in the auric or aurous 
< oriditioii. This conception involves a revision 
ot the constitution of many gold compounds. 
This may involve in some cases a change of 
iKimcncl.'iture and, to emphasise the non- 
clcclrolylic, character of the above simple com- 
jioiMids, they may bo given the altcriiativo 
names of tribromogold, trichlorogold, mono- 
hroniogold, monochlorogold, monoiodogoJd and 
moriocyanogold respectively. 

Gold Tnbromide (auric bromide, tribromo- 
gold), is jircpared by adding slowly at least twice 
the theoretical quantity of pure bromine to a 
weighed amount of pure and finely jirecipitated 
gold contained in a wide month glass llask jiro- 
vidcd with a ground stopper. The bromine and 
gold are brought into intimate contact and only 
sufficient cooling to avoid undue loss of bromine 
is criqjloycd during the mixing. When all the 
hi online lias boon added the contents are allowed 
to stand at the ordinal y temperature for some 
hours in the stoppered flask. Tlio flask with its 
stopper removed is then allow^ed to stand over 
sodium hydroxide until bromine vapour is no 
longer evident in the apparatus. The residue, a 
comiiact dark-red crystalline mass, is pure gold 
tribroiiiide (Gibson and Colies, ibid. 1931, 2407). 

Gold tri bromide is decomposed by w'ator, 
aurous bromide and hydrobromoauric acid being 
produced. It is insolu ble in ether, in the presence 
of which it undergoes decomposition, aurous 
bromide being formed and the ether becoming 
brominated. It is also insoluble in ether con- 
f inning anhydrous hydrogen bromide and is 
sparingly soluble in bromine. Its molecular 
V eight in boiling bromine indicates that its 
molecular formula is (Au Bfjlj and its constitu- 
tion is conveniently represented : 


bXbX 


Br 

Br 


The magnetic siiscoptibility of gold tribromide 
at 19*^ is — 0-23 X 10““* e.m.u. On being 
heated in a closed ev^acuated tube, it undergoes 
dissociation below 100'^; the evolved bromine 
does not w'^holly recombine on cooling even after 
many months (Burawoy and Gibson, ibid. 1935, 
217). 

Gold tribromide is readily soluble in aqueous 
solutions of bromides and chlorides and such 
Solutions afford the most convenient 8ource.H 
of hydrobromoauric acid and its salts as well as 
of mixed chlorobromoaurates. 

Hydrobromoauric Acid, HAuBr^.SHgO 
(Lengfeid, Amer. Chem, J. 1901, 26, 324), may be 
conveniently obtained by the careful evapora- 
tion, finally under reduced pressure, over potas- 
sium hydroxide at the ordinary temperature, of 
a solution of gold tribromide in an arpieous 
lolution of hydrobromic acid. It crystallises 
n lung dark-red needles wdiieh are hygroscopic 
and soluble not only in w^ater but also in ether. 
When carefully lu'atcd it becomes anhydrous 
and is then insoluble in ether. 

The salts of hydrobromoauric acid with in- 
organic bases are best prepared by dissolving 
pure gold tribromide in an aqueous solution con- 
taining the calculated amount of the inorganic 
biomide and cvajiorating the solution to erystal- 
lisation in a dust-freo atmosphere. Although 
highly soluble, these di'Cply coloured salts, 
broinoaurates, can be rccrystalliscd from water. 
Many such salts are know'n and typical 
ones have the eoinpositions ; NH^AuBr^; 
NaAuBr4,2H20; KAuBr4,2H5jO; RbAuBr^; 
CsAuBr^; Mg(AuBr4)2,6HaO (Gibson, 
piivate comiiiunieation) ; Ba(AuBr4)2. A com- 
pidiensivo series of broinoaurates of organic 
bases has been described by Gutbier and Hubei 
(Z. anorg. Chem. 1914, 85, 383). The A-ray 
examinations of the potassium salt have been 
carried out by Cox and Webster (.1.0. IS. 1930, 
1636), 

Co-ordination compounds of gold tribromide 
wnth suitable organic bases can bo prepared 
either by the direct interaction of the gold 
compound and the base or by the following 
reaction : M Au Br^-i B-- M Br+ B- Au Bfg (M — 
miivalont metal) (Gibson and Colies, Lc.). The 
following are the constitutional forniuhe of some 
of these non-elcctrolytic 4-covaleiit auric com- 
pounds : 




-Br 


Br/ '^Br 

PyridiiKitrilironiu- 

gold. 


CgHjN 


.Br 


.Au/ 

Bf/ ^Br 

Quinolino- and iso- 
qui iiuliuo- tri bromogold . 


(2)H,NC,H,N^ / 


.Au<: 

Br/ ^ 


Br 

Br 


2-AmiiiopyridlnotTibromogold. 


-Br 

/C.H.N-^-Au-^Br 
^ \Br 

HN'(2) 


\ 


/ 


Br 


CBH4N->-Auf^Br 
Dl-2-pyTldylamlnotrlbroinogold , 
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These co-ordination compounds are all deep 
red in colour and highly crystalline. They are 
stable and although sjiaringly soluble they can 
bo rccrystallised lrf)in soIventH, p.g. chloroform 
and caiboii tetrachloride which do not undergo 
oxidation or bromination. 

When etbyleriediamino is used in the above 
icaction the solution becomes pale yellow, and 
on addition of alcohol diethylenediammogoUi 
iribrornidc (diethylenediaminoaunc bromide) 

~ HjjN NHa" 

I \ ^ \ 

Au ^2^4 

I z'' ^ I 
1/ \l 

HgN NHj 


Gold Trichloride (auric chloride, trichloro- 
gold) can ha obtained by the direct action of a 
large excess of chlorine on finely divided pure 
gold (Rose, J.C.S. 1895, 67, 905). The reaction 
can be carried out even at 1 , 100°, although in the 
absence of excess of chlorine gold trichloride is 
completely decomposed at a lower temperature. 
The most convenient way of preparing the com- 
pound is by heating pure hydrochloroauric acid, 
HAu 01^,31-120, at 200° in a current of dry 
chlorine (Diemer, J. Amcr. Chem. Soc. 1913, 35, 
555). 

Gold trichloride forms small, deep claret-red 
prismatic crystals (Pope, J.C.S. 1895, 67, 906). 
it is deliquescent and dissolves in water; from 
this solution by careful evaporation at the 
ordinary temperature orange-red crystals of the 
so-called dihydrate, AuCl3,2H20, separate. 
This in all i)robability is a salt, 


crvKtalliHes in yellow glistening needles This 
salt, in which auric ami 4- covalent gold is jiart 
of a complex tervalent cation, like i.he co- 
rirdination com pounds d(‘Scribed above, is 
deerim posed by hydroliromic acid, hydrobromo- 
auric acid and the hydrobromide of the base 
being formed. 

By recrystallisation of tin compounds of the 
type, E'AuBry, from the licjuid base' It, salts 
of the type (lt2AuBr2)Br are Jormed. The 
compound difyridiiiodilnomogold bromide, 


/Br-I 

>u( 

\BrJ 


Br, 


is a dark-red, crystalline, soluble salt which on 
being heated first loses a molecule of pyridine 
and is converted into the non-elcetrolyte, 
pyridinoinbromogold, already mentioned. 

DiethvleTiediamiiiogold tri bromide (di- 
ethylenediammoaurio bromide) is analogous to 
the colgiurless crystalline salt tetramminoaiiric 
nitrate, [Au (N H^) Jtbl03)., (Weitz, Annalen, 
1915, 410, 117) whn 'll IS ])repared by adding a 
dilute solution of hydrochloroauric acid saturated 
with ammonium nitrate to a saturated solution 
of ammonium nitrate, treating the mixture with 


HoO. ,CI 

■ X 

^Cl 


diaguodichjoronunr chloride ; it is not stable and 
tends to decompose, yielding aiirous ehloride 
(gold monochloride, inonoehlorogold) and hydro- 
ehloroauric acid. 

The molecular weight of gold ttiehloridc be- 
tween 150" and 260° corresponds with the 
jormula (AuCl3)2 I'lRfher, Z. anorg. Chem. 
1929, 184, 333) and its constitution is analogous 
to that of gold trihiomido (p. lib/). 

The volatilisation and dissociation of the com- 
pound have been studied by a number of in- 
vestigators, particularly Rose (^.r.)and Ephraim 
(Her. 1919, 62, 24J). At atmosjiheric pressure, 
gold trichloride dissociates into aurous chloride 
and chlorine at 254-256“, further decomposition 
of the aurous compound taking place at 290°. 

The statement fretiuenlly made that gold tri- 
chloride (auric ehloride) is soluble in alcohol, 
ether and other organic solvents is not correct. 
Willstattc-r {ibid. 1903, 36, 1803), who stated that 
gold ehloiide is soluble in ether, was investi- 
gating the properties of hydrochloroauric acid, 
HAuClj.SHjO, and this conijiound (sec below) 
is soluble in ether. Many of the properties 


ammonia and washing the precipitate with w atiT. formerly ascribed to gold trichloride are those 
It can be recrystalliscd from warm water, of hydrochloroauric acid ami of sodium chloro- 
Examplos of other salts which have been aiirate, and by “ gold chloride ” pi certain 
obtained are : the phosphate, RP04,H20, the recipes relating to the photographic process, etc., 


oxaloiiitraie, RN 03(6204), the perchlorate, 
R (0104)3, the oxaloperclilorate, RCi04(G204), 
the chlorate, R (6103)3, sulphatoiiitrate, 

R(N03)(S04), and the chromate, R2(Cr04)g 
where R"-[Au (N H3)4]++'''. All these salts are 
highly stable in the solid condition and retain 
their ammonia even in the presence of concen- 
trated acids. The salts with halogen acids, 
hydrocyanic and thiocyaiiic acids have not been 


is frequently meant either hydrochloroauric acid 
or sodium cliloroauratc. In the older literature 
“ a solution of gold chloride ” generally means 
“ a solution of hydrochloroauric acid.” 

Gold trichloride is soluble in hydrochloric acid 
and hydrochloroauric acid is formed. When this 
solution is evaporated and finally left in a 
desiccator over potassium hydroxide the red 
crystalline residue has the composition 


obtained. 

Co-ordination compounds of goIH tribromide 
with organic sulphides are also known. Di- 
benzylsulphid^iribromogold, (67 H7)2S-^ Au Br,, 
is prepared by the action of bromine on dibenzyl- 
Bulphidomonobromogold {see below). It is a deep- 
red highly crystaUino non-electrolyte, soluble 
in benzene, m.p. 129° (decomp.J (Gibson and 
Tyabji, private communication). 


HAu6l4,3H20; 

this compound is soluble in ether but the 
anhydrous acid is insoluble in that solvent. 
Theoretically, the chloroaurates may be obtained 
by neutralising a solution of hydrochloroauric 
acid with the appropriate base. In practice, the 
chloroaurate is more conveniently obtained 
when an excess of the appropriate cation is 
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present as provided by a solution of the cblorido. 
Tho chloroaurates are also prepared by dis- 
solving gold trichloride in a warm solution of the 
appropriate metallic chloride. A large number 
of ebloroaurates have been described. The 
sodium and potassium salts, NaAuCl4,2H20 
and KAuCl4,2H20 respectively, are both used 
for toning silver photographic prints (Kebler, 
J. Franklin Inst. 1900, 150, 235; Johnson, 
J.S.C.I. 1901, 20, 210). The ammoniiiin salt has 
the composition N H4AuCl4,3H20. The brown 
orthorhombic cr^.stals obtained by Pollard 
(.IJy.S. 1902, 117, 99) by adding ammoniuin 
chloride to a solution of gold in aqua rfgia con- 
taining aninionium chloride, to \shieh silver 
nitruto has also been added, are evidently those 
of a complex salt having the comi>osition 
3 AgAuCl4- ( N H4)AuCl4*7N H4CI . The cal- 
cium, strontium and barium salts ha\e the 
general formula M (AuCl4)a,6H20. NiinieroiiH 
other inorganic salts have been described ; they 
are generally characterised by being highly 
ei ystalliiie, soluble in water and of a deep yellow 
or orange colour. Chloroaurates of many organic 
bases have also been jirejiared, siiu e tliese latter 
eoniiioiinds have, in many eases, been identifieil 
through their salts with hydroehlorc)auri(‘ acid 
Co-oidination compounds ol gold trichloride 
with 01 gallic bases art* aTudogous to the eorie- 
sjionding eom])OuiidH of gold tribromide and are 
prepariid by similar methods. A convenient 
method of preparing the yellow' pyndinotii- 
rhloroyohff 

Ck /Cl 
\Au/ 

CK 

{rf. FraiKjoi.s, Compt. rend. 1903, 136, 1657) is 
by dissolving Bodiuin acetate in an atpicous 
solution of hydioehloroauric acid (not neces- 
sarily fr(‘e from hydroeliloric acid) and adding 
1 mol. proportion of pyridine for each inoleciJar 
I)ro})ortioii of hydroeliloroaiirie acid. This non 
electrolyte may be reerystalbsed from non- 
uxitlisaiilo solvents which do not undergo 
ehloi illation. When reerystaUised from pyridine 
it is converted into the orange-coloured salt, 
d ipi/ruh nodichloroaur i c cJdoridf, 


The early work on this substance as well as on 
the corresponding acid and salts, iodoaiirates, 
needs rejietitioii (c/. Johnston, Phil. Mag. 1836, 
[ill). 9, 266). 

There is also little satisfactory evidence for 
the existence of the fluorine derivative of k‘r- 
\aleiit gold. 

Gold Monobromide (aurous bromide, mono- 
bromogold) produced by heating gold tribromide 
or hydrobromoaiirie, acid is alw ays likely to be 
contaminated with the metal. It can be ob- 
tained in a state of purity by heating mono- 
ethyldibromogold {sec p. 12brf) at 50" to constant 
weight (about 30 minute.s) the following reaction 
taking j)laee : 

C.2H5 ^Br 

>Au^ >u< -2CaH5Br | 2AuBr 
^Br/ ^Br 

As the molecular weiglit of the compound has 
not been determined the inoleeular formula 
.should for the time being be written (AuBr)^ 
and Ihe constitution is jirobably best repre- 
sent ed thus : 

Au — Br - > Au — Br -> Au— Br 

When the eompouiid is piepared by thi; above 
method (Hurawoy and Gibson, J.C.S. 1934, 
800 ; 1935, 218) it is obtaiiu'd in yellow ish -green 
crystals. It forms eo-ordiiiation eomjiouiitJs m 
whieli, as in the original I'omjiound, the aurous 
gold is 2-eovalciit. Examples ol such co-ordi- 
iiatiuii com])ounds arc pyndiuojiionohromoyold, 
C5H5N -V Au — Br (Hurawoy and Gibson, l.c. 
1935); thi compound with phosphorus tn- 
bromide, BPgP -> Au — Br; dibenzylsulphido- 
monobromogoldt (C7H7)2S->Au — Br (Gibson 
and Tyabji, 1937, private communication). The 
diammino rompoiind is a salt having the eon- 
stitution [H3N Au NHalBrand described 
as diamitnnoaurou s bromide. 

Hydrobromoaurous Acid has not been 
isolated but it is present in thcoictical quantity 
ill the solution obtained by reducing an ethyl- 
alcobobc solution of potassium bronioaurate by 
means of sulphur dioxide, the reaiJ-ion taking 
place being : 


Cl 

Cl 


^NC,H 


Cl 


KAuBr4t 


S02^ 2 H 2 O 

^HAuBr24 KBr+H 2 S 04 -} HBr 


TTic colourless solution jfl stable and if excess 


When this compound is gently heated it loses 
jiyridine and is converted into pyridinotri- 
elilorogold before undergoing more profound 
deconiiiosition. Co-ordmation compounds with 
dihciizyl sulphide and ahjihatic sulphides having 
the general formula R2S->-AuCl3 are well 
authenticated (Herrmann, J5er. 1905, 38, 2813; 
Smith, J. Amcr. Chem. Noe. 1922, 44, 1769; 


sulphur dioxide has been used it may bo ex- 
pelled by beating the solution on the water bath. 
It can be filtered from precipitated potassium 
bromide, and on long exposure to air, or con- 
siderable dilution with water, gold is precipitated 
and the solution becomes coloured owing to the 
formation of bromoaiirate (Brain, Gibson and 
Imperial Chemical Industries Limited, B.P. 


Bay and Sen, J. Indian (Jicm. Soc. 1930, 7, 
67). The so-called salts of gold trichloride with 
sulphur tetiachloride, selenium tetrachloride 
and nitrosyl chloride are probably co-ordination 
compounds analogous to pyridinotrichlorogold. 
Gold trichloride also forms a complex compound 
with stannic chloride. 

The evidence for the existence of the iodine 
derivative of tervalent gold is not conclusive. 


497746). 

Gold Monochloride (aurous chloride, mono- 
chlorogold) has probably a constitution analogous 
to that of the corresponding bromine compound, 
it is a yellowish powder formed by heating the 
trichloride at 170-180'' ; at higher temperatures 
further decomposition takes place (Rose, J.C.S. 
1895, 67, 881, 905; Campbell, Trans. Faraday 
Soc. 1907, 8,*103). It is insoluble in water and 


VoL, VI.— 8 
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ifl ulowly attacked by hydrochloric acid, gold 
and hydrochJoroauric acid being produced, 

3AuCI+ HCI -> HAUCI4 I 2Au. 

When an alcoholic polutiori of a cliloroaurate 
ia reduced with Huljiliur dioxide the aolution 
bceonicH paler in colour but docH not become 
colourlcaa and gold Mcparatcn alter Home time 
in (juantitativo amount. If hydrochloroauroua 
acid ifl formed it la evidently Jchs stable than 
hydrobronioaurouH acid (^ef> above). Certain 
salts of hydrochloroaurouH acid wliich have been 
described do not appear to have been definitely 
authenticated. 

A number ol co-ordination compoundH of gold 
inonoeldonde havci been deseribi^d ; examples of 
those are the compound with phosphorus tri- 
chloride, Cl;jP -> Au — Cl, and compounds of 
the general^ formiilie RgP-vAu — Cl and 
RgAs Au — Cl (Mann, Wells and Purdie, 
J.C.S. lb.'17, 1828) where R = alkyl group. These 
alkyl phosphine and alkyhirsine derivatives are 
volatile and the lornier yield lirilliant gold ilms 
wh(‘n their vapours are heated. Ammin<mono- 
cklorogold and dibevzglsulph idomonochlorogoUi, 
(C7H7)2S Au — Cl (Herrmann, Her. 1905, 38, 
2813) are compounds of similar type. 

Diamminoaurous Chloride (Kjdiiaim, ibid. 
1919, 62 [H], 241) is analogous to the corre- 
sponding bromine eomjioiind and is a salt having 
the constitution [N H3 -► Au N Ha]CI. Jn 
all these co-ordination comjxninds the aurous 
gold atom ia 2-covalent. Clompounds containing 
3 and 12 mol, of ammonia to each molecule of 
gold inonochloride have been dcseiibed {.see 
beJow). 

Hulpliur compounds structurally analogous to 
diamminoaurous chloride have been investi- 
gated by Morgan et al. (J.C.S. 1922, 121, 
2882; 1928, Mil), liy adding dimethyldithiol- 
othylcne, CH3S-C2H4-SCH3, to hyclrochloro- 
auric acid dissolvecf in ether the yellow dichloro- 
di methyl thiohthyleue a HTic chloride, (I) is precipi- 
tated and in the presence of moisture this 
is converted into dimethyldithiolethyleneaurous 
chloride (11). 

CHa— SMe. XI 1 

I )au/ Cl 

CHa— SMe^ XlJ 

I. 

CHa— SMe. “I 

I ) ' C 
CHa— SMe-^ J 

II. 

By interaction of hydrochloroauric aciil and 
ethylenethiocarbamide bisdiethyle neth iocarbami- 
doauroua chloride (III) is obtained in colourless 
crystals. The corresponding nitrate (anhydrous) 
and bromide (IHaO) and oxide arc also de- 
scribed together with the non-elcctrolyto ethy- 
lenethiocarbamidoiodogold (IV). From thiocar- 
bamide, Morgan and Ledbury obtained the 
colourless crystalline hiathiocarhamidoauraus 
nitrate (V) as well as the anhydrous compound 
(c/, Reynolds, J.C.S. 1869, 1). * 


rCH.HN 


.NHCHa 

/C:S->Au-<-S;Cv I 

/ \NHCH 

III. 


'jci,H,C 


CHj— HN. 

' >C-S-^Au— I 

CH,— HN/ 

]V. 


H,N NH, 

>C:S->Au/-S;C( NOo.H.O 

h,n/ \nh, 

V. 

The constitutions of the non-electrolytes 
(N*^q).iAuC 1 (Meyer, Comj)t. rend. 1906, 143, 
280), (N ^>3)2! P(OMe)3}AuCI (I^cvi-Malvano, 
Atti. R. Aesd. Lincei, 1908, 17, 867) do 
not necessarily eoriilict with the stable 2- 
covalency of the aurous gold atom and such com- 
pound.s may contain co-ordinated hydrogen 
atoms. On the other hand, em’tain investigators 
{rf. Mann, Wells and Piirdie, l.r.) regard such 
compounds as eon taming 4-covalent aurous 
gold {aee below). The siibslance stated to have 
the composition AuCI-12NH3 (Meyer, Comjit. 
nmd. 1901, 133, 815) and prepared by the action 
of ainnioriia on gold monodiloride at —28** 
easily loses ammonia and is converted into the 
stable diamminoaurous ehloride mentioned 
above. 

Fluorine has no action on gold at the ordinary 
temperature but is staled to corrode the metal 
at higliei temjieraturea. Jt is doubtful whether 
a eoinpound having the empiiical formula 
AuFg has been isolated and no corresponding 
aurous eomjiouiid has been described. 

Gold Monoiodide (aurous iodide, monoiodo- 
gold) lia\ mg tlie empirical iormiila Au I is 
prepared by the nelion in aqueous solution of 
potassium iodide on potassium ehloroaurato, 

KAuCl^f 3KI ->4KCI-yAul-f I 2 

The preeipilated conipf)nnd is freed from ad- 
mixed iodine by gently w arming (35'‘) ; unless 
special preeantions are taken metallic gold is 
generally present. If excess of potassium iodide 
is used some gold remains in solution indicating 
the possibility of the formation of a salt, KAUI2 
or KAu I4 ; but Hueh compounds have not been 
isolated. 

Aurous iodide is a j'^ellow erystallme powder 
wliieh is decomposed by hydriodic acid and by 
an aqueous solution of potassium iodide, metallic 
gold being produced. It has been suggested that 
hydroiodoaurie acid (or the potassium salt) may 
be present in the solution 

3Aul+HI -> HAUI4+2AU. 

Like other aurous halides aurous iodide forms 
compounds wuth ammonia of w’hich the most 
Rtablo is amminomonoiodogold, H3N -> Au — I 
(Meyer, l.c.). Triethylphoaphinomonoiodogold, 
(C2 Hjj) 3 P Au — I, m.p. 40°, tri-n-hutylphoa- 
phtriomonoiodogold, (C4H9)3 P Au — I, b.p 
220-225°/0-2 mm., and irirmthylarsinomonoiodo- 
gold, (CH3)3 As -> Au — I, m.p. 176-178° (Mann, 
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Wells and Purdie, l.c.) are stable compounds 
and afford further examples of the 2 -covalency 
of auroiis gold. 

There is some doubt eoneemmg the existence 
of the so-called aurosoaurir bromide and chloride, 
(-onipounds hti\jng the general empirical formula 
AuXjj- these compounds has been 

adcfiuately described, but there is reason for 
l)eli(‘ving that they may be capable of existing 
niider certain conditions and if so it is suggeated 
tliat their constitutions may be represented 
thus : 

X 

XAu<-XAu^ 

X 

I 

Au 


X Au X Au ^ X Au-X 
X X 

I 

Au 

X 

I 

/ as a zig-zag chain containing alternate ter- 
\idtiit and 4-covalcnt auric gold atoms and 
iiiuvahMit and 2-co valent aurous gold atoms. A 
lornierly suggested constitution, AuiAuX^], 
icpicscmting the compounds as aurous salts is 
niucli less probable. 

Cyanides. — In the prc'sence of air or oxygen 
^old dissolves in an acpicous solution of potas- 
sium (sodium) cyanide, the following reactions 
fuhmg place : 

2Au I 4 KCN + 2 H 2 O 1 O 2 

-2KAu(CN)2 1 2KOH | H 2 O 2 

2AUT4KCN 1 H 2 O 2 2KAu(CN)2H 2KOH 

This is the basis of the McArthur- f^orrest process 
(IiSK7) most extensively used in gokl extraction 
(7 r ). The gold goes into solution as the 
jKftas.^iKm {sod linn) aurocyanidc which can bo 
obtained in colourless crystals by careful 
c\ iipoiatioii of a solution of gold monocyanidci 
(auious cyanide, monocyanogold, sec below) con- 
tnining the calculated quantity of potassium 
(.sodium) cyanide. 

Gold Monocyanide (aurous cyanide, mono- 
cyanogold) was originally prepared by adding 
hydrochloric acid to an aqueous solution of 
jiotassiuni aiirocyanido, carefully evaporating 
the solution to dryness and washing the product 
with water. It is obtained pure as a somewhat 
yi-llowi.sh powder by gently heating the dialkyl- 
monocyanogold compounds (see below) above 
thiir melting-points. Its raolecidar weight has 
not yet been determined and the molecular 
formula sliould ho written as (AuCN)n, its 
constitution being represented thus, 

— Au— C=N Au— C=N ^ Au— C=N -► 

(Gibson, Proc. Roy. Soc. 1939, A, 173 , 160; c/. 
West, Z. Krist. 1935, 90 , 555). 

Potassium Aurocyanide, KAu(CN)a {see 
above) ^ is obtained by crystallisation of the aurous 


solution prepared by dissolving gold in the 
prosoncG of air or oxygen in an aqueous solution 
of potassium cyanide or by crystallising a 
solution of aurous cyanide in aqueous potassium 
cyanide solution. It is present in the atpuMULs 
solution obtained by the addition of potassium 
cyanide to hydrochloroauric acid. It is a colour- 
less crystalliTie salt which yields colourless solu- 
tions in water (solubility, 14-3 g. in 100 e.e. at 
the ordinary temperature and 200 g. m 100 e.e. 
at 100°). According to Rose and Newman 
(*' The Metallurgy of Gold,” 1937, p. 73). the 
aqueous solution of potassium aurocyanide u.sed 
for the t'lectro-depoBition of gold may lie ])re- 
pared (i) by dissolving the ” fulminating gohl,” 
precipitated by adding ammonia to liydro- 
chloroauric acid, in potassium cyanide, or ( 11 ) liy 
dissolving purified auric hydroxide {see below) 
m aqueous potassium cyanide, or (ni) bv passing 
an electric current through an aqueous hoIuIjou 
of potaasiiim cyanide using a g(»l(l anode. 

The piccipitation of gold from atiucous solu- 
tions oi‘ potassium (sodium) anroi yaiiidc ulm h 
can be represented in its simplest iorm liy the 
equation 

Znd 2 KAu(CN)2 K2Zn(CN),,4 2Au 

is used iudustrially. Oth(T metals more electio- 
poHitivc than gold may he used. Oxalic acid, 
sui])hurouB acid and mcrcuious cldoii»Ic arc 
8 tat(‘d to ]>reci])itate aurous cyaiiKh* from 
aiiueous solutions of potassium aurocyanide*. 

Aurocyanidcs of sodium, ammonium, calcium, 
harium, zinc and cadmium have been ])rc|)aM‘d. 
Like potassium aurocyanide, all these yield a 
precipitate of aurous (yanide with evolution of 
hydrogen cyanide xvhen trcab*d with *inin(‘ral 
acids. Co-ordination compounds of |)otassium 
aurocyanide with 2 : 2 '-dipyridyl and ‘j:.'‘)-(o-) 
phcnanthroliiic m which the aurous gold atoms 
are 4-eo valent have been invesiigatcd by I)»)l liic, 
Llewellyn, Wardlaw and VVT'kh (d.t'.S. 1939, 
426). 

The eyano derivative of tervaleut gold (auric 
cyanide) has not been prc[»an'(l. 

Potassium Auricyanide (potassium cyano- 
aiirate), 2KAu (CN)4,3H.20, is described as 
being obtained in colourless cryslalH by adding 
an aipionus solution of potasHiiim cyanide to 
sodium chloroaurate until tin; jirecijutale IbrJiu'd 
redis 8 o)ve>s, and carefully evaporating the solutiou 
w’hich should bo eolourless (.^cc Totassium 
Aurocyanide). Derivatives of potassiuiii auri- 
eyanidc (cyaiioaurate) in which the cyanogen 
radical is replaced by halogens (not iluorine) 
have been described (Lindbom, Ber. 1H77, 10, 
1725). 

Oxides of Gold. — The lower oxide of gold, 
which would be expected to have the era])irical 
formula AugO, does not exist. A critical and 
experimental review of the composition of the 
material prepared as described by T'"iguier (Ann. 
Chim. rhys. 1844, [iiij, 11, 339), by Kruss 
(Annalcn, 1887, 237, 276) and by his own more 
suitable methods has been made by Pollard 
(J.C.S. 1926, 1347), who concludes that material 
described as “ aurous oxide ” is a mixture of 
gold and auric oxide (AUgOg) and does not 
exhibit reactions of aurous compounds. 

Gold T riflydroxide (auric hydroxide) having 
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tho empirical formula Au(OH)3 i8 obtained 
(i) by heating an aqueous solution of hydro- 
chloroauric acid with excess of magnesiuin oxide 
and washing tho precijiitate thoroughly with 
dilute nitric acid, (ii) by adding an aqueous solu- 
tion of potassium hydroxide to one of hydro- 
chloroauric acid until tho precipitate just rodis- 
solves, boiling the dark brown solution until the 
supernatant liquid becoriics pale yellow, adding 
a slight excess of sulphuric acid and washing the 
precipitate. It may be lurtber purified by dis- 
solving the precipitate in concentrated nitric 
acid, precijiitttting finally with water and drying 
under reduced pressure. 

When allowed to stand over phosphorus 
pentoxido it is converted into a substance which 
has becui described as auryl hydroxide but which 
may be the unstable auric acid, H[Au02|. 
When the trihydroxidc is heated at 140" it is 
conviTted into auric oxide, AU2O3, a brown 
powder (Kruss, Annalen, 18S7, 237, 290). 

When auric hydroxide is warmed with 
alcoholic potassium hydroxide it is reduced to 
the metal, which is irequently deposited in small 
glistening scales used in meducval times in 
jiaintiiig miniatures. By the action of hydro- 
chloric and hydrobroinic acids, auric hydroxide 
is (!oii verted into hydroehloroaiiric and hydro- 
bromoaiiric acids respectively. 

Auric hydroxide is soluble in an aqueous solu- 
tion of jiotassium hydroxide and tins solution 
on evaiioration at the ordinaiy temperature 
und(U’ reduced pressure yields small pale-yellow 
needles of potanmum auratr, KAu02,3H.20. 
Aqueous solutions of this salt are strongly 
alkaline. Tho corresponding barium salt, 
Ba(Au02)2.5H20, 18 Sparingly soluble in 

water. Other salts arc also known. 

Tho so-called auroauric oxide having the 
empirical formula AuO, and which would 
correspond to halogen compounds having the 
general empirical formula AUX2 {ftee above), is 
described as being produced by heating auric 
hj-^droxide at IGO" (Kruss, Ber. i88(i, 19, 2541). 

Sulphides. — It would appear that tho early 
work (Ditto, (Vmipt. rend. 1895, 120, 32(1 ; IjCVoI, 
Ann. C3iim. Phys. 1850, [lii], 30, 355 ; flolTmann 
and Kriiss, Ber, 1887, 20, 2074) on the com- 
pounds of gold and sulphur ha\ ing the empirical 
formula* AU2S and AuS, respectively, and pro- 
duced by the action of hydrogen sulphide on 
solutions of auroeyanides and ehloroaiirates, 
respectively, needs revision. I’hc salt, sodium 
avrosulphide, NaAuS,4H20, corresponding to 
a sulphide, AU2S, is obtained by heating metallic 
gold with sodium sulphide and sulphur, extract- 
ing the fused mass with w'ater, filtering and eva- 
porating tho solution in an inert atmosphere at 
the ordinary temperature. The salt crystallises 
in colourless nionoclinic prisms which rapidly 
become brown on exposure to air. Tlic solution 
of gold in “ liver of sulphur ” was known to 
Glauber and Stahl. 

Auric Sulphide, AU2S3, was described as 
being obtained as a deep yellow precipitate by 
treating anhydrous litliium chloroauratc with 
hydrogen sulphide at —10° (Antony and Luc- 
ohesi, Gazzetta, 1890, 20, 601 ; 1891, 21, ii, 
209), but this method of preparation seems 
unlikely to lead to a pure prodhet. Gutbier 


and Diirrwkchter (Z. anorg. Chem. 1922, 121, 
266), who could not prepare tho other sulphides 
{see above), obtained the pure auric sulphide by 
passing a rapid stream of hydrogen sulphide 
at —2° through a dilute (less than 2%) solution 
of hydroehloroaiiric acid in A^-hydroridoric acid. 
It is a dark-coloured powder soluble in sodium 
sulphide forming sodium aurisulphide having 
probably the formula NaAuS2 analogous to 
NaAuCI^. It is also soluble in potassium sub 
jihide solution. 

Fulminating Gold. — There are several 
varieties of the explosive substances known by 
the historic name of “ fulminating gold.” 
Karlier w'ork on this difficult subject (Dumas, 
Ann. Chim. Phys. 1830, |ii], 44, 167; Raschig, 
Annalen, 1886, 235, 341) has been the subject of 
a critical review' and a detailed expc^riinontal 
stmly by Weit/. {ibid. 1015, 410, 117-222). 

Some of the better known “ fulminating 
golds ” (if individual siibstnnees) contain 
halogen in adilit.ioii to nitrogen, wdiich must 
always be present. The greyish precipitate 
obtained by the action of cixeess of ammonia on 
an aqueous solution of hydrochloroauric acid 
appears to be a mixture {A) of two eompoimds 
to which the lonnuhe AugO^-SNHg {sf^squi- 
amnunoauric oxide) and HN;AuCI-N Hg {amiuo- 
imivoaiirK, chloride) have been assigned. As- 
suming tile eorrertnesH of sneh formula* for 
explosive siibstaiiees, it is not surprising that 
they do not necessarily conform to the formuhp 
of normal gold compounds. The yellow' precipi- 
tate obtained hy adding a dilute solution of 
hydroehloroHuiie acid containing ammonium 
chloride to a cold saturated solution of am- 
monium eliloiide containing ammonia is stated 
to be an individual and to have tho formula 
Au(NH 2)2CI (diammoaunc chloride) and is 
not explosive. This tonipound is stated to 
oonl am water, hut the compound itself may be a 
normal auric comjiound having the constitution : 


H2N 

H2N 


Au 


/Clx^ 

r /Au 

''CK 


/ 

\ 


NHjs 

NH, 


Treatment of this compound W'ith an excess 
of water funiislies an explosive compound con- 
taining no halogen and to which the empirical 
formula 3AuO'2N H^.nlHgO has b(*cn assigned, 
and such a formula docs not appear to be that 
of a normal gold compound. 

One of the most sensitivo of the ” iulminating 
golds ” has been given theformula AUgOg^N Hg. 
It is a black substance the eonatitiition of w-hieh 
cannot be formulated as that of a normal auric 
compound. ]t is obtained by treatment with 
hot water of sesqviarnminoavric hydroxide, 
2Au(OH) 3-3NH3, which is itself obtained by 
the action of excess of ammonia on the mixture 
{A) mentioned above. 

In the light of our present information, the 
proposed classification of “ fulminating golds ” 
into two types of compounds in which the atomic 
ratios of gold to nitrogen are respeetixcly 1:1 
and 2:3 cannot be adhered to rigidly. It is 
probable that more satisfactory knowledge 
regarding the constitution of “ fulminating 
golds ” may bo obtained, as indicated by Weitz 
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{I.C.), by a further study of tetramminoauric 
conipounds some of which have been referred 
to above. Alkaline aqueous solutions of tetram- 
luinoauric nitrate on standing yield explosive 
precipitates. 

One variety of “ fulminating gold ” has been 
prepared by a reaction which may be repre- 
Bcntecl thus : 


auric hydroxide in nitric acid (density, 1-4 
and to which ho gave the formula 

AuO NOg.SHjO 

may not bo a salt ni the strict sense of the 
term ; in accordance with the 4-covalency of 
tervalcnt gold its constitution may be written as 


HAuCl4+6NH,+ 3H.p 

= 4NH4CI+[Au(NH3)2(OH)2]OH 

It is a yellow precipitate, explosive but not so 
sensitive as other varieties mentioned above. 
The compound may be diamminodihydroxy- 
aunc hydroxide having the constitution : 


HaN^ /OH I 

_H3 N^ ^ohj 


OH 


Salts. — Since gold docs not yield salts coil- 
1 , lining either auroiis or auric ions the existence 
ol such compounds as the so-called aurous sul- 
ph.ite, auric suljihate and auric chromate is very 
(h)iihttul. Oil the other hand, JSchottlander 
{ibid. IHH.'t, 217, 312) by the action of conceu- 
ti.itcil suljihuric acid on “aiiryl nitrate” {see 
hhnr) at 200"' obtained yellow octahedra of 
\\hat he described as attryl hydroftulphatc, 
AuO-HSO^, When this compound is treated 
^^ith one-tenth of its weight of potassium 
hydrogen sidphatc and the mixture evaporated 
at lMM) it yields yellow rhombic crystals of what 
be described as potafiHium d is uJphatoa urate. II 
also [uepared the correHXJOiiding silver salt. The 
(‘oust itiit ion and systematic! name of each of 
thcs<‘ substances may be respectively, 


Ok /O. 

H /S< >Au O 

()\\ siil|)}i:itoani ic a( Id. 


/O. /O. 

^A,j/ 

o 

Potassium diHiilidialoa urate. 


bor similar reasons, the existimce of eom- 
jiounds which have been described as aurous 
and auric nitrates must be regarded as doubtful. 
Again, on the other hand, Schottlilnder (/.c.) 
obtained golden-yellow triclinic crystals oi 
fii/dronilrafoauric acid by cooling the solution 
ol auric hydroxide in nitric acid (density, 1-5) 


0=Au/ '>N 


or, less likely, as 


O-Au^ >N -O 


A number of complex sulphites have been 
dcseribed. Oiu! of these (Ilimly, Annalen, 1840, 
59, 95) having the formula Na^Au (803)2,214,0 
may be an aurous compound having tlio 
constitution : 


Na. \S-0— Au— O— 

-O O 

Th( yellow compound having the formula 
Na5Au(S03)„5H20 

(Oddo and Mmgoia, Gazzetta, 1927, 57, 820; cf. 
Rosenheim, llertzmann and Pntze, Z. anorg. 
Cheni. 1908, 59, 198) and which is prepared by 
neutralising hydrochloroauric* acid with sodium 
hydroxide and adding a solution of sodium sul- 
phite, filtering and precipitating with alcohol 
may, bearing in mind its colour, be an auric 
compound having the eonstitution : 

O O 

s 

I 

o 

0\ I /O 

Na, >S-0-Au-0-s/ 

o I o 

o 


o o 

The corresponding potassium salt has also been 


in a freezing mixture. The same aeid was 
obtained by Jeffery (Trans. Faraday Soc. 1916, 
11, 172) by electrolysing nitric acid (1:2) using a 
poions pot and a gold anode and evaporating 
tile yellowish- brown anodic solution over sul- 
phuric acid and sodium hydroxide. The acid is 
dccomijosed by water and both authors assign 
to it the formula H [Au (N 03)41,3 HgO, 
analogous to hydrochloroauric and hydro- 
bromoauric acids, H [AUX4I.3H2O. The am- 
monium, potassium and rubidium salts have 
been described by Schottlfl-nder. 

The auryl nitrate which Schottlilnder (/.c.) 
obtained as an amorphous mass by dissolving 


prepared. 

Sodium Aurothiosulphate. Fordos and 
Gelis’ salt (Ann. Chim. Phya., 1845, [lii], 18, 344), 
although long known as a complex aurous com- 
pound and used in the toning of silver photo- 
graphic prints, has been of considerable interest 
since 1924 when it was introduced by MoUgaard 
of Copenhagen under the name “ Sanocryein ” 
for the treatment of tuberculosis . Later, along 
with many other complex aurous compounds, 
it has been used in the treatment of rheumatoid 
arthritis, and it is not improbable that gold 
therapy ” m^ be extended considerably {see 
below). Its constitution has been expressed by 
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the formula 3 N 82820 , fAu 28203, 4H2O which 
cannot bo correct Hincc this colourless crystalline 
salt gives no reactions of a thiosulphate and 
aurous gold docs not form salts containing aurous 
ions. 

It was originally prepared by the gradual 
addition of a 1!% Ho]utif)n of sodium chloro- 
aiirate to an aquemia soliitirin containing 4 mol. 
proportions of sodium thiosulphate. After the 
red liquid had become colourless the salt was 
prcdpitated by the addition of alcohol and W'as 
juirilied either by n*peated precipitation from 
its aqueous solution by means of alcohol or by 
recrystalliHation from water. Tn the jircparation 
just descr’ibefl ])art of the sodium thiosulphate 
ri'dnces the' auric compound to tlic aurous con- 
dition, lieirig itself convcu'ted into tetrathionate. 
(/onseqiiently several modifications of the pre- 
jiaratioii have been introduced. These lonsist 
(‘ssi ntially in carrying out the reaction using 
suitable- reducing agents whereby all the sodium 
thiosulphate emjiloycd reacts with the reduced 
gold compound as soon as it is iormed. 

I’he constitution of the compound should be 
expressed thus : 


Complex Imido Compounds.— A number of 
complex succinimido derivatives mostly con- 
taining auric gold have been described by Pope 
(B.P. 338500/1929; B, 1931, 319). The com- 
pounds are prepared from auric hydroxide, 
chloroaurates, hydroehloroauric acid or ful- 
minating gold and succinimide in the presence 
of ammonia or amines. Among the compounds 
isolated are : 

[(N H3)2AuSii2]CI, diamminodisuecinimido- 
auric chloride, 

[(N H3)2AuSu2|AuCl4, diamminodisueeiiiimi- 
doauric ehloroauratc, 

[(NHjMelgAuSugJCI, dimonometbylammino- 
disiiceinimidoau ric chloride, 

[(N HEt2)2AuSu2]CI, didicthylamminodisue- 
eimmidoaunc chloride, 

[(N H Et2)2AutSu2]AuSu2, didiethylammino- 
disueeinimidoauric siiceinimidoaurale, 

N H3AUS1I3, monoamminotrisiicemimidogold, 

together with salts of hydrosueeinimidoauroiis 
acid, HfAuSiigl, and salts ol ilieblorodisiKcirii- 
niidoaiirie acid, HICI2AUSU2], Avhere 


0 O 

t 1 

Na^ o— 8-8— Au— S— 8— O , 2 H 20 

1 I 

o o 


in keejMiig with the 2-eovalency of aurous gold 
and with the fact that the compound does not 
give the usual thiosulphate reactions. The cor- 
responding bannm salt has been jirepared by 
double (le(‘om])ositioii between the sodium salt 
and barium chloride and the free acid has been 
obtained by treating the barium salt w'ith the 
calculated quuulity of sulphuric acid. 

Sodium aurotliioBulphate is somewhat spar- 
ingly solubh; in water at the ordinary tempera- 
ture and possesses a curiously sweet taste. It 
is stable but, as ordinaiil^^ prepared, when ex- 
posed to air it becoiTiPH yellowosli-brown, deeoin- 
position having set in. Its solution is not 
reduced by ferrous sulphate or oxalic acid nor 
decomposed by hydrochloric acid. When acety- 
lene IS passed into its aqueous solution the so- 
called aurous acptylide, C2AU2, is produced as a 
yellow precipitate w^hieh is explosive when dry 
(Matthews and Watters, J. Amer. Chem. Soe. 
1900, 22, 108 ; v. Vol. II, 280&, 281h). The con- 
stitutional formula 


C— Au 


CH — CO. 

Sn - I ' >N— 

CHg—CO^ 

Other examjiles of eomplev imido compounds 
belonging to this senes are hydrodiiihthalimido- 
hydroxyaurie acid, H f PlithgAu (OH)2], where 



(Gibson and Tyabji, piivate eomrnunicatioii) 
and hydrodirnethylgl} oximmylbromoaune acid, 


rCHg—C-N— O. /Br 

H I >Au( 

LCH3— C N-Q/ ^Br 


(Brain and Gibson, private eommunicatioii). 
Complex denvativi'S (iniidoaiirie acids) of siir- 
einimide, phtlialimide, 5:5-dietliylbarbituj‘ie atad 
and o-benzoicsiilphinide (saccharin) have also 
been described by Kharasih and Isbell (J. 
Amor. Chem. Soe. 1931, 53, .3059). 

Other Inorganic Gold Compounds Con- 
taining Complex Organic Radicals.— In 
view of the use of complex (chiefly aurous) com- 
pounds in the therapeutical treatment of tuber- 
culosis {see Sodium Aurothiosulphate, Sano- 
crysin ”) and their increaStng application in the 
treatment of other conditions, especially rlieuma- 


is not in keeping wdth the 2-covalency of aurous 
gold, which w'ould how^ever be satisfied by the 
formula 

C— Au^OH2 

III 

C— Au OH, 

Like other acetylides, it is decomposed by 
hydrochloric acid yielding acetylgne and, in this 
case, gold monochloride. 


toid ai't-hritis, a large and rapidly increasing 
number of aurous derivatives of organic com- 
pounds have been prepared, generally by methods 
which arc the subjects of patents (c/. “ Handbuch 
dor Chemotherapie,” Fischl and Sehlossberger, 
Fischers Medizinische Buchliandlung, Leipzig, 
1934). The compoimds are generally prepared 
by the action of the organic compound (part 
of which acts as a reducing agent) on alkali 
halogenoaurates (usually sodium chloroaurate) 
or by their interaction in the presence of a suit- 
able reducing agent (eodinm sulphite, etc.). 
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Many of the compounds are soluble in water and 
such aqueous solutions may be administered 
intravenously; others may not be soluble in 
water and these as well as the former may be 
administered intramuscularly in oil suspensjon. 

Many of the aurous compounds which have 
been described are derivatives of substances 
(such as mercaptans) containing the — SH 
group and in the litt'rature are frequently given 
the constitutional formula of the general typo 
— SAu. Such a general formula does not allow 
for the 2-eovalcney of aurous gold and cannot bo 
correct. The simplcHt aurous derivatives of 
mercaptans are generally highly insoluble com- 
pounds having high molecular weights. Their 
coustitution may he written (R — S — Au)^ or, 
111 extended form, as 

R R R R 

I I I I 

— S Au — S Au— S -> Au — S Au — 

The following are four tyiucal aurous deriva- 
li\es of organic conijiounda which (in addition 
to sodium aurothioHulphale, frequently known 
as Snuorryfiin,'' but other propric'tary names 
hnvi? also been allottiid to it) have found con- 
siderable therapeutic aiqdieation : “ Solganol 

li ” described as goldtliioglucose and, in the 
literature, given the eonsti tutional formula 


CHjSAu 




H OH 


‘‘ Lopiot} ”i.s sodium .‘1-allylgoldthioureabenzoate 
and in the literature is givtui the formula (O.P. 

NaO^C NH C(SAu):N CH^ CHiCHa 

‘‘ Myochryshi ” is disodium aurothioinalatc and 
stated to liave the lormiila 

NaOOC CH(SAu) CH2 COONa 

AUochrysin ” (Luirii^re and I’errin, Compt. 
rend. 1927, 184 , 289) is given in the literatim; the 
constitutional formula 

AuS CH„ CH(OH) CHa SOgNa 

+ HS CHa CH(OH) CHa SOjNa 

hut this compound may have a constitution 
analogous to that of sodium aurothiosulphate 
thus ; 

/S CH2 CH(0H)CH2 S03] 

Au^ Na,H 

CH2 CH(0H)CH2 SO3J 


and their investigation has been carried out 
chiefly by Gibson et al. {ibid. 1930, 2531 ■ 
1931, 2407; 1934, 8G0; 1935. 219 1024 ’ 

1937, 1690; 1939, 762; Ann. Report Bnt! 
Assoc. 1938, 35). 

Diethyhnonobromogold, (EtgAuBr)^, mi\y bo 
prepared starting from hytlrobromoauric acid, 
HAuBr^.SHgO, gold tribromidc, (AuBrg)^, 
pj^ridinotribromogold. CjH^NAuBra, or, nu^st 
conveniently, from the eorreBj)C)nding triehluro- 
compound. 

To a mechanically stirred suspension of pyridi- 
notnehlorogold (19 g.) in dry pyridine (200 e.c.) 
at 0“ is added a filtered solution of ethylmng- 
nesium bromide (2-2 mol.) m ether (45 e.e.). 
Water (100 e.c.) at 0^' is then addeil followed by 
hgroin (b.p. 60-80%- 300 e.c.) and then hydro- 
bromie acid {d 1'49 ; 300 e.e.) at such a rate that 
the temperature docs not rise above 40". The 
liquid (two layers) is filtered from solid matter 
and the hgroin solution separated. The aqueous 
solution IS c.xtraeted several times w'lth ligroin. 
To the c ombined hgroin extracts, after washing 
with water, c thylonediamine is added until no 
further eolourless preeijutate (ethylenediamino- 
diethylgold bromide, we below) is produced. The 
colourless preeijutate is dissolved liy shaking 
the ligroin suspension wdth water and the 
separated aqueous solution acidified with hydro- 
bromic acid. The c-olourless precipitate, di- 
ethylmonobromogold, is separated, washed with 
water and dried al; the ordinary temperature. 
It may bo purified by dissolving in redis (ailed 
ligroin (b.p. 40-60'’) and allowing the solution 
to evaporate at the ordinary temperature. 

Diethylmonobromogold crystallises from li- 
groin in soft eolourless anorthie needles, m.p. 
58° (dccomp.). Jt is soluble in all the usual 
organic solvcmts and when pure is fairly stable, 
decomposing superficially (violet colour) on 
exposure to light. Its molecular weight in 
freezing benzene and bromoforrn shows that the 
molerular formula is (EtgAuBr)^ and its con- 
stitution may be conveniently expressed as 


CgH 

C^H 





Au 


/ 

\ 


CjH 

CjH 


5 

6 


the auric gold atoms being 4- covalent. This 
constitution is in agreement with the results 
of Jif-ray crystallographic investigation which 
has also shown that the four valencies attached 
to the 4-covalent auric atoms are planar. Di- 
ethylmonobromogold and certain related organic 
gold compounds when dissolved in a suitable 
solvent (e.g. ethanol) undergo an interesting 
spontaneous decomposition at the ordinary tem- 
perature on treatment with alkali or alkali metal 
alcoholato; brilliant gold films are produced 
which can be deposited on a variety of surfaces 
(Gibson, B.P. 497240). 

The following derivatives among others have 
been prepared : 


Organic Compounds of Gold. 

Apart from the already knowm cyano com- 
pounds and the acciylide (see above), the first 
typical organic compounds of gold were prepared 
by Pope and Gibson (J.C.S, 1907, 91 , 2061) ; 


Ethylenediaminodieihylgold bromide, 

[EtjAucnJBr, 

a stable coolurless crystalline salt, decomp, 
from 182°t soluble in water (see above). 
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M onoamminodiethylhromogold, 

EtaAu{NH3)Br, 

a colourless crystalline non -electrolyte, in- 
soluble in water and soluble in benzene. 

Pyridinodietkylbromogoldf Et 2 Au(CftH 5 N)Br 
a colourless crystalline non-electrolytc, very 
similar in general properties to the preceding 
ammino compound. 

Dibenzyls u Iphidodiethylm o n obromogoM, 

Et3Au{S(C,H,)3}Br, 

a colourless crystallme non-electrolytc, 

m.p. or. 

2\2'-Dij)yridyUetraethyldibromodigoldf also a 
colourless non-eloctrolyto which has m.p. 
169° (decomp.) ; its constitution may bo 
briefly written 

Et^BrAu^-NCaH^— C^H^N-rAuBrEta 

The compound monoethylpnediaminotfira-n- 
jiropyldibromodtgold^ a derivative of di-?j-propyl- 
monobromogold {see below) and analogous to the 
above dipyridyl compound, is also a non-electro- 
lyte and its colourless solution in chloroform 
becomes cloudy owing to the folloumg eipiili- 
brium being set up : 

2 Pr^jAu Bren- Au Br Pr®jj 

^":^2[Pr‘^2Auen]Br 1 (Pr^gAuBr).^ 


ban diethylmonobromogold and yields deriva- 
ives analogous to those of the latter compound. 

Di~i\ -propylmo n obromogold ( colourless liquid , 
’.rystallising below 0°) and di-n-butylmono- 
hromogold (colourless liquid) have been prepared 
by the method used for the preparation of the 
ther dialkyl compounds. These have also 
been converted into their (‘olourless ethylene- 
diamine co-ordination compounds. Dtbcnzyl- 
monobromogold is much less stable than the above 
lialkyl compounds, but its colourless ethylene- 
diamine co-ordination compound, ethylenedia- 
minodibenzylgold bromide, is moderately stable 
(Gibson, private communication). Using methods 
identical with those first described by Pope and 
Gibson (/.r.), Kharasch and Isbell (.1. Amer. 
(-hem. 8oc. 19111, 53, 2701) also prepared a 
number ol dialkyl and diaryl gold halides ; those 
authors did not determine the molecular weights 
f any ol the compounds which generally were 
characterised only by their gold content (cf. 
(bbson rt al., J.C.S. 1931, 2409 1935, 1024). 

By the action of bromine (2 mol.) on the nbovc 
dialkyl compounds (1 mol.) m a suitable solvent 
at the ordinary temperature deep-red crystalline 
compounds having the general empirical formula 
“^uBfg are obtained, and the ethyl and n- 
propyl derivatives have been investigated in 
detail. These monnalkyldihromogold compounds 
have betn shown by physical investigation 
(molecular weights, dipole moments, etc.) to 
have the giuieral constitution: 


This compound has m.p. 110-111°, when gas is 
evolved ; on further heating the product decom- 
poHCS violently at 140°. The first of these 
changes also takes place when benzene or chloro- 
form solutions of the substance are gently boiled, 
monethylenediaminodi-n-propyhhbromodigold — u 
typical example of a mixed aunc-aurous com- 
pound in which the auric and aurous gold atoms 
are 4-covalent and 2-covalent respectively- 
being produced with the initial evolution of Ire 
n-propyl radicals, the reaction taking place being 
represented, 

PrUjAu Br cn- Au SrPrag 

Pru 2 AuBr en AuBr-{-2Pra 

By the interaction of diethylmonobromogold 
and thallouB aeetylacetone, acetylacatonedicthyl- 
gold is obtained in colourless flat plates, m.p. 
9-10°. Its constitution is represented thus ; 


;-Au( 

r/ \Br/ \ 


Br 

Br 


This ( onstitution is in keeping uith their 
chemical properties. AVhen allowed to reac't 
with hydrobromic acid they yield tlie dialkyl- 
monobromogold eomjujiinds and hydrobromo- 
auric acid ; with sodium bromide they yield 
similarly the dialkylmonobroinogold compounds 
and sodium bromoiiuratc ; with ethylcnediamine 
they yield the ethylcnediaminodialkylgold 
bromides and diethylciiediaminoaiinc bromide. 
This last reac tion may bo represented thus : 


R. /Br. 
)Au/ >Au( 


,Br 

Br 


4 3en = [ R j A u cn] B r + [en A u en] B rj 


Et O— CMe 

ScH 

Et ^0 = CMe 


The monoalkyldibromogold compounds decom- 
pose on being gently heated. This decomposi- 
tion has been shown to proceed quantitatively 
thus : 


Tho corresponding dimethyl compound has been Rv /Br. /Br 
prepared. From tho diethyl compound by the ^Au^ =2RBr+2AuBr 

action of sodium iodide (chloride) diethylmono- ^Br^ ^Br 

iodo(chloro)gold is obtained and the correspond- 
ing salts ethylenediaminodieihylgold wdide and (see Gold Monobromide, p. 113c). 
chloride have been obtained from the latter com- By the action of silver cyanide on diethyl and 
pounds by the action of ethylcnediamine. di-/i-propylmonobromogold the correspnnding 

Using magnesium methyl iodide and adopting colourless and highly crystalline cyano-com- 
a similar procedure dimethylmonoiodogold, colour pounds have been obtained. These compounds, 
less needles, melting and decomposing at 78-5° which are readily soluble in hydrocarbon, and 
has been obtained. It is more sparingly soluble other organic solvents have the molecular 
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formula (R 2 AuCN )4 and their constitution is with their having no mcUing-points. Further and 
represented by (I). This has been completely complete loss of hydrocarbon radicals results in 
confirmed by the results of dipole moment detor- the production of aurous inonocyanido (anrous 
rainations and by JC-ray crystallographic investi- cyanide) which, as pointed out above, probably 
gations (Phillips and Powell, Proc. Roy. Soc. possesses a straight chain structure (Gibson, 
1939, A. 173, 147). Proc. Roy. Soc. 1999, A, 173, IGO). 

Diethylmonocyanogold when merely vigorously Compounds of typo (1) yield ethylcncdiaminc 
rubbed undergoes “ explosive ” decomposition derivative.s having the general formula 
and di-n-propylmonocyanogold undergoes a 
similar decomposition when heated above its q|sj 

melting-point (94-95”) the decomposition taking Au^-NH,C,H,H,N-vAu R 

place may bo represented thus : . 2242 . 

R R 


R R 

R Au— C:N ^ Au'R 

^ i 

N Cl. 

C N 

I ^ 

R Au <- N iC — Au R 
R R 


-4R' 

1 > 4RAuCN 

(rmpirical 
1 ui iimla) 


4R' 

4AuCN 

(einpirual 

I'oTJUula) 


Free radicals, ethyl and w-propyl (R') are evolved 
and have been recognised (from the diethyl 
coinponnd) as n-butaneand (from the di-n-propyl 
l ompound) as n-hexano. 

Compounds having the empirical formula 
RAuCN are almost insoluble in organic solvents 
and have high (and at present unknown) mole- 
cular vveights ; they are also produced from 
compounds of type (I) by long standing at the 
ordinary temperature {rf. Kharasch and Isbell, 
/.r.). They are mixed aurous and auric com- 
))()unds in which the aurous gold atoms are 2- 
covalcnt and the auric gold atoms are 4-eovalent. 
In view of the fact that the four valoncies of 
iiiinc gold have a planar distribution, and that 
the two valencies of aurous gold have a linear 
(lisinbution, the constitution of compounds 
having the empirical formula RAuCN cannot 
bo r(;])rescnted by a planar ring stnioturc wliioli 
would also not be in keeping with their very low 
solubility. Their constitution can, howev^er, bo 
satisfactorily represented by a zig-zag chain 
structure : 

t 

N 

R C 

RAu Ci'N -Au C:N Au R 

t R 

N 

C 

Au 

t 

N 

C 

c;n AuR 

R 

Such a constitution is in keeping with their 
insolubility and, unlike the parent substance, 


These are colourless crystalline non -elect rolyles. 
When suspended in vvatev and the mixture 
heated, solution takes place gradually ; free 
radicals — identified as the correspond mg hydro- 
carbons — are evolved initially, and the clooi 
solution yields after evaxioration a colourless 
crystalline salt having the lonnula 


“R NH„ 

\ -^1 

Au C.,H^ 

/ \ I 

R NH 2 , 


Au(CN).2 


These anroeyanides of tv])e IV may also be 
obtained by boiling benzene solutions of com- 
pounds of type HI and locrystallising ilu* 
resulting sulul products from water. On treat- 
ment with Biiflicicivt luimnal acid to. combine 

ith the cthylenediamine they arc convertc'd 
into the eornpounds having the empirical 
formula RAuCN, type II. 

The “ plienylaurie chloride,” having the 
formula PhAuClg and m.p. 73-75”, which has 
been dcscribcid by Kharaseh and Isbell (J. Ainer. 
Ohem. Soe. 1931, 53, 3055) and which was pre- 
pared by the addition of auric chloride to an 
excess of pure benzene, docs not appear to have 
either a constitution or properties analogous to 
those of the monoalkyldibromogold compounds 
(r/. J.C.S. 1934, 862; 1935, 1024 (footnote)). 
If such a compound does exist PhAuClg woulfl 
only represent its ompirieal formula. The com- 
pounds prepared similarly from toluene, di- 
phenyl (decomp, at 65”) and methyl salicylate 
(m.p. 107” decomp.) contain a molecule of water 
in each case even after recrystaUisaiion from 
ether. 

The compound aurous chloride carbonyl, classi- 
fied by Kharasch and Isbell (.1. Amer. Chem. 
Soc., 1930, 62, 2919) as an organic gold com- 
pound, was first prepared by Manchot and Gall 
(Her. 1925, 58 [1^]. 2176) by passing carlxm ‘ 
monoxide over gold trichloride at 95”. Kharasch 
and Isbell prepared it from aurous chloride 
in benzene suspension (20-30°) and from gold 
trichloride in tetrachloroethylene (100-140°). 
It is a colourless substance soluble in organic 
solvents and decomposed by water. Its mole- 
cular weight ia normal in freezing benzene and 
the compound dissociates in hot solvents and 
when heateA under reduced pressure yielding 
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pure aurous chloride. It is suggested that its 
constitution should be exprossecl, 

Or^C-^ Au— Cl, 

in keeping with the 2-covalcncy of aurous gold 
and with the linear distribution of the two 
valencies. Wilh jiyridinc and hexamethylene- 
tetramine earlxui monoxide is evolved and (pre- 
sumably) co-ordination com pounds of aurous 
chloride (f (j. HpC^N ► A u — Cl) are formed. 

Aurous chlojide carbonyl reacts with aryl- 
inagnesium halides giving good yields of bis- 
aromatic liydroearbons (dijihenyl, di-o-toJyl, 
di-p-tolyl, dibeny.yl, aa'-dinajihthyl), carbon 
monoxide being evolved and gold precipitated. 

C. S. G. 

GOLD, MANNHEIM. A brass containing 
80% copper and 20®^, zinc. 

GOLD, MOSAIC. A fine, flaky, yellow 
form of stannic sulphide which is now used only 
to a limited extent to imitate bronze. It is prt‘- 
pared by gently heating a mixture of 7 parts of 
Huljihur, 0 parts of niiimoniurn chloride and 18 
parts of a powdered amalgam containing 12 
parts of tin to 6 parts of mercury, until tJie odour 
of Hiiljdiiiretted hydrogi'n is no longer percept- 
ible. The residue is then heated to low redness 
and a mixture of mercurous chloride, ammonium 
ehloride and cinnabar sublimes, w hile the mosaic 
gold alone rcraaina, A good product is also 
oliiained by heating a inixt-iiro of 5 parts of 
stannous sulphide and 8 parts of mercuric 
chloride. 

A pale yellow mosaic gold is produced by 
heating 50 parts of crystalline stannous chloride 
wnth 25 parts flowi'rs of suljilmr; a reddish- 
yellow product is obtained on beating together 
50 parts 50% tin-aranlgam, 25 yiarts stannous 
ehloride, ,'15 parts ammonium chloride and .*15 
parts of sulphur (Lagiitt, Z. aiigew. Cbem. 1897, 
11, 557). The temperature used should not be 
too high, as the stannic suliiliide, when strongly 
heated, loses one equivalent of sulpliur and 
becomes black. 

Mosaic gold is insoluble in nitric and hydro- 
<‘hloric acid, but dissolves in aqua regia and in 
alkaline hydroxides. 

A brass containing 52-55% zinc has also been 
known by this name. 

0. 0, li. 

GOLD NUMBER (r. Vol. Ill, 2876). 

GOLD PURPLE {Purple of Casmvs). 
This product consists of a mixture of metallic 
gold and tin oxide. An imperfect description of 
its preparation was given by Andreas Cassius 
(“ De Auro,” 1685). It is obtained as a fine 
flocculent purple precipitate on addition of a 
solution of stannous chloride, which contains 
some stannic ehloride, to a dilute neutral solution 
of gold ehloride. The presence of stannic 
chloride is essential as pure stannous chloride 
produces only a browm precipitate. T. K. Rose 
(Cbem. News, 1802, 60, 271) has shown that the 
f^ormation of the colour is capable of detecting 
1 part of gold in 100,000,000 parts of w^ater 
when the test is carried out under specific 
conditions. 

A very fine product is obtained by adding 
stannous chloride to ferric chloride until the 
solution is of a pale green colour fad employing 


this mixture to precipitate the gold from solu- 
tion. R. Zsigmondy (Annalen, 1898, 301, 361) 
prepared Purple of CasBius by mixing 200 c.c. 
gold chloride solution (3 g. Au per litre) and 
250 c.c. stannous ehloride solution (3 g- Sn per 
litre) with a very slight excess of HCI and 4 litres 
of water. After 3 days the purple was deposited, 
leaving a liquid free from gold and tin. The 
precipitate thus prepared contained, after 
ignition, 40-3% gold and 59 7% stannic; oxide. 

According to H. Moissan ((.'ompt. rend. 1905, 
141, 977), when gold-tin alloys, mixed with lime, 
are distilled in air, a finely divid(‘d mixture of 
stannic oxide, lime and gold i.s obtained having 
the colour and properties ol Purple of (!assiiis. 
Similar deposits of varying tint can bo obtained 
by substituting for lime other oxides such as 
zirconia, silica, magnesia or alumina. 

Purple of C’assiuH may also be obtained in great 
beauty by treating an alloy of gold 2 parts, tin 
3-5 parts and silver J5 parts with strong nitric’ 
acid to diHHoh’^o the silver and oxidise the tm 
(Muller, ,1. pr. Clumi. 1884, Iii|. 30, 252). E. A. \ 
JSi hneidcT (Z. anorg. Chorn. 1894, 5, 80) obtained 
gold purple by treating an alloy of gold, tin 
and silver with eoncemtrated nitric; acid. 
The resulting black pow'der was washed with 
ammonia when a ruby-red coloured solution 
was obtained which was dialysed until it con- 
tained no more ammonia. Potassium cyanide 
derolourisew this solution and stannic oxide 
separates. With mereiiry, the solution becomes 
hrow’nish-red and gold is extracted ; with excess 
of hydrochloric acid, the solution Iiccomes violet 
and yields finely divided gold on dialysis. Ac- 
cording to this aiitlior, the soluble form of 
purple gold is iiossibly a mixture of the hydrosols 
of gold and stannic arid, 

Purple of (Cassius is used in the manufactiiro 
of artificial gcuns (e. Vol. V, 513c)< a^nd for im- 
parting a red, rose or pink colour to glass, 
porcelain or eiiamcd ; it i-aries in colour from a 
violet to a purplisli-red or brown. 

In the dry state, gold purjile is insoluble in 
either strong or dilute alkabs, but when moist it 
dissolves in water in the presence ol very small 
quantities of alkalis. Salts and excess of acids 
and alkalis precipitate tlio purple from these 
solutions. Whilst moist, it is also soluble in 
ammonia wit h the production of a purple colour 
from which the precipitate is redeposited on 
addition of an acid or on boibng, and in the latter 
case is not again soluble. The ammoniacal 
solution precipitates gold on exposure to light. 
The purple does not pass through the membrane 
of a dialyser. 

W^hen dried and triturated, the Purple of 
Cassius acquires a metallic lustre, but no gold is 
removed from it by the action of mercury. It 
retains water at 100’’, but gives it up and ac- 
quires a brick-red colour when ignited, and loses 
its colour at the melting-point of gold without 
the evolution of oxygen. 

On adding a greater quantity of mercurous 
chloride to a solution of auric chloride than thu t 
required for the reaction : 

3HgCI+AuCl3=3HgCla-f Au, 

the characteristic colour of Purple of Cassius is 
obtained. If barium sulphate suspended in 
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water ie previously mixed with the mercurous ^firaphers Rom6 do ITkIo and the Abbd Haiiy- 
chloride, the sulphate takes up the pold and "t consists of a semi-circular protractor f?radu- 
acquires the purple colour. Antony and ted in degrees, with a straight bar pivoted at 
Luechesi (Gazzetta, 1896, 26, ii, 195) therefore he centre. With tliis instrument it is possible 
regarded true Purple of Cassius as being not a measure tlic angle between faces only if these 
conniound but merely stannic oxide meehani- re fairly large. 


cally covered with gold. 

]\1. Muller (l.c.) also prepared purples by several 
processes without the use of tin. A pale rose 
(containing 0 1% gold) to deei) carmine pigment 
is ])rodueed by igniting a well washed and dried 
mixture of magnesium oxide and gold ehloriile. 

A siiTiiliir result is obtained b}^ heating the mix- 
ture in a current of hydrogen. Lime, ealeiiiin 
carbonate, ealeiiim phosphate, barium sulphate 
and lead and zinc oxides give similar but less 
Hatisfaetory results. 

The moat intense purple is obtained by treat- 
ing a mixture of alnmininm hydroxide and 
golil eliloridc with grape-sugar solution. The 
niixtiire is agitated and heated until ol a bright 
scarlet colour, but the colour must not be allowed 
to reach a purplish -red or the result !int product 
VN ill be of inferior brillianey. 

Similar purples, but less brilliant than those 
witli magnesia and alumina are obtained with 
tin; II -5 g. of Btaniious chloride are dissolved 
in 200 e.c. of w ater, gold chloride added nnd the 
solution rendered alkaline by the addition of 
]K)tassiuni carbonate. GrapC'Sugar solution is 
now added and the mixture is diluted to 300 
litres and is then warmed until of the rc'qujrcd 
colour. 

C 0. B. 

“ GOMENOL.” A trade name for an es- 
sential oil prepared fiom the leaves of MclaJpuert 
i’lruiiflora Linn. (Fam. ]\[yrtaee,T), lonnd in 
New' Calt'donia. Jt is similar to, if not identical 
w'll/li, oil of rajnpiit (q.v.). 

C. T. B 

GONDANG WAX ( ? Getah W ax). A wax 
recovered from the latex of the Javanese wild 
fig-tree (i’. Vol. V, 

GOND BABUL (v. Vol. T, 585(1). 
GONIOMETER. The goniometer is ai 
instrument for measuring the angles betweoi 
faces in crystals. The constaney of the angle 
between corresponding faces in different crystaL 
of the same substance is the most striking leatiire 
of obviously erystallino matter and w'as. 
naturally, the first to he studied quantitatively 
In crystalline matter the atoms or molecules 
are arianged in a regular pattern m three 
dimensions. Many crystalline substanees de 
velop ^"xternal faees, the presence of wdiieh wai 
commonly taken to be the distinguishing mark 
of the crystalline state but which w^o now know 
is not essential. But wlien a crystal has externa 
faces these are parallel to planes of atoms in the 
structure so that the external faces are regularly 
arranged and define the ii:tcnial regularity 
eonstruetion of the crystal. Because of thi. 
symmetry the faces lie m zones, groups of facoi 
m a “ zone ” being all parallel to a directio 
which is called the zone-axis. The measuremeni 
of the angles between faces is of fundamental 
importance in the study of the symmetry o" 
crystals and is of great help in their identification 
The Contact Goniometer was invented b'^ 
Carangeot in 1780 and was used by the ciystallo 


In 1809 IVollaston invented the Befleeting 
loniometer, the principle of which is used in 
lodern instruments although these have been 
;rcatly imjirovcd. The reflection ot a fixed 
nage is ol)tained over a reference mark from 
W’o faces in turn, and the angle through which 
-he crvsfal is turned between the two rtdleeting 
insitions is the angle hetw'een the normals to 
he tw'o laces in (piestion. 

The erj'stal is mounted on a. holder eonsisiing 
f tvio mov able arcs ])erpendienlar to each other, 
t IS HO adjusted tliat one luominont face is 
laruth'l to the plane ot one of the.se arcs. The 
TCH are then tilted until the zone-axis of the 
one 1o be measured is }»arallel to the axis of the 
goniometer, i.c. perpendicular to the graduated 
lise. A fairly parallel beam of light from a 
Ijstant source or from a collinialor is reflected 
iorn the prominent face jircvionsly mentioned, 
1 , 11(1 the crystal is set so that this relleetc'd image 
ies oviw a ti.ved ndi'ienee mark. The plane eon- 
Laining the im-ident and reflected beams and the 
lormal to the face must tlierelore be jiarallel to 
-he piano of the graduated disc. This pro- 
rdur(5 IS rejuated with another face using 
inly the adjusting ar(‘ which will move the 
niginal tacc. only in its own jilano. In this way 
he crystal can he quickly adjusted so that th(‘. 
zone-axis of the zone to he measured is set 
larallel to Ihe axis of the instrument. As the 
graduated disc is turnial through 3f)0"’ the set- 
tings at wdiieh retleelion occur for tln^ various 
aces in turn are noted. 

The usual jirocodure is as follow's : — 

(1) A drawing of the crystal w'lth hittered or 
numbered faces is made as it is eNseiitial to bo 
able to reeogiiiso each face. 

(2) The crystal is set up with a zone-axis 
parallel to the axis ol the instrument as 
deH( ribed . 

(.3) The angles hctwTcn the normals to faces 
in this zone are measured, the readings being set 
ut as below : 

I'ace Quality Beading Differences of 
of Pairs of 

Image Readings 

(4) This jiroeesB is repeated w ith other zones 
until sulTicient data have been obtained to allow 
the directions of the normals to each face to bo 
plotted on a projection (nearly always the 
stereographie). 

(5) A consistent set of indices is assigned to 
the faces, and the forms present are noted. The 
axial ratio or morphological constants of crystals 
can bo obtained after some simiile calculations. 

Although all Reflecting Goniometers employ 
the same principle, they arc of different types. 
In the simplest Student’s Goniometer the image 
of a distant source of light is used because the 
light must be as nearly parallel as can be ob- 
tained. This imago is reflected from a fixed 
mirror and this provides a reference mark, while 
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the image rcflec-teci frcim tlio cryfital can be seen 
at the Harn(‘ time betanHo the rryHtal is Kmall 
compared with the mirror. The tilting adjust- 
nientH carried on the graduated disc are very 
Himple. 

JVloifj accurate gonif)nietcrH are fitted with 
colliinatorH ko tliat a fairly parallel beam eaii be 
obtained from a neai Hourac. 'J'hcy have also a 
tch'Hcope, tlie (‘roHH-wjrcH fd which provide the 
inoHt accurate rcfcnuice imirU. iSueh gonio- 
iiieterH are of t\vfj types, A'ertjcal (hrelo or 
Jlorizruital ('ircle. Vertical Ciicle Goniometers 
are ilicaper but iForizontal (Circle goniometers 
have dcliiutc' adi milages ; t he erystal is much 
Ii'Hs likely to sin It in the wax mount under its 
own weight and lluis larger spcciracnfi can bo 
nieaHurcd , tlie large amount of possible move- 
ment ol the telescope makes it easier to deal 
with (hnicult eases and also allows the instni- 
ment. to be us(‘d for the di'terniination of 
redract.ive indices as w'ell as ot crystal angles. 
A MTy good type of Horizontal Girele Gonio- 
meter IS illnstrated in the figure below. 


The aecurary with whieh angle measurements 
ran be made depends both on the instrument 
and on the erystal. The type of iustriiincnt 
illnstrated ran be read accurately to half- 
minutes. In the ease of very good crystals this 
order of accuracy is reejuired, althoiigli even 
these will show ditterences of as mmh as a 
whole minute owing to irregularities in crystal 
growdh. But even greater accuracy is rcqiured 
in the study of the change of angle with change 
of temperature, w hich IlS one w ay of determining 
the coeflScient of thermal expansion of a crystal. 
For this type of work a larger Horizontal Circle 
Goniometer, such as the Fuess No. la, w^hieh 
can be read to seconds is constructed. Crystals 
vary from very good ones suitable for such 
accurate measurement down to ver^ bad ones 


in winch the irregularities of grow'th are such 
that the reflected image extends over two or 
three degrees. 

Although a good Horizontal Circle Gonio- 
meter such as that illustrated is adequate for 
nearly all crystallographic work, more compli- 
cated two- and three-circle instruments have 
been developed in thej last 50 years by Federov, 
Czapski, V. Goldschmidt and Herbert Smith. 
Iliese have the advantage that the crystal is set 
up once only and in eases where there arc a large 
numlK*r of very small faces difficult to identify, 
this is useful. Of course ouly one zone can be 
measured through 300 ", but this is not a serious 
disadvantage as crystals rich in faces are often 
those which have been attached by one end to a 
surface durmg growth ami so have only one end 
well developed. Both the practical and mathe- 
matical techniques reijuired for handling these 
Theodolite Goniometers w ith two or three circles 
arc mucli more eorajdicated than fc^r the single 
eirele instrument. But it must bi^ emphasised 
that for almost all goniomctrical purposes in 
miiuTalogieal and chemical labora- 
tories the single circle instrument is 
entirely adeipiate and, also, that the 
technique of using if, is easily 
leaineil. A very full description of 
the various types of instruments and 
of their use, with practical oxamjdes, is 
given by A. E. ILTiitton in “CVystallo- 
gr.i})hy and Fractical Crystal Measure- 
ment,” 2 Vols., 11122 (Macmillan & 
Co.). 

In tbe course of the last century 
mineralogi.sts liave built up a vast 
collection of data on the forms, angles 
and symmetry of minerals. The 
corresponding data for (rysiaks of 
organic and of inoigauic compounds 
which (fo not occur as minerals are 
vci^' scanty. Such data are useful in 
the rapid ideuitification of crystalline 
substances and a good goniometer 
shoulfl be a valued piece of apparatus 
in every chemical laboratory. 

N. F. M. H. 
GOOSEBERRY. The fruit of 
grosfiularia (European species) 
or of II, hiriellum {li, ojcyacanthoid^s)^ 
the American gooseberr}". The latter 
species produecH reddish fruit, smaller 
than that of European species. Among 
recorded percentage analyses of European goose- 
berries the following are tyjucal ; 



-Ji 

IP 

Total sfdids 

120 

11-9-15 1 

Acid 

1-95* 

1 -5-2-31 

Invert sugar 

4-87 

— 

Sucrose 

018 

0-10-(j-12 

Glucose 

— 

12-3 0 

Lu'vulose . 

— 

21-3-8 

Ash . . 

0-43 



Oliff (Z UiitciH. Nahr -u GomiHsm. 1010, 19 , 
Hotter (Z. landw. VciHuchaw Deut -Oesteir 1906, 
9 , 947 

Aa citric add. 

Aa malic add. 

Windisch and Schmidt (Z. Unters. Nahr.- 



No, 2 a Fujisfl Eeflectjno Goj^iometkii. 


a. rolliinatoi h Tiltiiip screws, 

c. ('elite ring HcnuvH. d. Telescope, 

c IjCiih for chaiipiiiK tck'scojic into a inicioacope. 

/. Disc bearing grndufitcd circle. 

f/. Vcniicr inicroHcopc.s h. Fixing screw s. 

1 . lleiglit adjusting hctcav. 



GRAMINE. 



Genuaam. 1909, 17, 584) give the average per- 
centage composition of gooseberry juice as : 

"l otal Acid (as Invert 

solids. Protoin. oitric). auiziir. Sucrose Tannin. Ash. 

II 05 0-32 1 16 0-58 0-38 0-08 0-42 

In earlier analyses the free acidity of gooseberry 
juice was regarded as due almost entirely to 
malic acid. It would appear, howTver, that 
citric acid in eomjiarable proportions is also 
jjresent. Thus Bigelow and Dunbar (Ind. Eng. 
Chein. 1917, 9, 762) report 1-72-2-63% of citric 
}i( id and 0-28-2-08% of malic acid in American 
npecics, and Muttelet (Ann. Falsif. 1922, 15, 
453) finds 2-07% of citric acid in red and 2-20% 

III wliite European varieties. 

(JoDHcberncs are notably rich in vitamin C, 
Kiidrjavzcva and Ivanova (Voprosui J'itaniya, 
1935, 4, 114) recording as much as 500 units 
])cr kg. of berries, i.r. of the same order as in 
oiangcs and lemons. 

33ie composition of gooseberry ash is given 
by VVolir as : 

a.sli H .,0 Na.O CaO MgO PjOs SO., SiO, 

0-38 0-15 0-04 0-05 0 02 0-07 0-02 O-Ol 

exjiressed as percentage of the fiesb fruit. 
According to Dodd (Analyst, 1 929, 54, 1 5) the dry 
matter oi the fruit contains 0 028% of born! acnL 

A. (J. To. 

GORLI SEED OIL {v. Vol. 11, 5235). 
GORLIC ACID (w. Vol. 11, 5235). 

GORSE, FURZE or WHIN. Vlex 
curoponis L. A leguminous shrub common on 
jioor dry heath soils. Tbo leaves devclox^ as 
sj)ines. The tender young shoots are readily 
(‘<d(-n by cattle and horses as also is the older, 
harder groAvth after suitable crushing (Voeleker, 
d. Itoy. Agric. Soe. 1899 and 1901). Other 
sju'cies, U naviis and gfillii, also occur in 
ib it am. In some areas gorse is cultivated, more 
especially as a horse fodder, for wdiieh puryiose its 
lood value is aiijiroxiiiiately 40% of that ot hay. 

Girard (Ann. Agron. 1901, 27, 5) records tlie 
l)creentage composition of gorse as : 

N-frec 

Wilier rr(»tciii. I'at. e\1.i:iet. (Jclluloso Ash. 
52-7 46 0 9 26-0 14-5 1-6 


white encrusting masses, or sometimes aggre- 
gates of fine, silky fibres. Being readily soluble 
in water it is not of eoinmon occuirenee, hut is 
occasionally found in the old galh'nes of zinc 
mines. Considerable quantities weie at one 
time obtained from the Uamnielsberg mine lu'ar 
Goslar in the Ifarz Mountains. Varieties are 
crro-goslaritc and eupro-goslarite. 

L. J. S. 

GOSSIPETIN (r. Ynl 111, 4055). 

GOSSIPITONE (r. Vol. Ill, 40.W). 

GOSSIPITRIN (e. Vol. Ill, 4065). 

GOSSIPOL (?’. Vol. Ill, 401(1). 

GOULARD’S EXTRACT, LOTION. 
WATER. Solutions of basic lead acetate. 

"GRAHAM’S SALT, ’’ sodnini hexameta- 
phosxihatc (r. (-aocjon). 

GRAMINE, Cj^Hj^Ng, is a (“rystallme base 
discovered in eertuin eblorojdiyll-defective 
mutants of barley by Von Euler and Hellstroin 
(Z. pb>siol. (Iieln. ‘1932, 208, 43; 1933, 217, 
23) ; the yield was aliont 0 01% of the dry weight 
of tbo jilant a. Tlie same base w as next deseribed 
as the alkaloid dona'iinc, winch Orci-botV and 
Norkina. (JkT. 1935, 68 [BJ, 43(») isolated m a 
yield of 0-57% trom the rei'd Aiuvdo dvnnx 
fiom Central Asia; Marlimnautia (J.CS. 1937, 
1927) obtained 0-28% from the s.mic species 
growing on tin coast near J'aicelona. 3’ho 
ooiistitution was investigated by \'on Euler, 
Erdtnian and llellstrom (Ik-r. 1936, 69 | H], 
743) but only fully establiHbed ns 3-diim‘lli\l- 
aminometbx lindole by Hynlliesis (Tb W'lelaiid 
and Chi ^ i Using, Annalen, 1936, 526, 188; 
Kuhn and Stein, Ber. 11137, 60 |B|, 567). 'rim 
second eyutbesis, a eondensatioii ol indoit* with 
tormaldehydo and dimethylamme in (he cold, 
18 probably liiologieal and gives a quantitative 
yield : 



I I ||^ CHjO I NHMej-- 

— CHj NMe^l HjO 

L I i! 

X/" NH'" 


Gramme forms needh-s fiom acetone, ni.p. 
The N-freo extract includes sugars 1-4, pen- . pifratc, m.p. UP"; perrhlomif, m.p. 150''. 
osans 9 and pectin 1-6%. The ash contains : Orechoff and Morkma describe a imihiodidv. 


H^O CaO MgO Fe O, PjO. SO, m.p. 177“, but a “ metbioilidc ” melting above 
27-1 11-7 4-3 2^4 6-7* 4-7 350“ and obtained liy Wieland and (’hi Yi Using, 

as well as by Kuhn and Stein, xvas m all proba- 
An alkaloid, “ iilexinc,” obtained from the seeds bility tetramcthylamiiioniiim iodide. Madimi- 
bv Gerrard (Charm. J. 1886, |iii], 17 , lOJ, 229) is veitia showed that in the presence of methyl 
identical with cytisine (f/.i;.) (?artheil,Bcr. 1891, iodide and potassium hydroxide in methanol 
24, 634). From the flowers Bridel and Beguin solution, gramme is quantitatively decomposed 
(Bull. Soc.Chim.biol, 1926, 8, 915) have isolated into 3-mcthoxymcthyhndolo and tetramcthyl- 
a glucoside, ulexoside, hydrolysable to invert ammonium iodide, and that, without alkali, the 
sugar and ulexogenol ’ is also formed (along w ith 3-hydroxy- 

A. G. Po. methylindole ?). Ethyl iodide reacts normaUy 
GOS I O GAS {v. Vol. I, 479r/, 483r). with gramme iu neutral solution, hut in alkaline 

GOSLAR ITE, Zinc Vitriol or White Vitriol solution dimethyleibylamine is formed. 

Hydrated zinc sulphate, ZnS04,7H20, crystal- Arundo (lonax contains also a minute cpiantity 
lised in the orthorhombic system and isomor- of donaa'armc, Ci^HjQOgNg, m.p. 217 (Madina- 
phous with epsomito. It results from the veitia). This second alkaloid is an indole ^ub- 
weathering of zinc-blende, and usually forms slituted in tfie 2 -position, for it gives neither the 
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Ehrlich nor the Hopkins and Cole reaction (both 
positive with graraino). Donaxarino contains 
one — NMe group, but no — OMe or — CMe, 
and is optically inactive. 

G. B. 

GRAN I T E . An acid igneous rrick consisting 
of a granular (}ji*ru*e the name) holocrystalliiie 
aggregate of (juarlz, felspar and mica. It 
contiiins about ().')-7r»% f)f silica, which is 
present j)artly as free silica (quartz forming 
30--r>0<^(, of tlic rock), and partly in combina- 
tion in tb(i silicates. The felspar (30-08%) is 
generally a iiot ash -felspar, usually oithoclase, 
but sometimes mii roeliiie : it may also, especi- 
ally in the “ soda granites,” be a soda-bcaiing 
orthoclase, aiiorthoelase or a plagioelase (albite 
to oligoelase). The mica (5~18% of the rock) 
is usually of two kinds, a white niiea, museovito, 
and a black mii'a, biotito.^ The one-mica 
granites biotitc-graiiitc, is sometimes dis- 
tinguished as graniiile. J..e,ss frequently, horn- 
blende or augito may partly or whcjlly take the 
place of mica, as in hornblende-grainie and 
aiigite-granito. In other varieties, esiieeially 
those altered by iineurnatolytic agem ies, tour- 
maline may be present. Granites differ widely 
111 their general appearariee and character, owing 
to variations in their coarseness of grain, the 
occasional presence of larger porphyntic crystals 
embedded in a Oner-grained groundniass, the 
colour of the felspars (dull vdiito to pink), and 
the lack or predominatico of the diirk-colouied 
minerals, biotite and hornblende. Sp.gr. 2*0- 
2-8; weight per eu. ft., 1 00-175 lb.; crushing 
strength, 1,000, 2,000, 3,000 tons jier sq. ft. 
Degree of porosity very low, 0 2-0-3%, The 
grain of the rock is sutticicntly eoiirsc for the 
individual minerals to he distinguishable by the 
unaided eye. It varies from fine-grained in 
aplite (a variety composed only of quartz and 
felspar) to very eoarse-graiiicd in pegmaUie and 
graphic granite (the latter characterisecl by an 
intimate intergrowth of quartz and felspar). At 
times granite dis])lays a more or leas pronounced 
foliated strueturo (gneiasose granite), passing 
imperceptibly into gneUs. This rock has the 
same mineral and clieinical eoinyioaitioii aa 
granite, and to a eertaiii extent can be employed 
for the same purposes. 

The following analyses arc of: 1, (Coarse- 
grained, red biotite- granite from Peterhead, 
Aberdeen (J. A. Phillips, 1880). II, Fine- 
grained, bluish-grey miiseovitc-biotite-graiiitG 
from Kubialaw, Aberdeen (W. Mackie, 1901). 
Ill, Biotite-granito with largo porph^^ritic 
crystals of red felspar from Shap, Westmorland 
(J. B, Cohen, 1891). IV, Grey muscovite- 
bio tite -granite from Gready, near JjiixuUian, 
Cornwall (J. A. Phillips, 1880). V, Dark r€*d, 
medium -grained hornblende-biotitc-granite from 
Mount Sorrel, Leicesterahiro ((\ K. Baker). 
VI, Average of nine analyses of the grey, two- 
mica granites, of Leinster, S.E. Ireland (S. 
Haughton, 1855). I^or a large collection of 
analyses of granite, v. J. Roth, “Beitrago z. 
Petrographic d. plutonischen Gesteino ”, Berlin, 

^ These niineral.s carry i>art of the potash, eaeh of 
them containing about 10% K2O. 'J'iie bulk of tlic 
potash is, however, e>arried by the felsiia*, pure potash- 
felspar containing 16-9% K|0. 


1873-84 ; II. S. Washington, U.S. Geol. Survey, 
Prof. Paper, 1917, No. 99. 



1 

11. 

TIT. 

IV. 

V. 

VI. 

Sl02 . 

73 70 

09-01 1 

08 .^.r. 

09 04 

07 10 

72-08 

AI203 

14 44 

17 74 

10-21 

17 35 

10 19 

14-40 


0 43 

0 97 

2 20 

1-04 

3 82 

2 40 

1 49 

2 or. 

ri (1. 

1-97 




Mr.O 

trace 

— 

0 jr. 

trace 

— 


MgO 

trace 

0 48 

1 01 

0 21 

J .58 

0 10 

CaO 

1 OR 

1 or. 

2-40 

1 40 

2-r.9 

1 70 

Na-O 
K26 . 

4 1:1 

2 73 

4-08 

3 r.i 

2 43 

3 01 

4 43 

3 94 

4 J4 

4 08 

.5 38 

4 80 

P2O5 . 
HgO . 

trace 

- — 


trace 

— 

— 

0 01 

] 18 

11. d. 

0 72 

1 02 

0 91 


100- 39 

100 or. 

99 13 

99 92 

100 17 

99 52 

Spgr. 

2 00 

2 01 

2-09 

2 72 

2-00 

2-03 


Granites are of wide distribution as rock- 
masses of considerable magnitude. They are 
extensively developed and quarried in Cornwall 
and Devon, where they cu-eiir as a series of 
bosHe.s yjrotrudmg through the killas or clay- 
slate. The largest of these intrusions are, 
yirooeeding westw^ards, those of Dartmooi, 
llrow'ii W'llly or Bodmin Moor, St. Austell or 
Hensbarrou', Cam Menelez or Peiiryn and the 
Land’s End or IVn/.aiiee districts. In addition 
to thoRo yinricipal exyiosurcs there are numerous 
smaller niassi'S. The granite of Devon and 
(\)rnw'all is nsnally gr(‘y and eoarse-grained, but 
red granite also occurs, as at Tiowlesw'orthy 
in tlie w^estern yiart of Dartmoor. Although 
used locally since yirehistorie times, (.Virnish 
granites were not systematically quarried until 
eaily in the eightei-nth century; one of the 
fir.st quarries to be developed was the De Lank 
quairy near Bodmin, which suyiyilied the 
material for the exterior ol the Eddystono 
Lighthouse in 1759. Dartmoor granite w-as 
sent to London in 1817 for the eonatruetion 
of Waterloo Bridge, and in 1831 fur London 
Bridge. The graniic.s of Scotland are of great 
industrial imjiortanee. AlKudeeii granite vas 
first brought to Loudon for yiaving in 170-1, but 
the great develojmient of the trade dates from 
about 1850. The Aberdeen stone, valued for 
monumental wmrk, is of a grey or lilne tint, 
whilst that of Peterhead is usually of a fine 
pink colour. The Ross of Mull in Aigyllshire 
furnishes a handsome pink granite, yielding 
blocks of exceptional size. Granite is also 
quarried in Kirkcudbrightshire, the grey stone 
of ])nlbeattie being well-known in commerce. 
Ireland is rich in granites. The very large 
T^.inster mass, in the counties of Dublin, Wick- 
low% Wexford and Carlovir was quarried as 
early as 1680. Other important occurrences 
are in the Moiirne Mountains in (Jo. Down, and 
in Co. Galway and Co. Donegal. Other British 
occurrences are in the Seilly Islands, Jersey 
and Guernsey, Lundy Island, Malvern Hills, 
Mount Sorrel in Leicestershire, Skiddaw, Esk- 
dale, and Shap in the Lake District, the Sam 
district in North Wales, and Foxdale and Dhooii 
in the Isle of Man ; and in Scotland man> other 
localities in addition to those mentioned above. 

Granite is extensively used as a building 
and paving stone, and owing to its massive 
character and durability it is especially useful 
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where massive constructive work is required, i 
as in tho foundation of buildings, in docks, sea- 
walls, piers of bridges, lighthouses, etc. Taking 
a high polish, which is retained on exposure to 
weather, and being suitable for carvjng, it is 
much in demand for ornamental and monu- 
mental w^ork. Refuse from tho quarries is 
dressed as paving setts, or kerb stones, or crushed 
and screened for road metal, railway ballast 
and granite' chips. Partly weathered granite 
Ircmi near the surface, esjM?cially when covered 
by a soil rich in humic acids, shows dull cloudy 
lelspars and the darker silicates have a rusty 
aiqiearance, and the rock itself is often quite 
(■nimbly. This surface w'eathering may some- 
times extend to considerable depths, and under 
certain conditions china-stone or china-clay 
iniiy result. Tho solid fresh rock is, however, 
little atlected by weatlieririg processes when 
( riqiloyed as a building stone. Tho most iin- 
]iort}irit cause of disintogratiori under these 
conditions is that due to the unequal degree of 
c'fiiansion and contraction of tho ditfcrciit 
minerals w ith changes of temperature ; coarse- 
grained granites aie more affected by this 
.igericy than the liner-grained varieties. Tho 
baiidsome coarse-grained Rapakivi granite of 
Pinland lacks durability on this account, 
((laiiite has further the delect that it does 
not resist lire viell. The eracking and sealing 
of the sill fare is duo to the presence in the 
(luarlz of vast numbers of micioscopic cavities, 

( oiilaming water and liquid carbon dioxide. 
Stone containing nodules and sper'ks of iron- 
jiyiiles should be avoided, since this mineral 
I caddy decomposes, ])roducing free acid and 
iiiisiglitly brown stains. Of special varieties 
uscfl for ornamental purposes mention may be 
made of luxulharutf, and orbicular or spheroidal 
giaiiito. The former, from liUxulliaii in Corn- 
wall, consists of huge porphyntu! crysta 
pink fcKspar set in a black matrix of tourmaline 
and cjiiartz. A good set of large polislicd blocks 
and slaliH of orbicular giaiiitc from se 
localities IS disjihiycd in the Mineral Gallery of 
the Ilritish Muscimi (Natural History). Granite 
wa.s used as an oiiiamcntal st(jnc by the ancicii 
Kgvjitians and tho Romans. 

Granite rocks are alwrays divided naturally 
by joints, which usually run in three directions, 
a [iiiro.Yimatcly at riglit angles, thus enabling 
the rock to bo quarried in roughly cuboidal 
blocks. These are sometimes of considerable 
size, jiroviding, for example, tho obelisks up to 
lOO ft. in length obtained by the ancient Egyp 
l ians in the quarries of pink hornblendc-biotito 
granite at Assoiian (Syene) in Upper Egypt. 
Tlie blocks are split up by “ jdug and feather ' 
wedges, the splitting taking place more readily 
m certain directions, know'ii to the quarrymen 
as the “ rift or " grain ” of the stone. This ii 
^oinetinies duo to the presence of flow structure 
in the rock with a parallelism of the flakes of 
mica, but at other times it is apparently due 
to the effect of stresses. When the surface is 
required to ho dressed smooth, it is “ fine-axed ’ 
hy continual tapping, at right angles to the face, 
\iith a special form of axe. Slabs are cut by 
diamond saws, and columns up to 8 ft. in dia- 
meter arc turned in the lathe with diamond-set 


tools. The polishing of granite is effected by 
:;aat-iron planes worked over the smoothed siir- 
ace, first with sand and water, and then with 
!mer 3 ', tho final polish being given with putty 
powder applied on tliick felt. In tlus way even 
elaborate mouldings arc polished. The name 
granite i.s sometimes incorrectly ajiplicd as a 
rado-nainc to stones of other kinds, c.g. “ black 
gramte ” to a gabbro or other dark-coloured 
Igneous rock of granitic texture, “ Petit granit *’ 
'.-o a black Belgian marble spotk'd with w^hito 
mcriiiites, “ Meiidip granite ” to a limestone, 
and “ Jngleton gramte ” to a conglomerate. 

Veins of metalliferous ores frequently occur 
n connection with granite masses, either in 
.he granite itself or at Its junction with the 
surrounding rocks. Tin ore, in particular, is 
almost always found only in association with 
;ranite. The pegmatite veins occurring in 
■onncciioii with granite often carry various gem- 
stone.s (tourmaline, her}!, etc.) and rare-earth 
minerals. 

Hffercnres. — G. E. Harris, “ Granite and our 
Granite Industries,” London, 1888. J. Watson, 

‘ Britisli and Foreign Ruilding fStoiies,” Cam 
bridge, 1911. J. A. How'c, ” Geology of Build- 
ing Stones,” London, 1910. G. R. Merrill, 
“ Stones for Building and Hecoratioii,” .'Ird ed.. 
New' York, 1903. .1 G. C. Anderson and M. 
Maegregor, “ The Granites ol Scotland,” Mem. 
Geol. Survey, 1939. On the granites of tho 
eastern United States, .icc T. N. Dale, Bull. U.S. 
Geol. Survey, 1907, No. 313; 1908, No. 354; 
1909, No. 404; 1911, No. 481. 

L. J. S. 

GRANITE-APLITE {v. Vol. Ill, 32d). 

GRANITE-PEGMATITE (vol. Ill, 32d). 

GRAPE. Tho fruit of Vitia spp. Euro- 
pean varieties are normally derivi'd from V, 
vhiifera L. According to Winton, American 
varieties have been bred from V. lahruscM L. 
(tho fox grape), V. (leMivalis Mirhx. (the 
summer grajie) and V . rotiindtfolia Miehx. (the 
Museadme or southern fox grape). The famous 
American variety “ CVmcord ” is deriv^od from 

V. labrmca. It is used for dessert and for the 
manufacture of grape juice, but is less favoured 
lor the making of wdne or of raisins. 'J'ypical 
analyses of the fruit include : 



Hp. 

Pio- 

teln. 

Fat. 

Fibre. 

Curbo- 

iiydrates. 

Aflh. 

European 
(vviiole) ^ 

79 1 

0 7 



2 1 

10 0 

0-5 

European 
(skin) ^ . 

70 

1-5 

0 9 

2 1 

18 4 

(J 6 

European 

(sef'ds) 

:i8-7 

& J 

8-C 

27 0 

18 9 

0 7 

American 
(whole) 3 

77-4 

1 3 

1 0 

2 2 

17-0 

0 5 

American 
(nkin and 
pulp)* . 

8M 

0 4 

02 

0-6 

17-3 

0-4 

Amciicnu 
(pulp) * . 

82 3 

0 5 

02 

0 2 

IflC 

0-33 


^ Koiilg, '* Analysis of Foods.’ 

* IJallaiul (Kcv. Intern, falsif. 1000, 13. 92). 

® Atwater and llryarit (U.S. Bept. Agrlc. Off. Exp. 
Sta. null., No. 28 rev. (1900)). ^ ^ „ 

* Miller and Hazoiie (Hawaii Agrlc, Exp. Sta. Bull. 
No. 77 (1937)). 
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The compoHition of grape juice varies consider- 
able with the stage of maturity of the harvested 
fruit and with growth conditions. Varietal 
differences may also he considerable. The 
siorago quality and IJavour of the fruit and the 
quality of preserved juice are largely eontroUod 
by the proportion f>f sugars and acids (mainly 
tartaric and malic) pj'csent in the juice. Among 
data for American varieties may lie recorded the 
following perctmtage analyses of the juice : 



I. 

ir 

III, 

'I’otal solids 


20 1 

19 3-22 2 

I’mtclii 

0 7-0 4 

0 4 

0 27- 0 45 

I'otal adds (as hirtaiif 




odd) . 

0 4-0 R 

0 u 

0 7- 1 0 

Tarf Ultras (ditto) . 

i) :i-u T) 

U 7 

0-6-0-7 

Tll\M-lt SUKiM 

VI 3-1:4 4 

18 0 

17 0-10 0 

iSiifiosr 

0 0- J i) 

0 0 

00 

'Ian I till ... 

0-03 

0 on 

OJ-0‘4 

Ash . 

0 2 

03 

0 3 


J. VaricticH fioin V. rotuiKli/olia, Gore (liid. Eng 
GMeiu. JUOy, I, 4;16). 

J], (Jiitawba viiiiety from V. lahru^m. Gore (l.r.). 

111. Goiieord, Hartman and Tolrmiii (U S. Dept 
Agile. Hull. (30« ntDB)). 

In juice from European varieties Colby reports 
variations in reducing sugar contents of 19-8- 
23-1%, in total sugars 210-23'i3% and in free 
acids (as tartaric) 0-3Ci-005%. Caldwell (J. 
Agric. U(‘H. 1 925, 30, 1 1 33) in a study of the effort 
of growth conditions reports the analyses of 
49 varieties of juice grown in the same locality 
during live successive seasons. Minimum and 
maMimim percentage values obtained were: 

Total solids 12‘9-26-0 

Free acid (as tartaric) . 0 5-2*1 

Invert sugar 8- 9-24*8 

Sucrose 00-5-6 

Tanuin 003-2 -4 

In Muscadine grapes, which yield 3-5 gallons 
of juice per bushel, Armstrong et al, (Georgia 
Agnc. Exp. Sta. Bull. 185, 3 (1934)) report 
the following ranges in juice characteristics : 
total solids 12'8-21-3%, J}r 3 42-2 96, tannins 
002-0-417%. 

During the ripening of grapes the juice com- 
position shows a marked increase in sugar con- 
tent and a diminution in acidity. Doss of 
acidity falls mainl}’^ on the malic acid : the total 
tartaric acid content is not greatly altered 
(Garino-Canina, Ann. Accad. Agric. Torino, 1914, 
60, 233; l'"errt^, Ann. Falsif. 1928, 21, 75), al- 
though there is some conversion of free tartaric 
acid into tartrates (Brunet, Rev. vit. 1912, 37, 
15). The ratio siigar/acid in the juice serves 
as a measure of ripeness of the fruit, complete 
ripeness corresponding to a ratio of 30 (Hugues 
and Buffard, Ann. Falsif. 1936, 29, 279) and 
commercial maturity with a rat^o of 25 (Meurice 
and Boulle, Bull. inst. agron. et sta. rcchcrches 
Gembloux, 1936, 4 , 22). Mathieu (Ann. Agron. 
1937, 7, 249) states that juice of ripe dessert 
grapes should show a sugar/acid ratio of not less 
than 25 and not below 1 070. 

In Concord grapes Nelson (J. Amer. Chem. 
Soc. 1925, 47 , 1177) found the acids of the 
juice to consist of d-tartaric (40%) and 1-malic 


acid (60%). Small proportions of citric acid, 
however, are reported by Hartmann and 
Hillig (J. Assoc. Off. Agric. Chem. 1928, 11, 
257) and by Heiduschka and Pyriki (Z. Unters. 
Lebensm. 1929, 58, 378). The flavour of wine 
from northern grajics is said to bo influenced by 
the presence of lactic acid in the fresh juice 
(Schindler and HulaC, Chem. Lisiy, 1929, 23, 
73). Glyoxylic acid occurs in unripe fruit 
(Semichon and Flanzy, Rev. vit. 1933, 79, 197) 
and a hexuronic acid (m.p. 165°) is reported in 
purple grapes by Cahill (Bull. Soc. Chim. biol. 
1933, 15, 1462). 

Fresh grape juice contains pectin and a partial 
clarification of the juice results from the action 
of enzymes of PeniciUium glaucitm which con- 
vert part of the pectin into soluble compounds 
and precijiitate the remainder together with 
suspensoids (Willaman and Kertesz, Now York 
Agric. Exp. Sta. Tech. Bull. 178, 181 (1931)). 
Barbcra (Ann. tech, agrar. 1933, 6, No. 3, 1, 
229, 350) isolated from grape jiiieo a pectin 
yielding on hydrolysis anibinosc, xylose. galac*\ 
tose, galaeturonic acid and methyl alcohol. , 
Its methoxyl content w^as less than that of orange 
peeijii. 

The odour of grape juice is ascribed to the 
presence of methyl antbranilatf’, of which 0*2- 
2-0 mg. per litre of juice is reported by Power and 
Chesnut (.). Amer. (^hern. Soc. 1921, 43, 1741). 

Uidermented grape juice is prcseivi'd com- 
mercially by pastoui isation or is concentrated 
by luw-presHuie distillation. In the latter con- 
dition it is sometimes reAuTcd to ns grape 
“ honey,” an analysis of wlii(‘h is recorded by 
Oaseno (Ind. ital. eons, aliment. 1936, 11, 51) 
as HgO 24, ether extract 0-7, ash 9*9, total 
sugars (as invert) 72, reducing sugars (as fruc- 
tose) 6(>-8, protein 0-79, total acid (as malic) 
1-5%. Gachot (Proc. 51 h Intern. Cong. Tech. 
(3ieiii. Agric. Jnd. Holland, 1937, II, 445) 
describes the yiasteurised juice as having d 1 072, 
dry matter 19, sugars 15-6 and ash 0-29%. 

The anthocyanin pigment of European grajies 
iscenin, 1 4 H 2 O, a monoglucoside 

of diinethyldclphinidin (cenidin) chloride, 
C 17 HJ 5 O 7 CI (Willsiatter and Zollinger, Aniialen, 
1915, 408, 83; 1916, 412, 195). Anderson (J. 
Biol. Chem. 1923, 57, 795; 1924, 61, 97) 

isolated from Concord grapes a monoglucoside of 
the monomethyl ester of delphinidin. Both 
anthocyanin and anthocyanidm pigments were 
obtained from Italian grapes (Parisi and Bruiiii, 
Staz. sper. agr. ital. 1926, 59, 130). 

Grapk-seep 

Raisins and ci^RRants represent a wide range 
of varieties of dried grapes. Borntrdgcr (Z. 
Unters. Nahr.-u. Geniissm. 1899, 2, 257) gives 
the average percentage analyses of samples from 
several Mediterranean countries as : 


Source. 

H 2 O. 

Adds. 

Suffars 

Aali. 

Spain (muscatel) . 

251 

1-25 

65-2 

1-7 

Italy (raisins) . 

261 

1-31 

671 

1-6 

Palestine (raisins). 

22-7 

1-22 

69-8 

1-5 

Syria (raisins) . 

— 

10 

61-8 

1’8 

Zanti (currants) 

— 

1-4 

660 

1-7 

S. Maura (currants) 

— 

1-4 

660 

1-9 
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RaUlnB. 

Currants. 

Water .... 

24-5 

25-4 

Nitrogenous matter 

2-4 

1-2 

Fat 

0-6 

— 

Free acid 

1-2 

1*5 

Invert sugar. 

59-3 

61‘8 

Sucrose .... 

20 

— 

Other carbohydrates 

13 

6-9 

Crude fibre and seeds 

7-0 

2-4 

Ash 

1-7 

18 


Konig’s average data for raiema and currants 
are given in the table opposite. 

Average analyses for the edible portion of 
American raisins arc given by Atwater and 
Bryant {l.c.) as HjO 14-6, protein 2-6, fat 3-3, 
N-free extract and fibre 761, asb 3'4%. 

Ratsin-seed oil (y. Grape-Seed Oil). 

Recorded mineral analyses of grapes and their 
products include ; 



Fresh fruit 
(European) ^ 

Fresh fruit 
[Concord) * 

Skin.3 

Seed “ 

Jiiiee 

" Honey.’ 

K^O . 

01 9-0-35 

0-22 

0-40 

0-28 

0-25 

0 19 

NagO . 

OOl^Ofi 

0-004 

0-03 

0-03 

0-01 

— 

CaO 

002-003 

0-03 

0-13 

0 31 

U 02 

0-16 

MgO . 

001-002 

0-21 

0-03 

0-08 

0 02 

— 

■ 


— 

0 12 

0-005 

0006 

0003 

Mn304 


— 

0005 

()-003 

0-02 

- - 

P2O5 ■ 

008-0-18 

0-04 

0-16 

0-22 

0-05 

0 61 

SO3 . 

001-003 

— 

005 

()-02 

0-02 

— 

SiOa . 

002-003 

— 

0-02 

001 

0 01 


Cl . 

000-002 

0-001 

0-005 

0-00.3 

0-004 

— 


Biolelti. 

* Atwater and Bryant. 

Konlg. 


L'userlo. 


Boric acid and traces of copper, aluminium and 
zinc have been reported by various observers. 

A. G. Po. 

GRAPEFRUIT. The fruit of Citrus decu- 
inana Murr., sometimes described as C. yrandis 
Osbeck or C, aurantium var. grandis L. The 
(ommon grapefruit is grown widely in the 
tropical and subtropical areas of North America 
and of Africa. The “ pomelo ” is a pear-shaped 
variety with thick rind. In Hawaii a similar 
vanet}^ is known as the “ shaddock.” Wiiiton 
(“ Composition of Foods ”) quotes the per- 
centage analyses (shown opposite) for the edible 
portions of the fruits : 



Grnjietruit 

I’oiiiclo, 

Shiiddoc 

Water . 

88-1 

87-7 

88-5 

Protein 

0() 

0 7 

1-2 

Citric acid 

0 7 

1-1 

0-3 

Total sugar . 

6-6 

{) 2 

H 1 

Sucrose 

3-9 

(i 2 

7-3 

Ash 

0 43 

o-(;3 

0-49 


Joachim and Pandittosekere (Trop. Agric. 1039, 
93, 14) report analyses of grapefruit grown in 
Ceylon and quote comparative data for the juice 
of fruit from a number of sources ; 



I. 

11 . 


FI(m ida 

Trinidad 

Juice, % .... 

Citric acid, g./lOO c.c. . 

0 9-1-4 

1-0-M 

Total solids, g./lOO c.c. 

6-9-9-7 

8-6-9 2 

Total sugars, g /lOO c.c. 
Reducing sugars, g./lOO 

4-8-6-2 

6r)-7-3 

c.c 

3-4-40 

4 8-5 1 

Solids/acid .... 

7-2-7-8 

8-3-9-0 

Ph 

3-0 

31-3-3 


III 

JV. 


V. 

VI. 

VIJ 

Puerto 

Rico. 

Ti'xuh. 

Is 

AFi it'll 

.Tainaicu. 

Ccvioii. 


35 9-58-9 






30-5-55 2 

11 

1-0-1 -4 


1 5 

0 8-1-5 

0 9-1-9 

8-1 

8-3-10-5 


— 

9 8-11-8 

70- 10-7 

4-8 

5-7-7-0 




4 2-7-5 

3 1 

2 3-3 2 


4 6 1 


2 1-40 

7 1 

7-7-9-0 



7 3- J 3-3 

4-6-89 


3-2-3-3 


3-4 1 

— 

3 3-40 


J. Roberts and Gaddum, liid. Eng Cheni. 19J/. 29 , j>74 
IT, III. Hardy and Rodriguez, 

IV. Traub and Friend, Texas Agric. Bxp. 8ta. Bull 1930, No. 419. 

V Jurltz, Union S. Africa, Dept. Agric. Scl. Bull. 1925, No. 40, J. 

VI Croucher, Jamaica, Dept. Scl. Agric. Bull. No. 5. 

VII. Joacldm and Fandlttesekorc, i.c. 


The pomelo juice is somewhat more concentrated. In addition to citric acid smaller amounts of 
analyses showing an average of: solids 12-2, malic and traces of tartaric and oxalic acids 
e ttric acid 2-5, total sugars 8-7, sucrose 5%. occur in the juice. In Palestine fruit, Men chikow- 
VoL. VI.— 9 
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aky and Popper (Hodar, 1932, 5, 181) record: 
citric acid 0-07-1 *16, tartaric acid 0 0003- 
0-0007, malic arid 0 007~0 010 and oxalic acid 
0-002-D-005%. 

Nelson and Keenan (Science, 1933, 77, 601) 
report 0-0028% of inosite in grapefruit juice. 

During the ripening of grapefruit the ratio of 
Bugar/acidity in the juice increases and ia an 
approximate measure of maturity for commercial 
purposes. Hyatt (New Zealand J. Sci. Tech. 
1930, 18, 409) considers the ratio of total solids 
(Brix) to acidity should be 6 or over in palatable 
fruit. Investigations of Zollor (Ind. Eng. Chem. 
1918, 10, 364) and of Hawkins (J. Agric. Res. 
1920, 20, 367; 1921, 22, 263) show that the 
change in sugar/acid ratio in normally rijiening 
fruit is brought about by a relatively larger 
diminution in acid content than the increase 
in sugar. Storage of the fruit in warm con- 
ditions causes a marked increase in acidity with 
only a small change in sugar content, whereas 
during storage at 0° there is a considerable 
decrease in acidity, the sugar content again 
showing little change. There is a small increase 
in Ph juice during maturation, but the 

relationship is not sufficiently uniform to be 
of commercial interest (L. Smith, Florida Dept. 
Agric. Chem. Div. Rept. 1933/4, 85). Grape- 
fruit juice is a rich sauce of vitamin C and also 
contains appreciable amounts of vitamin B. 
Its vitamm A content is small. 

The bitter principle of grapefruit rind is the 
fiavaiione glucosido naringin which gives on 
hydrolysis d-glucose, i-rhamnose and naringenin 
(5:7:4'-trihydroxyflavanone). The amount pre- 
sent ranges from 0*14-0-8% of the weight of the 
whole fruit. 

Steam distillation of the rind produces 1-5% 
of a yellow essential oil, 1-475-1-4786, 

0- 846-0-860, consisting of d-limonone 90-92, oitral 
3-6, a-pineno 0-6-1 -5, geraniol 1-2, and linalool 

1- 2%. The expressed oil from the rind, on dis- 

tillation first in vacuo and then in steam, leaves 
7-5% of a waxy residue (Nelson and Mottern, 
Ind. Eng. Chem. 1934, 26, 634). The wax con- 
tains solid fatty acids of molecular weight corre- 
sponding to C;i 2 ^e 402 « together with linolenic, 
liiioleic and oleic acids, a sapogenic ketone, 
CgiHgjO, ra.p. 253°, hydrocarbons (mainly 
^ 29 *^ 60 C 3 i*^e 4 )» ^ phytosterol, CjgH^^OH, 

m.p. 132°, and urabelliferone (Markley et id., J. 
Biol. Chem. 1937, 118, 433). The pectin content 
of the peel frequently exceeds 10% of its total 
weight (c/. Poore, Ind. Eng. Chem. 1934, 26, 
637). 

The colour of grapefruit rind is due to a 
phlobatannin which darkens on exposure to air. 
Pink varieties contain lycopene and )8-carotene 
(Matlaok, J. Biol. Chem. 1936, 110, 249). 

From grapefruit pulp Hiwatari (J. Biochem. 
Japan, 1927, 7, 169) has isolated glycine-betaine, 
stachydrine and putrescine. 

Chace (U.S. Dept. Agric. Bur. Chem. Bull. 
1904, No. 87) shows the ash of grapefruit to 
contain KjO 44-2, CaO 7-3, MgO 3-9, Fej 03 
1*3, PgOs IM. SO 3 3-4 and Cl 1*4%, the total 
ash content being 0-39% of the weight of the 
whole fresh fruit. 

In recent years the rapidly extending canning 
process has led to the accumulation of much 


grapefruit waste (peel, rag and seeds). Thomas 
(Citrus Ind. 1934, 16, No. 11, 8-9) reports this 
as being of value as a cattle food, its analysis 
being : 


0/ 

/o 


Water . 

8-2 

Protein . 

4-9 

Fibre 

11-9 

N-free extract . 

69-6 

Ether extract . 

M 

Ash .... 

4-23 

GRAPEFRUIT, 

A. G. To. 

ESSENTIAL OIL OF 

K Gkatefruit). 

GRAPE-SEED 

OIL (RAISIN-SEED 


O I L) is obtained commercially from the residual 
pips recovered from the processing of the wine- 
grape (varieties of the old-workl Viiis vinifera 
L., the American V. labrusca, V. scstivalis and 
V. riparia, and their hybrids) for the manu- 
facture of wine or of seedless raisins (especially 
in California). The pips contain from G to 20% 
of oil, which may bo recovered partially by ex- , 
pression, or in higher yield by extraction with 
solvents; the crude grape marc from the wine- 
pressing may bo distilled as usual if desired 
before separating the pips. Since the first com- 
mercial trials in Italy in about 1770, grape -seed 
oil has been of occasional local importance 
(chiefly when other oils have been scarce) in 
many European wine-growing countries such as 
Italy, France, Germany, Austria and the Balkan 
States ; recovery of grape seeds for oil manu- 
facture was made compulsory in certain districts 
of Germany in 1938-39. The better qualities of 
the oil are used for edible purposes, whilst the 
lower grades may be employed for the manu- 
facture of soap, paints, linoleum, etc. In Cali- 
fornia refined raisin -pip oil is used as an edible 
(salad) oil, for the coating of seeded raisins to 
prevent stickiness and for the manufacture of 
cosmetic preparations, as well as m the soap- 
making and paint and varnish industries {v. 
A. M. Paul, Food liid. 1934, 6, 444 ; Eaton, Soap 
Trade liev. 1937, 10, 497 ; Kabak, J. Ind. Eng, 
Chem. 1921, 13, 919 ; H. A. Gardner, U.S. Taint 
and Var. Manuf. Assoc. Scient. Sect. Circ. No. 
190 (1923); II. Scheiber, Farbe n. Lack, 1936, 
17, and later papers; Brambilla and Balbi, 
Chim. c. ITnd. 1936, 18, 353; 1937, 19, 10; see 
also Bonnet, Bull. Soc. d'Encour. 1927, 126, 523 
(review of French industry) : Fritz, Chem.-Ztg. 
1935, 59, 704 (German production)). Grape- 
seed oil is not satisfactory for the manufacture 
of Turkey red oils, nor as a lubricant ; Margaillan 
states, however, that blown grape-seed oil may 
be used for the latter purpose (Bull. Soc. 
d’Encour. 1927, 126, 560; Compt. rend. 1927, 
185, 306). 

Cold pressed grape -seed oil from fresh seeds 
is pale in colour and satisfactoiy in flavour; 
it is stated by Eaton, however {see Jamieson and 
McKinney, Oil and Soap, 1936, 12, 241), that 
both the freshly express^ crude oil and refined 
oils give a positive Kreis test. The technical 
oils vary in colour, acidity and taste according to 
the age and condition of the seed treated, but 
can be refined fairly easily. 

The chemical constitution of grape-seed oil is 
still uncertain, as the data record^ for the oil 
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by various observers are very conflicting (cf. 
collected data in reviews by Pritz, Seifens.>Ztg. 
1927, 54, 704, and Balbi and Brambilla, 05i 
Min., Olii e Grassi, Colori e Vernici, 1937, 17, 
Nos. 3-7). The fact seems to be that the 
character of the oil varies widely from sample to 
sample ; the variety of the plant (and there are 
supposed to be over 600 varieties of V. vinifera)^ 
the nature of the climate and of the soil aro all 
factors which appear to influence the com- 
position of the oil to a degree which is unusual 
among vegetable oils. 

On the whole, the evidence suggests the exist- 
ence of throe main types of grape-seed oil. 

(a) Tfie Hydroxylaled or “ Castor Oil *’ Type . — 
The early investigator Horn (Mitt. Gew.-Mus. 
Wien, 1891, 185) and later Paris (Staz. sper, 
agr. ital. 1911, 44, 669) reported iodine values of 
94-96, saponification values of 178-179 and 
very high acetyl values, viz. 144Ti and 143, which 
were regarded as characteristic of grape-seed oil 
and indicative of the presence of glycerides of 
hydroxylated acids of the castor oil type. 
Considerable doubt has been cast upon the 
validity of these early results, as the methods 
employed for the determination of the acetyl 
value are open to adverse criticism ; also in most 
rases the oils were highly acid and it has been 
ioiiiid that some grape-seed oils, at least, are 
liFible to develop high acetyl values upon ageing 
{cf. also Delaby and Charonnat, Compt. rend. 

1930, 191, 1011). Nevertheless, although such 
high acetyl values have never boon observed 
again, the iairly recent examination of a large 
number of grape-seed oils of different origin by 
Andre {ihid. 1921, 172, 1296, 1413; 1922, 175, 
107; 1923, 176, 686, 843; Andre and Canal, 
bull. Soc. d’Encour. 1927, 126, 642; Tiiufel, 
Fischler and Jordan, Allgem. Gel- l''ett-Ztg, 

1931, 28, 119; cf. Eettchem. Umschau, 1934 
41, 196) and Otin and Dima (Allgem. Ocl 
Fett-Ztg. 1933, 80, 71, 135; 1934, 31. 107 
cf. Heal and Beebe, J. Ind. Eng, Chem. 1916, 7, 
1054), seems to afford confirmation of the 
existence of a moderate amount of hydroxylatec 
acids in certain grape-seed oils. Out of som« 
40 laboratory-prepared and 6 commercial samplei 
studied by Andr6, 6 had acetyl values between 
20 and 60, whilst one — a commercial sample 
from Oran, having 40% free fatty acids — had ai 
acetyl value of the order of 66. Most of the 4( 
Rumanian oils examined by Otin and Dimr 
had hydroxyl values ^ in the region of 4( 
(equivalent to acetyl values of c. 39), the figure 
being HoniG'Avhat higher (50-60) in a few cases 
They give the following composition for an oi 
(iodine value 124, hydroxyl value 34-8) from 
Southern Bessarabia: hydroxy-acids 11-8% 
oleic acid 31 0%, linolic acid 43-7%, linoleni 
acid 014%, palmitic acid 6-2%, stearic acie 

glyceryl residue (C3H5) 4 04%, un 
saponifiable matter 0-59%. 

Ttiufcl reported hydroxyl values of 92 an 
76 (equivalent to acetyl values of c. 86 and 71, 
respectively) for two oils of acid value 61 and 7 
respectively : in both eases the fatty acidi 
prepared by saponification had hydroxyl valuei 

^ 'J'he hydroxyl values were determined by Nor 
luanu's method; the approximate equivalent acety 
values have been obtained by calculation. 


44-46 (acetyl values c. 46) which appears 
o confirm the existence of hydroxy-acids, 
further evidence is supplied by Andr^ (l.c. 
921, 1923) who claims to have Bcparated a 
lixturo of a saturated and an unsaturated 
lydroxy acid (C^^ or C„ ?) from a sample 
aving an acetyl value of 49. Ricinoleic acid 
tself, however, is not present. 

It must be noted that all these recent spcci- 
tnens had iodine values between 124 and 142 
mostly between 132 and 139) and saponification 
ahies between 186 and 192 (most 189-190), and 
L seems likely that the low iodine values found 
►y Horn and Paris were a consequence of the 
xidatiun of the oil, since it has been sliowm by 
Otin and Dima that the iodine value falls very 
ionaiderably when grapo-secd oils are stored in 
vho presence of air. No correlation can yet be 
drawn between the acetyl value and the variety 
if the grape or ecological factors ; there can 
iven be considerable variation in the acetyl 
iraliic of oil from scodH harvested in the saiiic 
vineyard in successive seasons (Andre), but it 
ijipcars on the whole that a hot dry climate 
and a dry lime soil favour the production oi 
ydroxy -acids. 

It is doubtful whether oils having acetyl values 
n the region of 18-25 {cf. Faeliiiii and Dorta, 
tb Jut. Congr. Ajipl. Chem. 1909, Seet. IV, A 1, 
2 H ; Andri!^, l.c. ; Jamieson and McKinney, 
.c.) should be included in this groiij) or under 
r) {below). 

{b) The “ Erucic Acid ” Type. — The occur- 
rence of erucic acid in grape-seed oils was rc- 
lorted by Fitz (Ber. 1871, 4, 442, 910) and again 
jy Paris {l.c.), but was disputed by sub8e(]uent 
investigators including dell’Acqua (Ann. chim. 
appl. 1914, 2, 295) and Jamieson and McKinney 
(Oil and Soap, 1935, 12, 241). Its presence, 
lowcver, was again affirmed by Carriero and 
Brunet (Cornpt. rend. 1927, 186, 1516) and by 
Miksift and lleiek (oil from the Ameriean 
hybrid vino “Noah” grown in Jugoslavia: 
BuU. Soc. chim. Roy. Jugoslav. 1930, 1, No. 2, 
32). 

f) The Snni- Drying Type of UrapeSeed Oil 
is undoubtedly the most common. Erucic acid 
is absent, and as a rule the acetyl value is very 
low, although technical oils may show fairly 
high acetyl values owing to the formation of free 
fatty acids, mono- and di-glycendes by partial 
hydrolysis. The iodine values generally run 
from 130 to 140 (Andre records a maximal 
figure of 157); the saponification values are 
normal (c. 190) and the oils exhibit moderate 
drying properties which render them suitable 
as partial substitutes for more unsaturated oils 
in the paint and varnish industries, etc. The 
composition of the fatty acids of a Californian 
raisin-seed oil (iodine value 129) of this type 
(acetyl value 18-8, acid value 0) is given by 
Jamieson and McKinney, l.c. {cf. Taiifcl el al., 
l.c.) as follows : palmitic acid 6-3 ; stearic acid 
2*9 ; oleic acid 33-6 ; linolic acid 62-7 ; linolenie 
acid 24%. Traces of arachidic acid and 
melissic acid (probably derived from the wax 
on the seed coats) were also present {cf. Balbi 
and Brambilla, Olii Min., etc., 1937, {.c. supra i 
Kaufmann, !]^tto u. Seifen, 1938, 45, 288). 
An oil (iodine value 137-8) examined by Kaiif- 
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mann and Fiedler {ibid. 1937, 44, 286) contained with hydrogen sulphide (Hofmann, Frenzel and 
10-8% of saturated acids but no linolemc acid. CsaUn, l.c.). 

The phytosterols of gra])e-Beed oil appear to Graphitic acid has been used in the prepara- 
consist chiefly of sitosterol with a small amount tioii of threads, films, etc., by evaporating 
of a dextrorotatory sterol (Antoniani and Zanelli, colloidal solutions (G.P. 298605), which are 
Atti. R. Accad. Lini^oi, 1932, (vij, 15, 284). reduced to graphite by phonylhydrazino vapour 

The residual sccd-c^ke after expression or ex- (G.P. 600768), and also as a binder for carbon 
traction of the oil is fairly rich in jirotein and anrl metal oxides in the manufacture of electric 
potaHsium phosphate and may bo employed as heating resistances (G.P. 512204). 
an animal feeding-stuff or as fcrtiliKcr. Jn the GRAPPIERS {v. Vol. II, 13.5/^). 

case of raisin-pips, 15% of tannins ran be GRASS-CLOTHS (?’. \'oI. Ill, 32ii). 

recovered after extraction of the oil, leaving a GRASS LAND. Attcntitui has recently 
lesiduc suitable for cattle -feeding (Kabak, Bull, been directed to the high proportion of inferior 
IJ.S. Dept. Agne. Bur. l*lant. Ind. 27fl (1930)). grass land in Biitain. R. G. fStapledon, “ The 
Hitherto it lias been usual to sejiarato the pips Land, ^^'ow and To-morrow, ’ P’aher and Faber, 
from the grape marc, before recovering the oil. 1935, discusses this aspect of our agriculture 
The fruit pulp, however, also contains a certain from a national point of view, and on the results, 
amount of fatty matter of a more saturated so far oliiaini'd, fivuii the applieation of his ro- 
eharacier, so that a trnxr'd iat, of which about search w'ork to the Calm Hill Improvement 
one-half is derived from the pips and the ri'st Scheme, Aberystwyth, has shown how each type 
liom tlie skins and jiulp, eaii be obtained by of grass land can be improved up to the level of 
treating the unseparated dried mine. Such a fat that TU‘xt higher in the scale. In a further book 
examined by dc Girvcs (Hull. Assoc. Cbim, entitled “A Survey of tho Agricultural and 
Suer. 1937, M, 140) had m.j). 51'’, sa[»oiii(ieation Waste Lands of Wales,” Faber and Faber, 1936, 
value 182, acid value 26 H. iodine value 118 and Stapledon and his colleagues have been able, on 
ilnsapoiiifiable matter 5% (Fachini, liid. Olii the basis of a botanical survey, to classify grass 
Mill. 0 . Grassi, 1930, 10 , 122 ; S. A. Fiibr. Chini. land uud jiroduco a map of tho grazings of 
Arenclla, F.P. 635628) Wales. Amongst points of exceptional interest 

F. L. I two are ot outritaiidmg importance: (1) good 
GRAPHITE (r Vol II, 313(/). ryc-grass grazings occupy only 16, 0(K) acres or 

GRAPHITIC ACID, graphitic oxide, 04% of the agiicultiiral area in Wales, and 
formed on oxidising graphite, e.(j. by treating it 2) A(/roiitis pasture and Alolinia-Nardus moor 
with potassium chlorate in nitric acid (Brodie, together occupy 54-8% of the agricultural area, 
Phil. Trans. 1859, 149 , 240; (). W. Storey, The 1.697,000 acres of pasture probably 

Trans. Flectro-chem. Soc. 1927, 53, preprint) oi represents the most easily improvable grass 
in a nitric- sulphuric acid mixture (U. Hofmann, land. 

A. Frenzel and E. Csalan, Annalcn, 1934, 510, Tho results of recent research into the possi- 
34), or by electrolytic oxidation of grajihite bilities of grass as a food for live-stock have 
anodes (U. Hofmann and A. Frenzel, Kolloid-Z. opened up new problems in connection w'ith grass 
1934, 68, 149). buid improvement. Earlier grass land research 

Grayihitie acid is a green -grey pow'der of com- dealt mainly with two aspects : tho effect of 
position approximating to CiiH 40 r,. It yields fertilisers, especially lime and basic slag, and the 
colloidal solutions on treatment with hot water production of new swards by sowing, mainly in 
and suffers complete disruption with CAohition the north of England and Scotland. Accounts 
of water vapour, carbon monoxide and carbon of this work are available in the Guides to tho 
dioxide on heating to 200'’. experiments on the Northumberland Gounty 

Attempts have been made to find a definite Gouiieirs farm, Cockli? Park (King’s (College, 
constitution and stoichiometric composition for Ncw'castle-on-Tyrie), and the publications of the 
graphitic acid (H. Thiele, Z. ariorg. (’hem, 1930, Nortli of Scotland Agricultural (;ollege, Aber- 
190 , 145; Kolloid-Z. 1932, 50, 129). On the deen. 

other hand it has been described as an adsorption Large areas of grass land have become so 
complex of graphite, water, carbon monoxide noticeably deficient in lime and phosphate that 
and dioxide. Recent chemical, X-ray and other the basis of the Government’s agricultural policy 
physical determinations have led to' a different as approved by Parliament in the Agriculture 
view’. It now seems established that graphitic Act, 1937, has been to subsidise the use of 
acid is formed by the insertion of oxygen atoms brae and basii' slag, 

lietw'cen the laiuimT of graphite and may be Limk-Dkficikncy. — In areas of acid soils, 
termed a tw o -dimensional maeromoleciilo. The especially on Coal Measures and Millstone Grit, 
X-T&y and other physical evidence for this struc- the main factor limiting grass land productivity 
ture includes tho molecular imi-dimensional is lime-deficiency. The effects of lime-deficieney 
sw'clling in polar solvents discussed by Bruins in the soil are accentuated in industrial areas by 
(Rec. trav. cbim. 1935, 54 , 317). The smoke pollution, which has an indirect effect 

chemical evidence for this conclusion is briefly : on the crop through the soil and a direct effect 

Grapliitic acid may be reconverted into graphite on the plant itself. An abnormal accumulation 
by moderate heating (U. Hofmann and A. of sulphur compounds in soil and crop is notice- 
Frenzel, Kolloid-Z. 1932, 58 , 8); the carbon/ able under such conditions, and the effect is 

oxygen ratio varies betw'ccn 2-9 and 3*5 but worst on perennial crops such as grass. The 

oxygen is never expelled as such nor directly as application of lime quickly increases the calcium 
water ; further, oxygen may be replaced by content of tho herbage, but a change in the 
sulphur yielding graphitic sulphiae on reducing botanical composition is slower in appearing in 
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permanent grass. It is usually more economical 
to plough out the old sword, incori^orate lime 
with the newly turned soil, and re -sow. 

Phosphate-Dtsficiency. — Most clay soils, 
but e8i>eoially Boulder Clays, exhibit serious 
phosphate-deficiency when under grass. Phos- 
phatic fertilisers differ somewhat in their effec- 
tiveness according to soil and climate, but cor- 
rectly used they have a marked effect on the 
clover content of a sword and subsequently, 
through enhanced fertility, on the productivity 
as a whole. Phosphoric acid recovery in the 
herbage on seriously phosphate-deficient soils 
is low (E. M. Crowther, J. Roy. Agric. Soc. 
1934, 95 , 34). On Boulder Clay at Cockle Park 
the recovery from one application was less than 
10% over a period of 3 or 4 years during which 
frequent cuts were taken. The balance t)f the 
PjOg is still held in the surface soil. After ! 
regular applications of basic slag for 40 years the 
recovery is higher, and it apjiears as though a 
certain <lcgr(‘e of soil saturation in regard to 
phosphoric acid has to be reached before a 
rea.sonablc recovery fd' add(!d PoO,; is possible 
in the herbage (d. A. Hanley, Proc. 4th Inter- 
national Grassland Congress, Aberystwyth, 
1937). 

Recent research has shown that the actual 
returns from the use of feitiliseis depend veuy 
much on the efficiency of the “ management of 
the grass, i.c. the methods of utilising the crop. 
Methods of cutting and grazing can exert 
almost as big an iiiflueiK'c on the sward us 
methods of manuring (iMartin Jones, Empire 
J. E.xp. Agiic. 1933, 1, JSIo. 1, 43-45). In fact 
the condition of large areas of our natural and 
semi-natural grazings is diui entirely to manage- ' 
ment methods. The influence of extensive sheep 
grazing, tho burning of heather grazings, the use 
of cattle, the stage at which grass is grazed or 
cut, and the taking of regular hay crops, all affect 
botanical composition and quality. 

Quality may be affected to such an extent that 
herbage becomes seriously niincral-dcficieiit. 
Overseas, in the Dominions and elsewdn're, 
deficiency diseases arc eoniinon and well recog- 
nised (J. B. Orr, “ Minerals in Pastures,” I^cwis, 
1929). In this country they are not so pro- 
nounced, but there is a good deal of evidence that 
mineral- deficiency is at least a predisposing 
cause of certain sheep diseases. 

Moreover, the vast changes in methods of 
stocking grass land, e.g. the increase in the output 
of milk and of young stock and the slaughter of 
younger animals for meat, mean that a much 
bigger proportion of tho live-stock carried is 
either milk-producing or 5 '^oung growing stock 
removing relatively large amounts of minerals. 

The proportion of CaO in the dry matter ot 
reasonably good grass is usually not less than 
1% and of PjOg not less than 0-75%. These 
percentages are greatly exceeded in many in- 
stances. Whilst 0-4% PgOg is a low figure, less 
than 01% PgOg has been observed in the 
herbage of some open hiU grazings (W. L. 
Stewart and A. Phyllis Ponsford, J. C'Omp. Path, 
and Therap. 1936, 59 , Part 1, 49-62). 

Generally speaking, the grasses are not as 
mineral-rich as tho clovers or tho w'eeds, but 
properly managed grass, converted in the young 


leafy stage, has a high mineral content (T. W. 
Fagan and H. T. Watkins, Welsh J. Agrie. 
1932, 8 , 144-161). Stapledon has advocated the 
use of such plants as daisy, plantain and butter- 
cup to some extent on poor upland mineral- 
deficient grazings. 

Intensive MANinuNO and Grazing. — The 
nutritive value of pasture herbage depends very 
much on the stage of grow th at which it is 
removed. 3'he so-called “ intensive manage- 
ment” of grass land is aimed at converting it os 
nearly as possible at its most nutritious stage of 
growth, t.c. with the maximum amount of leaf 
and tho minimum of stalk. This stage is usually 
attained at 4~6 weeks grow^th from the previous 
close grazing or cutting. Tho herbage under 
normal conditions of growth is then about 6-8 in. 
high and contains about 20% crude protein in tho 
dry matter. On analysis the dry matter is 
ajiproximntely equivalent to a balanc'od ration 
lor milk production and can be ke))t at that stage 
throughout the season by regularly repeated 
grazings or cuttings. Such a method makes a 
heav^y drain on plant nutrients in tho soil and 
calls for eorn‘spondingly heavy manuring. It 
also calls for skilful management of tho grazing 
since growth is uneven from month to month 
I in all seasons. 

I The method involves ” rotational grazing ” 
over a senes of fields jirepared for grazing at 
intervals, livc-stoek being concentrated on each 
field in turn. Theoretically this method is 
sound but in practice it is interfered with by 
seasonal changes in rainfall and teTnperatiir(% so 
that modifications of the original strict rotational 
plan are the rule. 

The numerous experiments larricd out in 
connection with this method have, however, 
furnished new and valuable information on the 
poHsibilitic'S of grass, and made it clear that as a 
crop it offers food for live-stock of “ production ” 
as wtII ns “ maintenance ” quality, and further, 
if it can bo preserved at the right stage of grow'th, 
material for wnnter as well as summer “ keep.” 

Grass Ensit.acje. — Although special crops 
have been grown for ensilage in this country it 
was not, until feeding stuffs became short during 
1914-18, a popular method of preserving grass. 
If green grass is heaped in a pit or stack, fer- 
mentation processes lead to loss of dry matter 
which in some cases may result in a loss of nutri- 
tive value as high as 40%. It is estimated that 
the average loss is 25%. These processes can 
be artififially arrested and two methods for 
doing this have recently been tried : 

(1) Increasing the soluble carbohydrate con- 

tent by w atering on molasses as the heap 

is made (usually in a silo), and 

(2) Adjusting tho pjj by use of hydrochloric 

or sulphuric acid (A.I.V. process). 

The latter method gives the least loss under 
skilful control but, on the average farm, the 
method proves difficult to handle and tho use of 
molasses is probably the easier and safer plan 
(W. M. Davies, G. II. Botham and W. B. 
Thompson, J. Agnc. Sci. 1937, 27, 151). 

Grass Drying. — It is, however, possible that 
artificial dryi|^g of young grass of high quality 
will take its place with other methods of con- 
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Hervation. Drying of green fodders, especially 
lucerne, has been practiijod for many years, but 
the drying of young grass was first tried in this 
country on a really important scale in 1930 vihen 
about 10, (MK) tons of dried grass were produced. 
In 1937 the process was extenderl and several 
new type's ol drier introduced. It has been 
estabbslied that young grass can be successfully 
dried without appreciable loss of protein, 
iriinerals, carotenoids or digestibility, and the 
success of tb(' practice depends on ; 

( J } 'file ]>roduction of an economical drier ; 

(2) The regular production of grass of a 
quality suitable for dr\'iiig tbroiigbout 
the season ; and 

(3j 3’bo iritrodiietion of this new concentrated 
food into live-stock rations. 

'I’he driers now in use have a rather low oiit- 
f)ut and an iinjirovernent of 20% in eflieieney 
would do much to put the cost of dried young 
grass on a bn.sis comparable with that of other 
coneentrati'd loods like oil-eakes. Mueli re- 
seareb remains to be done on the timing of grass 
which IS as dependent on temperature and 
imuHture conditions and on strains of plants 
used as it is on fertilisers. 

Miu'li preliminary woik has been done on the 
nutritive value ol young grass (H. E. Woodman 
and 1). II. Norman, .1. Agrie. Sei. IU32, 22, 852- 
872). Willi idlieient drying young grass loses 
little ol its nutritive value in the process. High 
fem]ieratures can be used so long as the grass 
contains Huflicient moisture, but the grass is 
damaged if subji'cted to high tem])eratures after 
it is diy. l^Hiially tem|K)nitiircB of 30()-400'^C. 
are used throughout and the grass takes from 
10 to 15 miniiteH to pass through the drier. 

Although dried young grass has a high crude 
protc'in eont-ent, it can seareely be jiroduced yet 
at a price to eonniete with other higli-protein 
feeding stiilfH, and the main commercial value 
dojMmds on its carotene eontenl. ]\lost of llie 
dried grass sold in 1937 was juin’Iiased by feed- 
ing-stuffs manufacturers and mixed in the form 
of meal in poultry rations, thus replacing, to 
some extent, lucerne meal. The carotenoids in 
dried grass are effective in maintaining colour 
in the yolk of eggs and in milk during the Avintor 
period wlien green foods are not available. The 
guaranteed minimum total carotenoid content 
has, in some cases, been 250 mg. per kg. of 
dry matter, but dried grass giving nearly 5 
times this amount is not unusual. 

Young grass after drying is usually stored in 
fairly aii -tight bags as meal, or is tightly baled 
as it comes from the drier. Exposure rajiidly 
reduces its carotene content. 

For information on all aspects of grass drying, 
see E. J. Roberts, Agric. Research Council 
Report, “ Grass Drying,” 1937. 

New Strains of Herbage Plants. — Recent 
research into the nutritive value of herbage has 
given added importance to the plant brooder’s 
work. The successful attempts of R. G. Staple- 
don and his colleagues at the Welsh Plant Breed- 
ing Station, Aberystwyth, to breed grasses and 
clovers of greater persistency in tlie sward, with 
high proportion of leaf to stalk, particularly early 
or particularly late have provided a new and wide 


choice of plants for sowing land down to grass 
to suit modern needs for carefully “ timed ” 
production. 

Grasses. 

Strictly speaking, grasses are meadow and 
pasture plants belonging to the Qraminese. The 
term grass, however, is used by the agriculturist 
to denote the association of plants — grasses, 
legumes and weeds — found in cultivated swards. 
The associations vary from soil to soil according 
to soil reaction (acidity) and general fertility. 

Cultivation of grass land usually aims at a 
sward consisting of perennial ryegrass {Lolium 
perenne) and wild white cloA’^er {Trifolium repens), 
the two dominant plants in the best British 
grazings. Modern seed mixtures for sowing 
land to grass contain relatively few (4 or 6) 
species. Strains bred to persist and to produce 
a high proportion of leaf to stalk are available. 

Young leafy grass is very digestible, rich in 
protein, minerals and carotenoids, and is in 
general the most reliable and cheapest food for 
live-stock. Mature grass has a low protein 
and high fibre content. 'J’he clovers and certain 
weeds {e.g. plantain, dais}^ buttercup) are 
richer in minerals than the grasses. 

A. J. H. 

“ GRAVOCAINE ” (r. Vol. I, 369r). 

GREASES.-- The term ” grease,” originally 
applied to all kinds of fat having a sofi,, buttery 
consistency, is now restricted to low-grade in- 
c'dihle fats (mostly of animal origin) recovered 
from waste products, such as slaughterhouse and 
packing-house waste, condemned carcases, hotel, 
restaurant and ships’ food-w'astcs, bones, gar- 
bage, skins, etc. Jjiihrieating greases, which 
mostly contain mineral oil products, are not con- 
sidered in the present article. 

In the Ilnited States the term ” grease ” was 
formerly used to denote inedible hog-fats, as 
contrasted Avith “ inedible tallow ” derived from 
cattle and slieep ; but this difloreiitiation is no 
longer strictly maintained, especially outside 
the packing house, and in general American trade 
the distinction between ” grease ” and “ tallow ” 
is merely one of consistency, the titer (f.p. of 
the fatty acids : 37-39 rfC. for greases and 

40-45%J. for tallows) serving as a rough guide. 
Lard and talloAv greases, however, can be 
recovered separately in the largo packing estab- 
lishments, and a distinction is made in the trade 
between packers' grease or packing -house grease 
and other types ; the first-nainod is some- 
times accompanied by the statement that it 
consists Avholly of hog fat and is graded in three 
qualities (of which the first two are further sub- 
divided), \dz. “ white grease,” “yellow grease” 
and “ brown grease.” While grease resembles 
lard in appearance and is prepared from cleaned, 
fresh material which for some reason cannot be 
put to edible purposes : yellow grease comes from 
condemned or decomposed material, or un- 
washed carcases, viscera, etc., whilst brown 
grease represents the lowest grade and is ob- 
tained from all kinds of offal, sw^copings, catch - 
basin accumulations, etc. 

Outside the packing-house, greases are re- 
covered from hotel and restaurant wastes 
{kitchen grease or house grease or melted stuff). 
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condemned carcasoB, bones, slaughter-house and 
butcher’s wastes, etc., garbage {see Gabbaqe 
Fats), etc. ; all these greases must be looked 
upon as low-grade varieties or mixtures of lard, 
tallow, bone fat, horse fat, etc. 

They are characterised by a dark colour, a high 
percentage of free fatty acids and a high content 
of unsaponihable matter : they also have an 
objectionable odour. 

The bulk of the greases are obtained either by 
boiling out the fatty tissues with open steam 
under pressure in closed digesters (the wet- 
rendering system ; c/. Bone Fat) or by dry- 
rendering processes in which the comminuted 
raw material is heated indirectly in jacketed 
vessels, without the addition of extraneous 
water, and the liberated grease is recovered by 
straining and pressing the solid residue {crack- 
lings). Any residual grease in the cracklings 
or in the solid residue {tankage) from the wet- 
rendering process may be recovered by extrac- 
tion with solvents as extraction grease. 

The liest qualities of grease, notably the 
packing-house greases, are used as substitutes 
for lard and tallow in the soap and candle in- 
dustries. According to L. B. Zapolcon (“ In- 
edible Animal Fats in the United States,” 
Leland-Stanford Univ., Fats and Oils Studies, 
No, 3, 1929) the bulk oi the grease in the U.S.A. 
is pressed to furnish grease- {inedible lard-) 
stearin and grease-{lard-) oil. The latter is used 
as a lubricant, and in the preparation of cutting 
and cooling oils for the metal-working trades 
and soap emulsions for woollen mills, leather 
finishing, etc. The grease -stearin, like much of 
the un pressed grease, is employed for the manu- 
facture ol‘ soaps, lubricating greases (cup 
greases), and for the manufacture of red oil 
(commercial oleic acid, for the preparation of 
textile soaps, etc.), stearme (for the candle, 
cosmetic and rubber industries) and glycerin. 

A furtlior scries of greases arises as by-products 
of the leather industry : skin greases are ob- 
tained in the cleaning (scraping) of the skins 
prior to tanning, whilst various greases may be 
recovered by extraction from tanned and tawed 
skins, leather-ebppings, wash-leather trimmings, 
etc. 

Stuffing greases comprise various mixtures of 
degras (g.u.), horse fat, skin grease, tallow, fish- 
stearin, egg oil, etc., which are worked into the 
tanned leather in the stuffing or currying pro- 
cesses. The excess of unabsorbed grease which 
is scraped off the leather after this treatment 
is known as curriers' grease : if the original 
stuffing grease consisted of fairly good tallow 
and whale-stearin, the hard curriers' -grease 
derived from it may be employable in the 
manufacture of low-class soaps, but if the original 
stuffing grease contained much unsaponifiable 
matter, or considerable quantities of fish oils or 
whale oil, then the proportion of oxidised acids 
and unsaponifiable matter will be high and 
render the product useless for soap-making, and 
such grease wiU be sold as animal grease, or 
— ^if the consistency is very soft — as animal oil. 

Whale grease and fish-stearin, which represent 
low-grade stearins or solid glycerides separated 
from whale oil or fish oils, are chiefiy worked 
up into stuffing greases and d6gras substitutes. 


Fuller's grease or seek oil is the fatty matter 
recovered from the soap-suds which have served 
for scouring silk, woollen or cotton goodb by 
acidifying the waste suds with mineral acid, 
and consists of a mixture of fatty acids derived 
from the soap employed, together with any 
grease present in the goods. 

Wool grease (wool fat, recovered grease, 
Yorkshire grease, brown grease ; known in the 
United States as “degras,” “English d6gra8” or 
“German degras ”) is the crude mixture of wool 
wax and fatty acids recovered from the soapy 
liquor used for the scouring of raw wool, by 
cracking the liquors with mineral acid {cjf. 
black grease, below) ; some wool grease is now 
recovered by mechanical means, and therefore 
contains less soapy material or fatty acids. 
Since the pure wool wax is a wax and not a fat, 
wool grease differs from the other greases con- 
sidered in containing no combined glycerin. 

Crude wool grease is used as a lubricant (with 
or without the addition of mineral oils), as a 
stuffing grease and degras substitute ; some is 
refined for use as “ lanolin ” (pure wool wax) in 
the preparation of cosmetics, ointments, tem- 
porary rust preventives, etc., but the bulk of 
the crude grease is distilled and worked up in the 
manner described under black grease {below) for 
the preparation of distilled grease oleine (chiefly 
used as a w'ool oil) and distilled grease stearine 
(employed as a “ sizing tallow ” or stuffing 
grease), nnd as an inferior material in the soap 
and candle industries. These products give the 
wocholesterol reaction, and arc characterised by 
the presence of considornble quantities of un- 
saponifiable hydrocarbon material, produced by 
decomposition of the neutral wax esters during 
the distillation. 

“ Black grease " is the dark, almost black, 
fatty matter which is recovered from cotton- 
seed mucilage (soap-stock) on decomposing this 
with mineral acid {see Cottonseed Oil). This 
black grease is used in the manufacture of low- 
class candle materials after a purification by dis- 
tillation with superheated steam and further 
treatment of the distillate in a manner similar 
to that practised for the working up of fatty 
acids in the candle industry. 

E. L. 

GREENALITE. A hydrated iron silicate 
occurring in the form of green granules in sedi- 
mentary rocks, and closely resembling glauconite 
{q.v.), from which it differs in containing no 
potassium. The composition varies somewhat ; 
one analysis gives the formula 

Fe,'"(Fe",Mg)a(SI0,)3,3H20 

and another 

3FeO-4SiOa,2HaO 

It occurs abundantly on the Mesabi Range in 
the Lake Superior district of Minnesota, and 
by its alteration has given rise to ferruginous 
cherts and immense deposits of iron ore (C. K. 
Leith, Monograph U.S. Geol. Survey, 1903, 48; 
F. JoUiffe, Amer. Min. 1936, 20, 406; J. W. 
Gruner, ibid. 1936, 21, 449). A greenalite- chert 
is found at Glenluce, Wigtonshire (W. Q. 
Kennedy, Min. Mag. 1936, 24, 433). 


L. J. S. 
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GREEN-EARTH. {Of^v. GrUnerdf.) A term 
looHely applirfl to a variety of earthy minerals 
of a bluish -green, or dark olive-preen eolour 
oeeurrmp as alteration produets in basie ipneoiis 
rocks. It includes more psiticMilarly the species 
celadonite (or «flndonite), and various indetinito 
members of the chlorite group, f.fj. delessite, 
clilon)i)haule, kirwaniti', i indite, etc. Many of 
these are of indefinite < oni/iosition and probably 
mixtiin^s They are often met with as a preen 
lininp in the aniypdahjidal cavities of altered 
basaltic rocks, and form the “ skin ” of agates 
and other secondary minerals filling these 
caA'ities f'r}stnls of augite iii the same rocks 
are sonu^times ( omplefely altered to a soft 
aggregate of grraui-carth still jiresen ing the 
sliarji fuitlines of the original crystals Similar 
pseiidomorplih after hornblenclo also occur. 
Larg«*r irregular niasHes till eavities and fissures 
in tlu'se rock.s The well-known green-earth of 
Monte Baldo near Verona is referable to cela- 
donite (K. Hummel, (’himi. Erde, 1931, 6, 468). 
An analysiH of material from this locality gave : 
SiOj r,4-84, TiOj 0-10, ALOg 1-22, FegOg 
19 J(). FeO 4-30, MnO 0 2H, MgO .')-34, CaO 
ft 21, Na^O 0-H2, K^O 9-75, HgO 3-77, total 
99-91 (Gumbel, 189()). This composition is very 
Hiinil.'ir to that of glauconite, with which 
ci'ladonite is yierhaps idimticnl, diflering only in 
its state of aggregation and mode of origin and 
oeeurrenci*. This celadon ite green-earth is 
worked eommercially as a pigment in the 
Italian Tyrol; and similar material could be 
obtained from nuinv other localities. 

L. J. S. 

GREEN EBONY. This yellow' dyewood, a 
native of .Taniuiea (jr West Indies, is obtained 
from the Kxcaciaria (jhindvJosn Siv or Jacaravda 
nralifoha It. Hi. The trunk ot the tree is about 
6 in. in diameter ; the wood is very hard and of 
an orange-brown colour when freshly cut, and 
stains the liands yellow'. Bancroft, “ Philosophy 
of l^crnianent C’olours,” 1813, ii, lOfi, and 
O’Neill, “ Dictionary of Oalieo Punting and 
Dyeing,” 1862, mention the use of this dyewood 
in dyeing greens and other compound shades, 
sometimes in place of old fustic, but it, does not 
appear at any time to have been largely em- 
ployed. It w'as also used to some extent as a dye 
for leather and for greening blacks in silk dyeing. 

Perkin and Briggs (J.C.S. 1902, 81 , 210) 
examined green ebony and isolated two crystal- 
line colouring matters, excoecariv and jarffraiidiTi ; 
these were distinguished by the fact that only 
the latter is precipitated by lead acetate. 
About 17 g. exeoecarin and 3 g. jaenrandin were 
obtjuned from 8 kg. of the wood. 

Exeoecarin, CjgHjgOg, lemon-yellow needles, 
melts with effervesceiiee at 219-221°, and is 
soluble in aqueous and alcoholic alkaline solu- 
tions, forming violet-red liquids which are rapidly 
oxidised on exposure to air and assume a brown 
tint. 

The tribenzoyl derivative forms colourless 
needles, m.p. 168-171°, and the dimethyl ether 
yellow needles, m.p. 117-119°. On fusion wdth 
alkali, exeoecarin gives hydroquinone carboxylic 
acid (2: 6-dihydroxy benzoic acid) and a sub- 
stance melting at 124° which is probably hydro- 
toluqiiinone (2:6-(iihydroxytolueim). 


By the action of bromine, exeoecarin is 
oxidised to excoecarone, CigHj^Og, flat copper- 
coloured needles or leaflets, m.p. about 260°, and 
this is reconverted into exeoecarin by the action 
of sulphurous acid. With an alcoholic solution 
of quinoiie, exeoecarin gives the compound 
CgH^Og-CjgHijOg, minute green leaflets, m.p. 
190° (decomp.), from which sulphurous acid 
also regenerates excoceann. Since the latter 
contains a quinol or toluquinol niidcus, ex- 
coecarone is thus probably a p-quinone (Perkin, 
ilnd. 1913, 103 , 6.57). 

Excoceann does not dye mordanted fabrics, 
but is a substantive dyestuff in that it has a 
w'eak but decided affinity for the animal fibres 
with which it gives, preferably in the presence 
of tartaric or oxalic acid, yellow' shades. 

Jararandin, yellow plates nr 

leaflets, m.p. 243-24.5°, dissolves sparingly in 
.leohol and the usual solvents to form pale 
yellow' liquids having a green fluoreseenee. 
With alkali hydroxides it gives orange-red 
solutions, w'lth aleoholie lead aeetati^ a bright 
orange precipitate, and with alcoholic ferric 
chloride a dark greenish -black solution. It dyes 
mordanted woollen fabrics the following shades : 

(’lirf)inlnin Aluiiiimuni Tin. Iron. 

Dull yellow- Orange- Bright golden Deep 
brown. brown. yellow. olive. 

JJiarefyljocarandi)} , ])ale yellow' needles, m ]). 
192-194'^, when digested with boiling alcoholic 
potasHiiini acetate, yields the salt 

(C,4H„OsC„H„0„)K. 

yellow' needles. Dibenzoyljacarandin, yellow 
prismatic needles, melts at 1 07-1 69°. 

As indicated by Bancroft {op. of.), the colours 
given by green ebony are similar in character 
to ihos(‘ yielded by old fustic. Employing 
mordanted woollen cloth, the following shades 
are produced ■ 

('luonuiiiu Ahiiinniuiii 'I'lii, (’oppor lion 

Dull Dull Golden Palo Olivc- 

yellow'- blown- yellow, brown, green, 

brown. yellow. 

A. G. P. and E. J. C. 
GREENOCK ITE. Cadmium sulphide, 
CdS, erystallised in tlie liexagonal system with 
hemimorphie development and isomorphoiis 
with v'liitzifc (ZnS). This and the still rarer 
cadmium oxide, and otarite (basic carbonate), 
are the only minerals that contain cadmium 
as an essential constituent. Distinct, though 
small, crj^stals have heen found in Scotland, in 
the neighbourhood of Glasgow'. They occur 
very sparingly with piehnite in amygdaloidal 
basalt in the Bishopton railway-tunnel, in the 
Boyleston quarry at Barrhead in Renfrew’shire, 
and in the Bowling quarry in Dumbartonsliire. 
They are honey- to orange-yellow, transparent 
to translucent, and have a resinous to adaman- 
tine lustre ; the streak is orange- to reddish - 
yellowr’. Sp.gr. 4 8-4-9 ; hardness 3-3^. Minute 
(0*06 mm.) red crystals have been found at 
Llallagna, Bolivia (S. G. Gordon, Not. Nat. 
Acad. Nat. Sci. Philadelphia, 1939, No. 1). Traces 
of cadmium arc often present in zinc- blende (up 
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to 1-5%, and in the ores of the Joplin district 
in Missouri averaging 0-368%), and with the 
weathering of this mineral cadmium sulphide 
remains as a thin, powdery, canary-yellow 
coating (“ cadmium-ochre ”), or it may impart a 
tinge of colour to the secondary zinc mmerals 
hemimorphite and smithsonite (“ turkey -fat 
ore ”). In this form the mineral is known from 
many localities, though never in large amount. 
Being colloidal, it does not agree with the defini- 
tion of greenockite as given above ; and, again, 
the possible existence of a cubic form of cad- 
mium sulphide is suggested by the isomorphous 
presence of this constituent in zinc-blende, 
although this modification has not been ])repared 
artificially. The name xanthochroife. (A. E. 
Rogers, 1917) has therefore been suggested for 
this colloidal form of cadmium sulphide. Hcmi- 
morphic hexagonal crystals of cadmium sulphide 
have been prepared artificially, and they are 
not uncommon as furnace products. The 
artificial crystals have sp.gr. 4-820 and the high 
refractive indices 2-629, 2-606, 

L. J. S. 

GREEN STONE (?;. Vol. IV, 8a, 536). 

GR^GE(»). Vol. V. 94a). 

GRIESHEIM CELL (v. Vol. Ill, r,0d). 

GRIGNARD REAGENTS. Uusynmictri- 
cal magnesium compounds of type RMgX where 
R^an organic residue and X-- halogen. The 
use of Gngnard reagents in organic chemistry 
may be traced to the use by Barbier (Compt. 
rend. 1898, 128 , 110) of magnesium in place of 
zinc when condensing methyl iodide with 
inethylheptcnonc. After unsucoessfiil attemjits 
to exploit this innovation Grignard (Aim. Chirn. 
Phys. 1901, fvii), 24 , 437), believing that the 
more electropositive magiicsium should ho more 
reactive than zinc, showed that alkyl iodides 
react at room temperature with magnesium, 
and since then such reagents have been widely 
used for synthetic purposes. They do not 
normally exist in the free form RMgX hut are 
combined with onij (Blaise, (.\unpt. rend. 1901, 
182 , 839 ; Grignard, ibid. 1901, 132 , 568) or two 
(Tschelinzeff, Ber. 1904, 37 , 2084, 4534 ; 1905, 
38 , 3664 ; 1906, 39 , 773) molecules of ether ; the 
latter may he replaced by tertiary amines, 
Hulphoiies or organic compounds of selemum, 
tellurium or phosphorus. These secondary 
reactants are only catalysts and, using minor 
quantities of these, Grignard reagents may be 
obtained in the sohd state from benzene solution. 
When isolated they are inflammable in air but 
fortunately may, wdth few exceptions, bo used 
in ether or other solution without isolation. 

For synthetic purposes the reactions of Grig- 
nard reagents may be summarised as follows : 

(o) Reaction with active hydrogen atoms 

RH+R'MgX -vRMgX+R'H 

When R' is a lower aliphatic group 1 mol. of 
gaseous paraffin is liberated for each carboxyl, 
hydroxyl or NH -group present; this reaction 
provides the basis of the Tschugaeff-Zerewitinoff 
determination of such groups (Pregl-Roth, “ Die 
quantitative organische Mikroanalyse,” 1935) 
and further reactions of the N -magnesium com- 
pounds afford valuable routes to C-homologues 
in the pyrrole, indole and other series. 


(6) Reaction with reactive halogen atoms 

R COCI+R'MgX -> MgXCI f-R CO R' 

When excess of the reagent is used the resulting 
ketone may react further to give a tertiary 
alcohol. 

(c) Most of the synthetic applications depend 
on the addition of Grignard reagents to un- 
saturated groupings .- 

RR 'CO f R'MgX RR^'CR' OMgX 

HjO 

> RR 'CR' OH 

RC;N | R'MgX- RCR':NMgX 

HoO 

R COR' 

Clearly when two such groups are present in the 
same molecule reaction becomes more complex 
although the entering Grignard reagent usually 
shows a preference fur one of the centres of 
possible reaction. 

Rerie.wfi. — Schmidt, Alirens Sammlung, 1906, 
10 , 67. 146; 1908, 13 , 357, 446; Hopworth, 
J.S.C.l. 1922, 41 , 7 ; Courtot, “ Traitd do Chim. 
Org.”, 1937, V, 80; the last is unusually com- 
plete and contains an exhaustive bibliog^aph 3 ^ 

GRISEOFULVIN {v. Vol. V, 58r). 

GRI-SHI-BU-ICHI. .lapanese name for 
an alloy of copper and silver of a rich grey colour. 

GRISON TETRYLITE COUCHE {v. 
Vol. IV, 4876). 

GRISOU NAPHTHALITE-ROCHE (y. 

Vol. IV, 474d). 

GRISOUTINE COUCHE (c. Vol. IV, 
5536). 

GRISOUTINEROCHE(r. Vol. IV, 5536). 

GROG {v. Vol. V, 566«). 

GROTTHUS-DRAPER LAW. Thoto- 
choniical reaction can only be, brought about by 
radiation whu-h is absorbed by some conipom-nt 
or components of the system in which the re- 
action occurs. Stated in these broad terms this 
may be taken as the fundamental postulate of 
photochemistry. Its first expression wo owe to 
Grotthus (Ostwald’s Klassikcr, 1817, l^o. 162, 
p. 101) who dedueod that only light which is 
absorbed by a substance can cause it to become 
chemically active. Grotthus’ paper was, how'- 
ever, rather rapidly forgotten and his proposition 
was independently restated by Draper (Phil. 
Mag. 1841, [hi], 19 , 195), who was also able to 
provide, in a series of later papers, an experi- 
mental verification of the law^ as a result of his 
studios of the photochemical union of hydrogen 
and chlorine. The law is accordingly assoeiated 
with the names of both workers. 

While the law is without exception, it is entirely 
qualitative, the nature of the reactivity, the 
spectral region which is effective (for the law’s 
converse that all light which is absorbed pro- 
duces chemical change is far from true), and the 
relation between the amount of chemical re- 
action and the energy absorbed, are all undefined 
and must be determined by experiment. Neither 
is it necessary that the absorbing substance be a 
reactant, as exemphfiod by the important 
phenomenon of photo-sensitisation, in which the 
light is absorbed by a molecule {e,g. mercury) 
which, after transferring the energy it has 
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abHorbed to a reactant molecule, takes no part 
in the Bubsequent chemical change. 

Quantitative expression of the relation bc- 
twwm the energy absorbed and the amount of 
chemical reaction, and, indeed, any coherent 
study of photochemistry, had to await the 
development of the quantum theory and of the 
theory of chain reactions. 

I). W. G. S. 

GROUND NUT, A term often used to 
describe the tuberous roots of the earth mit 
{Duninvi spi).) or tJie peanut {Arachis hypogwa). 
According to Wynton the terra is more properly 
restricted to the dark brown root swellings of 
Apion luhf rom. TJicse “ tubers,” which arc of 
similar si/j* and shajic to a lien’s egg, grow wild 
in many jiarts of America anti are cultivated in 
icntial Kiiropean countries as a substitute for 
jioiatocH. 

Typical imalyses of the Ameiican ground nut 
and of a Japanese variety {A. fnriuiif i) arc : 


1 II. 


Water . 

70-7 

68-6 

(^rude (iroltnii 

i-OO 

4 19 

True pn)tem . 

T8H 

1 56 

Eat. . . . 

TOO 

0-19 

N-free ( xl ract 

18-65 

24-54 

Starch . 

702 

18 30 

Pentosans . 

2-60 

T46 

Fibre . 

3-55 

T20 

Ash . . . 

205 

T30 


I A tuberum (firlulictll, Stnz. agi. Ital. 1000, 
33, i —) 

IT. A. fortuHCi (Hoimiil, J (kill Agrlc. Hokkaido, 
HH8, 8. Mk) 


According to Hem mi the carbohydrates of A. 
forlutiet include reducing sugars 115, non- 
reducing sugars 2-85, dextrin TO and gnlaetan 
]02%. The hcmi-celluloao of A. iuberosa 
yields Tarabinoso and d-galactose on hydrolysis. 

A. G. Po. 

GROWAN (v. Vol. Ill, :i2c). 

GROWTH - PROMOTING SUB - 
STANCES arc substances which have the 
power of regulating the form and rate of growth 
in the plant world (ftee Auxin). They arc some- 
times referred to as “ plant hormones,” but the 
term IS in many respects inappropriate. There 
is no evidence that growth -promoting substances 
are secretions of special organs as is the case 
with animal hormones. 'J'he association of high 
ronceiitrations of auxin with rapid vegetative 
growth ill the aerial parts of plants has already 
lieen referred to (Auxin). The opposite direc- 
tion of growth with lieteroauxin (indole-3-acetic 
acid) in stimulating root iormatJoii has now' 
found its obvious horticultural application and 
commercial preparations of this and related 
substances are now marketed for inducing the 
rapid rooting of plant cuttings. Tinckor ( J. R05". 
Hort. Soc. 1936, 61, 610; 1938, 63, 210; 1939, 
64, 554) records the results of rooting trials with 
a large numbtT of plant species, using a variety 
of pure and commercial samples of growth- 
promoting substances. 

From time to time additions are made to the 
number of substances exhibiting growth- 
regulating ability and in some ca^s, e.y. that 


of naphthylacetic acid, activity exceeding that 
of the naturally-occurring heteroauxin is 
recorded (Pfahler, Jahrb. wdss. Bot. 1938, 86 , 
67.5). According to Koepfli, Thimann and 
Went (J. Biol. Cliem. 1938, 122, 763), growth- 
promoting activity is dependent on a particular 
molecular structure which includes the following 
characteristics : (i) a nuclear ring system con- 
taining a double bond ; (ii) a side -chain con- 
taining a carboxyl group (or a group from which 
this is ea.'^ily derived) separated from the nucleus 
by at least one C atom ; (iii) a particular space 
relationship between the side -chain and the 
nucleus. Other investigations by Thimann 
e/ al. suggest that the effect of growth -promoting 
substances within the plant is initiated by its 
action in increasing protoplasmic streaming, 
this being inllueiiccd by respiratory activity 
(oxygen supply) and by the eonceiitration of 
growTh-promoting substance present. It w'ould 
appear that lieteroauxin acts upon the coll sub- 
stance rather than on the cell wall. Went 
(Plant Physiol. 1938, 13, 55) advances the 
theory that iii the higher plants growth-sub- 
stances do not alone produce their characteristic 
effeet.H on growTh, but operate by controlling the 
distribution within the plant of other substanoes, 
described as ” caliiics.” Caulocaline, rhizo- 
calinc and phyllocaline are natural plant eon- 
stitiients essential for the elongation of stems 
and lateral buds, for root formation and for 
leaf grow th resjiectively. 

The action of beteroauxiii on plant growth 
is enhanced by the presence of aceessory sub- 
sfanees, r y. certain amino-acids, notably pro- 
line, and by vitamin Bj (ancurin), a minimal 
amount of which is jirobably essential for the 
action of the growTh -promoting snbstane(‘s. 

The sealing of plant wounds is brought about 
by the rapid production of new' tissue by division 
of adjacent cells. English and Bonner (J. Biol, 
(’hem. 1937, 121, 791) ascribe this sudden stimu- 
lation of cell activity to the action of a growth- 
promoting substance (w'ound “ hormone ”) 
which they name traumnhn, the isolated methyl 
ester of which has the formula C^jH^^O^N. 
A later payier by English, Bonner and Haagen- 
ISmit (Proc. Nat. Acad. Sci. 1939, 25, 323) 
reports the isolation of a second wound ” hor- 
mone,” a dibasic acid of formula 

B 10 .S, the growth -promoting substance as- 
sociated with yeast growth for a number of 
years, is now regarded as containing at least five 
constituent factors : 

(а) rac 50 -InoBitol, a necessary growth factor 
for nearly all types of yeasts. 

(б) Pantothenic acid, a complex of j9-alaninc 
with an unidentified hydroxy-acid, to the cal- 
cium salt of which Williams et al. (J. Amer. 
Chem, Soc. 1939, 61, 464) assign the formula 
(C,H„0,N),Ca. Pantothenic acid is also of 
considerable importance in the animal world, in 
which it is actively concerned in carbohydrate 
metabolism, and occurs in considerable amounts 
in the liver and muscles. Jukes {ibid. 1939, 61, 
976) records the close similarity between panto- 
thenic acid and the chick anti-dermatitis factor. 

(c) Aneurin [v. Vitamin accelerates the 
fermentation activity of a number of 3’^eaBts, 
the pyrimidine rather than the thiazole com- 
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ponent of the vitamin being associated with its 
activity. 

{d) Vitamin has also been shown (Schulz 
ei al., ibid. 1939, 61, 1931) to stimulate fermenta- 
tion activity and the reproduction in yeast. 

(c) Biotin, isolated by Kogl, is a widely distri- 
buted and essential growth factor for yeasts 
(Chera. and Ind. 1938, 57, 49). 

Aneurin is also of importance in the growth 
of a number of moulds. In this case also the 
physiological activity appears to be associated 
with the jiyriniidine constituent, although the 
thiazolo component must also be present. In 
some cases organisms grow satisfactorily if 
either the vitamin or the thiazole component 
is added to the nutrient medium but not if the 
pyrimidine constituent alone is given. In such 
cases it is presumed that the organism can syn- 
thesise the pyrimidine but not the thiazolo 
portion of the vitamin molecule. Other organ- 
isms apjiear to bo able to synthesise the whole 
vitamin and others must bci supplied externally 
with the vitamin or its constituent pyrimidine 
and thiazole derivatives. A possible scheme of 
elassiheation of the low er organisms on the basis 
of their reipiirements in respect of aneurin, or 
its pyrimidine or thiazole components, or of a 
mixture of these is indn'ated by Robbins (Proc. 
hlat. Acad. »Sci 1938, 24, 53). 

Nicotinic acid and nicotinamide may also serve 
as growth factors for certain bacteria (Knight 
and Mcllwain, Biochem. J. 1938, 32, 1241) and 
arc possible constituents of the bios complex. 

A. (J. Po. 

GUAIACETIN. Sodium salt of the o-hy- 
droxphenyl ether of glycollic acid. 

GUAIACOL (Monomethorycatechol), 

OHCflH^OMe, 

IS a distillation product of guaiacum resin (Herzig 
and Sehiff, Monatsh. 1898, 19, 95), and occurs in 
beech wood tar, from w hich it can be separated 
by treating the fraction of the tar that comes 
over at 200-205" with ammonia to remove 
acids ; it is then again fractionated, and the 
lower boiling fraction is dissolved in ether and 
treated wdth potassium hydroxide. The potas- 
sium salt of giiaiacol is filtered, w^ashed with 
ether and recrysiallised from alcohol, after 
which it is decomposed with sulphuric acid, and 
the giiaiacol rctii.stilled. (For other methods of 
separation, cf. G.P. 87971, 56003, 100418 ; Chem. 
Zentr. 1899, I, 764.) Guaiacol is prepared from 
o-anisidine. 600 g. o-anisidino are diazotised, 
and the solution of the diazo salt is then poured 
into a boiling solution of 600 g. of copper sul- 
phate in 600 c.c. of water. The guaiacol is then 
separated by distillation in steam (G.P. 167211 ; 
Frdl. 1906-7, 128; cf. also G.P. 95339; J.S.C.I. 
1898,17,269,314). 

Pure guaiacol can be obtained by dissolving 
catechol (65 parts) m ethyl alcohol (2,000 parts) 
and adding nitrosoraonomethyl urea. The mix- 
ture is cooled to 0° and 20 parts of sodium 
hydroxide dissolved in a small quantity of 
water are added, drop by drop, with constant 
stirring. The solution is filtered, the alcohol 
distilled off, and the residue is fractionated in 
vacuo (G.P. 189843; Frdl. 1906-7, 1161). 


Guaiacol is also prepared by heating an equi- 
molpcular mixture of catechol, potash and 
potassium methylsulphate under pressuto at 
170-180°, or by heating catechol and methyl 
iodide in methyl alcohol. In another method 
a w*eak base, such as sodium hydrogen car- 
bonate, is gradually added to a mixture of 
catechol with the alkali or alkaline earth salts of 
moth^dsiilphuric acid, in the presence of veratrole 
as diluent at 160-180° (Zollinger and Holding, 
G.P. 305281; J.C.S. 1918, 114, i, 497). Thomp- 
son (B.P. 5284, 1893) suggests the purification 
of guaiacol by treatment wnth a freezing mixture. 

Guaiaiol made by the ordinary commercial 
methods is impure ; it is hygroscopic and lias a 
low m.p. Moser and Ver. f. Chem. Ind. A.-G. 
(C.S.P, 1651617 (1927); G.P. 484639 (1925)) 
have dcflcnlu'd an improved process. If an 
insufficient amount of nlkali is added to the tar 
nils the monomcihyl ethers of dihydric j^hcnols 
are first dissolved, and this selective action 
enables them to bo separated from the iion- 
metliylated phenols. (For synthetic methods, 
see Bergstrom and Cederquist, Iva, 1931, 1, 14; 
Jaknbowski, Hoczniki Farm. 1933, 11, 1 ; 
Sumaroliov, Lesokhimiclieskaya Prom. 1933, 
No. 3, 2, 34 ; Bc'ntley and (’atlow, U.S.P. 
1980901 ; Dorninikiewicz, Arch. Chem. Pharni. 
1934, 1, 1 ; Giibclmann, Welland and Stall - 
mann, U.S.P. 1623949 (1927); Titherley and 
Hudson, U.S.P. 1878061 (1932) ; l.G. Karix'nind, 
A.-G., Marx and liObmann, G.P. 591531). 

Guaiacol has a ebaraeteristie odour and 
crystallises in long vitreous transparcjut prisms, 
whieb appear rose-red in sunlight ; m.p. 28*5°, 
b.p. 202-4‘7738 mm. (Freyss, (Uiem.-Ztg. 1894, 
18, 565); sp. gr. 1-140 at 25°. When quite 
pure it is non-eaustic and non-poisonous (B6hal 
and Choay, Compt. rend. 1893, IIB, 197; 
Kuprianow, J,S.(/.l. 1895, 14, 57). Hilling, 
“ Materia Mediea,” 1939, 394, states that it is less 
toxic than phenol. 

It is soluble in most organic solvents, and 
to a less extent in water. solubility of 

guaiacol in glycerol is given by J. A. Roborgh, 
Dissertation, Amsterdam (1927) : 9-05 g. of 
guaiacol is dissolved by 100 g. glycerol (98-2%, 
Dutch and German Pharmacopoiias) at 20° ; 
the figure in French and British Iffiarmacopceias 
(sp.gr. 1-2612, 86-5%) is 13-1 at 20°. With a 
trace of ferric chloride its alcoholic solution gives 
a blue colour, which becomes emerald -green on 
the addition of more ferric chloride. 

Guaiacol is employed in pharmacy as an 
expectorant and intestinal antiseptic ; also in 
pulmonary tuberculosis, in cases of typhoid and 
other fevers, and for the relief of superficial 
iioiiralgia. For esters of guaiacol possessing 
therapeutic projiertics, see B.P. 316750 (1928); 
317194 (1928). 

Teats. — (1) 2 c.c. of guaiacol mixed with 
4 c.c. of light petroleum should separate at 
once into 2 layers. (2) 1 c.c. of guaiacol should 
dissolve in 2 c.c. of A^-sodium hydroxide when 
heated ; on cooling the mixture should congeal 
to a white saline mass, which gives a clear 
solution with 20 c.c. of water. (3) 1 c.c. of 
guaiacol shaken with 10 c.c. of sulphuric acid 
should give a pure yellow colour (British 
Pharmacopeia, 1932). For other tests, see 
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Marfori, J.S.C.l. 1891, 10, 487 ; FonzcH Diacon, 
Bull. So<;. cbim, 1898, (iiij, 19, 191 ; Gumn, 
.1. Pharra. Chim. 1903, [vi], 17, 173. 

A solution of SbCI^ in flilDioforin gives a 
light brown coloration (or olive- bniun), changing 
to d(M'j) green, blue-green and finnlly deep blue. 
Guaiaeol earbonale givc'^ a lemon or sidpliur 
yellow (Kkkert, Pharm. Zcntrallialle, 1934, 75, 
49). 

Gnanwol (0 O.j g.) ih dissolved in 5-10 c.c. 
cone. HCI. a minute (Tvstal of sodium nitrite 
added and tb(‘ mixtiin* \ery gradually heated 
nearly lo bfuling, then eoolerl or diluted 
and pounsl inlo excess 10% ammonia. 
Guaiaeol gjM's a gicen cfilour. (In the acid 
stage guaiaeol aiul (dher jihenols often give a 
n‘(l colour.) (\Van‘, Analyst, 1927, 52, 1927.) 

A mieio tf st fdi' guaiaeol is the eharaeiiTistie 
piceipitate gi\(‘n 1 ) 3 '^ diazo-p-nitraniline (Bosen- 
thaler, AliKna heniie, 19.35, 19, 17). 

Wiselio describes eolour tests for guaiaeol 
with FeCI-j, .lornson’s reagent, a(|ueous am- 
moinuni vanadate, and V.^O^ in dilnto HCI, 
H:,P 04 , and oxalie acid, respectively (Pharm. 
M(jnntsh(‘fte, 192K, 9, 109). 

For llu^ eslirnatioii of guaiaeol bv a eolori- 
metne method, 0 5 g of tin* samjde is dis- 
solved in a little wutei, 10 e.e. of alcohol 
added, and the solution made nji lo 1,000 e e. ; 
20 e.e. of this solution are mixed in a test-tube 
with 1 e.e. of sodium nitrite solution (1:100) and 
1 e.e. ililute nitric acid (1:200). A eliaraetenstie 
ri‘d ‘brown colour is produced, which is compared 
within about 10 ininutes with the colorations 
gixen by suitable standard soliiiions (Adiian, Z. 
anal. ('hem. 1901, 4-0, 024). For the (‘stiiiiation 
of guaiaeol in pliarniiK eiitienl jireparations, .9ce 
Dominikiewiez, ('luun. Zentr. 19.31, 11, 284 ; 
(.’hernon’, .1. Ainer. Gheiii. Sue. 1929, 51, .3072; 
Christie and Menzies, ,I C.S. 1925, 127, 2.309 

Guaiaeol (or its enrhonale) may be estimated 
grnviinelrieall 3 ^ as the derivative precipitated 
by' the action o( iodine in Kl (r/. aristol from 
thymol ; I'Yanvoia and Seguin, Bull. tSoe. eliini. 
1933, [iv], 63, 711). Sec a/.vo knight, J. Assoc 
Off. Agne. Chcin. 1931, 14, 307, and Meldniin 
and Patel, J. Tndian Cheni. Sue. 1925, 5, 91. 

For estimation of guaiaeol in urine, see 
Schmid, Z. physiol. Cheni. 1932, 205, 213. 

Guaiaeol, when treated with hydrogen cyanide, 
in the preaenee of sodium or zinc chloride, viehla 
vanillin (Boesler, (PI*. 189037; Frdl. 1905-7, 
1280; Giiyot and Gry', Compt. rend. 1909, 
149, 928; Bull. Soe. ehira. 1910, [iv], 7, 902) 
Barium giiiiiacoliite is insoluble in neutral sol- 
vents, 100 parts of water dissolve 4 4 jiarts at 
20*^ ; it is partly hydrolysed by' hot water. The 
calcium salt has similar properties (Hiimarokov, 
Lesokhimieheskaya Prom. 1933, >Jo. 3, 2, 34). 
Copper salt, see Nakatsuka and liniima, Bull. 
Chem. Soe. Japan, 1930, 11, 358. 

Ouaiacolrnonosulphonic acids can be obtained 
by treating guaiaeol with sulphuric arid betw'cen 
0® and 140‘^. The mixture of 2 -met hoxy phenol - 
5‘Sulphonate (m.p. 100-108^^), and 2-methoxy- 
phenol-4-Bulphonate (m.p. 97-98°) is separated 
by converting them into the basic salts of the 
alkaline earths, or of the heavy metals, the salts ^ 
of the former acid being readily soluble in water, 
w'horeas those of the latter arc insoluble or | 


sparingly' soluble. By the action of hydrogen 
sulphide, or some suitable acid, the salts are 
then convertc^id into their respective acids (G.P. 
188.506; Frdl. 1905-7, 936; G.P. 132607; 
Frdl. 10(XM)2, 113 ; G.P. 212389; Htihle, J. pr. 
Chem. 1902, [lij, 55, 95 ; hamidre and Perrin, 
Bull. Soe. chim. 1903, (iii], 29, 1228; Rising, 
Bcr. 1906, 39, 3685; Paul, ibid. 2773, 4093; 
Andre, J. Pliarni. Chim. 1898, fvi], 7, 324). 
With nitric acid the latter acid forms yellow' 
dinitroguaiacol (m.p. 122°), whilst the former 
acid merely gives a dark red coloration. It is 
important that when the former acid is used 
thera])eutirnlly', it should be free from the latter 
eninpound w'hich gives rise to secondary re- 
actions (Kllis, .I.S.C.l. 1906, 25, 335). 

The alkali guaiaeolsulphonates are employ'cd 
as drugs (Alpers, IT.S.P. 692588; , I.S.C.l. 1902, 
21, 364). Tagliavini has prepared salts of the 
Bulphonates w'ith antipyretic and analgesic 
bases (Boll. Chim. farm. 1909, 48, 6). 

Carbonyl chloride condenses with the alkali 
guaiaeolsulphonates in alkaline solutions, giving 
derivatives such as potassium carhonatodujuaiacol- 
disulphonate C 0 [ 0 CflH 3 ( 0 Me)S 03 K]«, and 
potassi urn ca rbvn atod i fjiiai acol sulphonate, 

CBH4(OMe)0 C 02 C 6 H 3 ( 0 Me)S 03 K 

(Eiiihorn, G.P. 203754, 1909). 

A number of eompoundH of o-guaiacolsiil- 
plionie acid with alkaloids are described by 
Schaefer (.I.S.C.l. 1910, 29, 928). 

(Juaiaci/J benzoate (‘‘ Benzosol,'" benzoyl guaia- 
eol), CgHf^ CO OCflH^ OMe, is a colourless, 
odourless, tasteless powder, almost insoluble in 
watei, leadily Holuble in orgunii* solvents. It has 
m.ji. 56' , ami is used in the treatment of piil- 
monary tuberculosis (B.l*. 5366, 1890; J.S.Cll. 
18t)l, 10, 383; Walzcr, (^hcin.-Ztg, Kcp. 1891, 
15. 165). 

(iuaiacyt cinnamate (" Sljfrarol/' cinnamyl 
guaiaeol), Cj^H^ CO OCgH^ OMe, from guaia- 
eol and einnnmoy l chloride. It forms colourless 
needle-shaped crystals, m.p. 130°, w'hich are 
employed in eatarrlial nffecUons of the digestive 
tracts, and in the treatment of phthisis. 

(Juaiacyl vaUrate, C^Hg CO-OCflH^ OMe, a 
yellow ish oily liquid, b.p. 24.5- 265°, is used in 
medicine under the name of Geosot (Rieck, 
J.S.(M. 1897, 16, 632). 

Guaiaryl salicylate (f/wamco^-aaio/), 

CflH4(OH)CO OCflH^ OMe, 

IS a white ciy'stalline, odourle.ss, tasteless 
jiowder; m.p. 65". 

(Guaiaryl succinate, C2H4(CO OCgH4 OMe)2, 
fine silky needles ; m.p. 136*^. 

“ Guaiamar,'* the glyceryl ether of guaiaeol, 
CBH4(0Me)0C3H,02, is formed by the action 
of anhydrous glycerol on guaiaeol. It is a white 
cry'stalline body, m.p. 75°, soluble in water and 
in most organic solvents. It was suggested as 
an antiseptic for internal and external applica- 
tion (J.S.C.l. 1900, 19, 371 ; 1902, 21, 1346). 

Guaiasanol {guaiacyl diethylaminoacetate hydro- 
chloride), MeO C3H40 C 0 CHaNEta,HCI, 
m.p. 184° (Einhoni, Chem.-Ztg. Rep. 1900, 24, 
33; J.S.C.l. 1900, 464). By the action of the 
monochloracetic esters of phenols with secondary 
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amines of the fatty series, many cornpounds, 
similar to the above, have been prepared (Ein- 
hom and Hiitz, Arch. Pharm. 1902, 240, (531 ; 
GP. 105346), They are non-poiaonoiia, odour- 
less and strongly antiseptic substances. 

Ouaiacyl ethoxyacetate, 

MeO CeH 4 0 C0 CHjj OEt 

is a colourless, odourless oil, b.p. 150°/ 10 mm. 
The corresponding methoxy derivative boils at 
170-171°/10 mm., and has very similar proper- 
ties to the ethoxy derivati\c. Both substances 
are non-poisonous, and can be used thera- 
peutically as external remedies (G.P. 171790; 
Frdl. 1905-07, 933). 

Ouaiaform {(hofonn) is produced by the con- 
densation of guaiacol (2 mol.) with formalde- 
hyde (1 mol.). It is a tasteless, yellow, non- 
irritant and non-toxic powder (Ehlert, Pharm. J. 
1902, 68, 61). Guaiacol condenses with form- 
aldehyde and (CHj,) 2NH to form 2-hydroxy-3- 
methoxy benzyl dimethylaminc, m.p. 46-47°, 
b.p. 127-129°, Soluble in alkali (IVcombe, 
Compt. rend. 1933, 197, 258). 

(iuaiacyl carbonatr. (“ lJuotal "), 

C0(0C4H4 0Me).,, 

is prepared by passing phosgene into a solution 
of guaiacol in sodium hydroxide. It is a white 
crystalline powder, m.p. 85-88°, soluble in moat 
organic solvents, but insoluble in water. Its 
alcoholic solution yields no characteristic colour 
with ferric chloride. Therapeutically it is very 
similar to guaiacol (G.P. 99057, 58129, 11734(5, 
of 1898; G.P. 224160; Einhorn, (Ihem. Zentr. 
1910, IT, 518; lScc aluo Mazover, Kuss.P. 35192 
(1934) ; Ekkcrt, Pharm. Zentralh. 1932, 73, 504). 

Gumacyl thyrnyl carbonate, b.p. 222-225°/ 1 5 
mm. is an emulsifying agent, also a solvent for 
dyes and laecpiers (Hurwitz, Swiss P. 180056 
1930). 

Guaiacyl chlororarbonatc is a colourless oil 
b.p. l]2°/25 mm. It is prepared by the inter- 
action of antipyrine, carbonyl chloride and 
guaiacol (G.P. 117624 of 1899; Einhorn, G.P. 
224108, 1908; Chem. Zentr. 1910, 11, 517). 

Guaiacol carboxylic acid, 

C4H3(OH){OMe)CO,H, 

is formed by the action of carbon dioxide on 
tlu5 previously heated sodium dcrivativ^o of 
guaiacol ; the free acid crystallises from water Oj 
dilute alcohol as a white, odourless crystallim 
powder, m.p. 148-150°. Its a(jueous soliitior 
is coloured blue by ferric chloride. The acid 
and its salts have been recommended as anti 
septicB and anti-rheumatics (Pharm. •) . 1 890, 977) 

Tetragimiacoquinone, formed when guaiacol 
is oxidised with laccase, 

0 (CeH 30 Me )20 

0 (CeH 30 Me )30 

is a fine crystalline powder, m.p. 135-140°, having 
a purplish-red colour with a faint green metalli< 
lustre. It is insoluble in water, but gives 
mahogany-red solutions with chloroform anc 
with acetic acid. It also forms coloured solu 


ions in alkalis (Bertrand, Compt. rend. 1903. 
87, 1269). 

IJexamethylemtetraminetriguaiacol crystallises 
11 brilliant needles, which become soft at 80° 
.nd melt to a turbid liquid at about 95°. When 
distilled in steam it yields guaiacol (B.P. 24072, 
908; J.S.C.I. 1909, 28, 490). 

Oaaiaxyl axetate, b.p. 123-124°/! 3 mm., readily 
undergoes intramolecular rearrangement, on 
vhich a new synthesis of vanillin has been based 
Mottern, J. Ainer. Chem. Soe. 1934, 56, 2108). 

Guaiacyl rhloro-acetate, 

MeO C3H4O CO CHgCI, 

[8 prepared by treating a mixture of guaiacol, 
Tiojioehloroacetic acid and pyridine with phos- 
phorus oxychloride. It forms white needles, 
m.p. 58-60' (Einhorn and Hutz, l.c.). 

Guaiacol picrate forms orange-red needles ; 
m.p. 88-89°. 

Benzyl guaiacol is a yellow, beautifully 
uoreseent oil; b.p. 269-27()°/436 mm. (Boseci- 
grande, Chem. Zentr. 1898, T, 207). 

Many other giiaia(‘ol derivatives have been 
prepared, some of which huAc been recom- 
mended for use in motheme (B.P. 5856, 1894; 
Kubeinann, J.C.S. 1902, 81, 421; G P. 120558; 
Frdl. 1900-02, 1112; G.P. 157355; Prdl. 1902- 
)4, 616; Knapp anti Suter, (Jhein. Zentr. 1904, 
1, 391 ; Mourevi and Lazennee, Comjit. rend. 

1906, 142, 894; Bisclioff, Ber. 1906, 39, 3846; 
Gattennaun, Annalon, 1907, 357, 313; Four- 
neau, J. Pharm. Chiin. 1910, |vii], 1, 55, 97; 
Manchot, Ber. 1910, 43, 949 ; Wohl and Bert- 
hold, ibid. 2175; Hoft’maiin, G.P. 255924; 
Chem. Zentr. 1910, 11, 1105). 

A number of azo-derivatives of guaiacol are 
described by Leonardi (Atti R. Accad. .Lincei, 

1907, [v], 16, ii, 639) ; some nitro- and amino- 
derivatives by Reverdin and Crepieux, Ber. 
1903, 86, 2257; 1900, 39, 4232; Paul, ibid. 
2773; Kbhhng, ibid. 1905, 38. 3007; Fiehter 
and Schw ab, ibid. 1906, 89, 3339 ; Pollecoff and 
Robinson, J.(1S. 1918, 113, 645. 

Thioguaiacol and thwguaiacyl xanlhale have 
been prepared by Maiithiier (Ber. 1906, 39, 1347). 

Guaiacol forms mono-, di-, tri- and tetra- 
halogcn derivatives (Cousin, Compt. rend. 1898, 
127, 759; Tassily and I^roido, ibid. 1907, 144, 
767 ; Bull. Soc. eJiiiii. 1908, [iv], 3, 124 ; Maineli, 
Gazzetta, 1907, 87, ii, 366 ; Robertson, J.Cl.S. 

1908, 93, 791). The iodo-derivativea are said 
to be applicable in medicine (Mameli and Pinna, 
Chem. Zentr. 1907, II, 2044). 

Guaiacyl phosphite, m.p. 75-5°, is a white 
crystalline powder, with a piquant non- caustic 
taste and slight odour, soluble in most organit^ 
solvents, but only sparingly in water (Bollard, 
G.P. 05578 ; J.S.C.I. 1897, 16. 632 ; B.P. 27527, 
1896). Therapeutically similar to guaiacol. 
Another guaiacyl phosphite, m.p. 59°, is de- 
scribed by Dupuis (Compt. rend. 1910, 150, 622). 

Guaiacyl phosphate, (C0H4-OMe)3PO4, is pre- 
pared by the interaction of phosphorus oxy- 
chloride and the sodium derivative of guaiacol. 
It forms colourless orystals ; m.p. 98°, insoluble 
in water and alcohol, but soluble in ether, 
chloroform and acetone. It has been proposed 
as an intestiiml antiseptic. 

A number T)f other phosphorus compounds of 
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guaiarol are deserilK'd by Auger and Diipiua 
(Compl. rend 1908, 146 , Jiril), and by DiipiiU 
(ibid, 1910. 160 . 022; cf. F.l\ 781019 (1934); 
G.P. 029952; U.S.l*. 2023551 (1935) Smith, 
Engel and Stohlman diacusH the tnxieity of 
guaiaeyl phosphate preparations (Nat. Inst. 
Health Bull. 1932, No. 100, 1). 

GUAIACUM RESIN. This resin is ob- 
tained by extraction witli alcohol from the 
wood of fJiiaiacmn ojficinalr rirf/. aanriutn, mem- 
bers of the family Zygophyllaccrp. It is used to 
a small exti^nt in meclicine, but not to the 
extent it \caH some years ago, when it enjoyed 
an exaggerated reputation as a specific for 
gout ami rlieumatisrn. It occurs in round or 
(jvoid lA'ars, ot in large blocks, breaking with a 
vitreous fracture. Thin fragments are yellowish- 
green to red dish -browm. 

A number of resin hckIh in guaiacum have been 
desenbi'd, inclurJing guaiaretic aciil, 

^2U^2a^3(^ 

a- and jS-guaiaconie acids, C2oH2203(OH)2, and 
guaiaeie acid, C 2 iHjy 04 ( 0 H) 2 . for details of 
these, J9(ie iJobiier and Lucker (Arch. Pharni. 
1920, 234, 590). Further evidence is necessary 
to establistL tlie individuality of these acids, 
tlie formulae of which art‘ probably di-nved 
only from combust ion data. 

Good cpiality guaiacum resin should contain 
about 90% of matter soluble in alcohol, and ash 
from 3-5 to 5%. The acid value of the n*Hin 
varies from 45 to 55, and ester value from 120 
to 140. 

hVesh alcoholic extract of guaiacum resin is 
a noted biochemical reagent for peroxidases ; 
for a critical account, sfe Hawk, Bergeim and 
Coles, “ Practical Physiological (^lemistry,” 
11th od., 1938, p. 393. Although it has been 
used for the purpose, guaiacum is not a speciific 
teat for blood stains {see Haldane, “ Enzymes,” 
1930, p. 10). 

E. J. P. 

“ CUAIAKINOL/' Guaiachinol, the (juininc de- 
rivative of broraoguaiacol. 

” GUAIAMAR," monoglyceryl ether of guaiacol. 

GUAIARETIC ACID (t>. Guaiacum resin). 
GUAIASANOL (v. Guaiacoe). 
GUAIAZULENE (v. Guaiol). 

GUAICAMPHOL. Camjihoric ester of 
guaiacol. 

GUAIENE (v. Guaioe). 

GUAIOL. The crystalline sesquiterpene 
alcohol, guAiioU m.p. b.p. 147- 

14879 mm., « ‘J074, I-4710. ro]n-29-8'’ 

(in alcohol), is a constituent of Guaiacum wood 
oil (from the wood of the tree, Bulnesia sarmienii 
Lorenz) (Sehimmel’s Beport, 1892, II, 42) and 
occurs also in the oils from Callitria glauca 
(Baker and Smith, ” Pines of Australia,” 1910, 
pp. 63, 118), C. intratropica (Trikojus and White, 
J. Proc. Roy. Soc. New South Wales, 1935, 68, 
177) and from Ooiiystylus miquelianua j[£ykcn, 
Rec. trav. chim. 1906, 25, 44). Guaiol is a 
dioyclic tertiary alcohol, its structure having 
been determined by Plattner et al. (Helv, Chim. 
Acta, 1940, 28. 897; 1941, 24, 191, 1164). It 
yields on catalytic hydrogenation the alcohol, di- 
hydrogvjaiotf m.p. 79-80°, Ruzicka^and Haagen- 


Smit, ibid. 1931, 14 , 1131) or the hydrocarbon, 
ieirahydroguAiiene, b.p. 118-119°/17 mm., d*® 
0-8806, Wj) 1-47840, [ajp -f- 10-31° (Semmlor and 
Risse, Ber. 1913, 46 , 2305). On dehydration it 
yields a hydrocarbon or mixture of hydrocarbons 
known as guaiemt b.p, 128-130°/! 2 mm., dj® 
0-9115, 1-5022, ttp -16-8° (Ruzicka, Pontalti 

and Balas, Helv. Chim. Acta, 1923, 6 , 862), from 
whicli by dehydrogenation with sulphur the 
azulene, guaiazulene, b.p. 164°/ 11 mm., dj® 

0 9759, results (Ruzicka and Rudolph, ibid, 1926, 
9. 140; St. Pfau and Plattner, ibid. 1936, 19, 
866). The products formed by the oxidation of 
guaiol with potassium permanganate and with 
ozone have boon studied by Scminlerand Mayer 
(Ber. 1912, 45, 1391), Ruzicka and Haagen-Smit 
(l.c p. 1122), and by Trikojus and White (/.c.). 
The main oxidation product with either reagent 
is a dihydroxij -oxide, CjgHjoOg, m.p. 218°. 

J. L. S. 

GUAIYL ACETATE. Guaiol {q.v.) has 
a slight odour suggestive of tea-roses, and is 
identical with the alcohol isolated from 
(’hampata w'ood and formerly knowm as 
ehampaeol (Merk, Arch. Pharm. 1893, 231 , 123 ; 
Wallucli and Tuttle, Annalen, 1894, 279 , 391). 
The aeetate has a definite t(*a-rose odour, and 
the following characteristics, 0-988, 

1 4890, [oIj) - 2 S’; ester value 210-220. 

E. J. P. 

GUANASE (c. Vol. IV, 315tt). 

“ CUANICAINE ” {r. Vol. I, I20d). 

GUANIDINE, HN:C(NH 2)21 oeeiirs in 
small quantities in etiolated vetch seedlings, 
3 kg. of dried material yielding 1 g. of the 
nitrate (Schulze. Ber. 1892, 25 , 658); in beet 
juice (Lippmann, ibid. 1896, 29 , 2651); in 
an edible mushroom. Boletus edulia (Wintcrstcin 
el tth, Laiidw. Vers.-Stat. 1913, 79 - 80 , 541) ; and 
in the developing embryo ehiek (Burns, Bioehem. 
J. 1916, 10 , 263). Guanidine and methylguani- 
dine are found in urine, blood serum and otlior 
biological fluids, the quantities being increased 
in certain pathological conditions {see Burns 
and Sharpe, Quart. J. Exp. Physiol. 1916, 10 , 
345; Minot and Dodd, Amer. J. Dis. Children, 
1933, 46 , 622). 

Guanidine was first prepared by Strecker 
(Annalen, 1861, 118 , 169) by oxidising guanine 
with potassium chlorate and liydrochloric acid ; 
it is also obtained in small quantity by oxidising 
egg albumen with potassium permanganate, or 
gelatin with barium or calcium permanganate 
(Lossen, ibid. 1880, 201 , 309 ; Boudet, J. Pharm. 
Chim. 1867, (liij, 31 , 32 ; Kutseher and Zickgraf, 
Sitzungsber. K. Akad. Wias. Berlin, 1903, 28 , 
624) ; it is formed synthetically ( 1 ) by heating 
biuret and hydrogen chloride at 160— 1 70*" 
(Einckh, Annalen, 1862, 124 , 332) ; (2) from 
chloropicrin and alcoholic ammonia at 100° 
(Hofmann, Ber. 1868, 1 , 146) ; (3) from ethyl 
orthocarbonate and aqueous ammonia at 150° 
(Hofmann, Annalen, 1866, 189 , 111); (4) from 
carbonyl chloride and ammonia (Bouchardat, 
Compt. rend. 1869, 69 , 961) ; (6) from urea and 
ammonia under dehydrating conditions; am- 
monia and carbon dioxide or salts derived from 
them may be used instead of urea ; finely divided 
nickel, aluminium, alumina or manganese 
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dioxide have been proposed as catalysts for the 
reaction, which takes place at 250-300° under 
pressure or at lower temperatures in the presence 
of a non-aqueous solvent (Sander, G.P. 527237) ; 
(6) from ammonium chloride and alcoholic 
cyanamide at 100° (Erlenmeyer, Annalen, 1868, 
146, 259), modifications of this method using 
dicyanodiamide and various ammonium salts are 
frequently used for the preparation of guanidine 
salts ; (7) by the hydrolysis of dicyanodiamide 
with mineral acid, each molecule giving 1 mol. 
of guanidine (Davis, J. Amer. Chem. Soc. 1921, 
43, 669), (8) by the oxidation of dicyanudiamidinc 
(Baumann, Ber. 1874, 7, 1766; cf. the action 
of aquu regia, Ulpiani, G.P. 209431) ; (9) from 
cyanogen iodide and alcoholic ammonia at 100° 
(Bannow, Ber. 1871, 4, 161). Reduction of 
tetranitromethane with nickel- zinc and HCI 
yields guanidine hydrochloride (Rakshit, J. 
Amer. Chem. Soc. 1914, 30, 1221). Sfciihler 
obtained this salt from CCI4 and NH3 at 140° 
in presence of Cu and I (Ber. 1914, 47, 909). 
Hydrogenation of carbamideimidoazidc nitrate 
(Hantzsch and Vagt, Annalen, 1901, 314, 339) 
in the presence of colloidal palladium gives 
guanidine and nitrogen (Wienhaus and Ziehl, 
Ber. 1932, 65 [B], 1461). 

Guanidine, in the form of its salts, is usually 
prepared by modifications of Erlenmeyer’s 
((6) supra) or by the following method. Am 
monium thiocyanate is heated for 20 hours at 
180-190°, and the melt is extracted with water, 
the extract concentrated and the guanidine thio- 
cyanate allowed to crystallise (l)elitsch, J. pr. 
Chem. 1873, [ii], 8, 240; 1874, fiij, 9, 2; Vol- 
hard, ibid. 9, 15 ; Krall, J.C.S. 1913, 103, 1378 
Sharije, J. Biol. Chem. 1917, 28, 399). 

Gluud et aJ. (Bor. Ges. Kohlentech. 1931, 4, 
21; F.P. 728156; G.P. 568401) lead ammonia 
gas through molten ammonium thiocyanate at 
170-180°. In Gockers modification a metallic 
salt, c.g. of lead, is present (Angow. Chem. 1936, 
48, 430). Schopf and Klapproth have reported a 
violent explosion {ibid. 1936, 49, 23). The besi 
methods of preparing guanidine salts depend or 
heating the corresponding ammonium salts with 
dicyanodiamide (Kathke, Bor. 1885, 18, 3107). 
Thus, Werner and Bell describe the prepara- 
tion in 90% yield of the thiocyanate by thii 
method (J.C.S. 1920, 117, 1133), and Davi 
(Org. Synth. 1927, 7, 46) similarly prepared thi 
nitrate. Davis recommends heating dicyano 
diamide and ammonium nitrate. ISmith, Sabettc 
and Steinbacli (Ind. Eng. Chem. 1931, 23, 1124 
state the optimum conditions. Preparations 
guanidine sulphate from dicyanodiamide, set 
Levene and Senior, J. Biol. Chem. 1916, 25 
623; Lidholm, Ber. 1913, 46, 166; Caro, Z 
angew. Chem. 1910, 23, 2406 ; guanidme phos 
phate, Jones and Aldred, Ind. Eng. Chem. 1936 
28, 272; guanidine salts from metallic cyan 
amides, G.P. 586446, 600869, and for th( 
mechanism of the process, Gockel, Angew 
Chem. 1934, 47, 555. 

Guanidine is a deliquescent crystalline solid, 
readily soluble in alcohol and water; it is 
volatile and strongly alkaline, absorbs carboi 
dioxide from the air, and forms crystalline salts. 
According to e.m.f, measurements it is a strongei 
base than any other organic nitrogenous base 


'ecorded (Hall and Sprinkle, J. Amer. Chem. 
loc. 1932, 54, 3469). The ultra-violet absorp- 
ion spectrum shows only end absorption 
Graubner, Z. ges. exp. Med. 1928, 63, 527). 
uanidine is decomposed into ammonia and urea 
n boiling with barium hydroxide solution or 
ilute sulphuric acid (Ossikowsky, Bull. Soc. 
him. 1872, [ii], 18, 161 ; Baumann, Ber. 1873, 

I, 1376) ; and is completely decomposed into 
larbon dioxide and ammonia by heating with 
oiicontrated acids or alkalies. Guanidine is 
lecomposed, evolving two-thirds of its nitrogen 
phen mixed with sodium hypochlorite or hypo- 
iromite (Fenton, J.C.S. i879, 35, 14; Von 
Wordier, Monatsh. 1926, 47, 327). When chlorin- 
.tod at 0° in slightly acid solution buffered with 
MaOAc and AcOH, guanidine is converted into 
M-chloroazodicarbamidmes (U.S.P. 2016257). 
'Citrous acid reacts with guanidine with libera- 
,ion of nitrogen but only in the presence of 
itrong acid (Hynd and MacFarlane, Biochem. J. 
926, 20, 1264). Cyanamide is formed when 
litrous fumes are passed into aqueous guanidine 
ulphate (Bancroft and Belden, J. Physical 
^hcm. 1931, 35, 2684). Guanidine and those of 
its derivatives containing a free amino-group 
react, on warming, with diacetyl or generally 
with compounds containing the grouping 

^O CO CHg — with the formation of a 
violet coloration which has been made the 
basis for a colorimetric method of determining 
•reatme and arginine (l^ang, Z. physiol. Chem. 
1932, 208, 273). Guanidine forms conden- 
sation products with dioarboxylic acids (Traiibe, 
Ber. 1893, 26, 2651 ; Ruheman and Stapleton, 

J. C.S. 1900, 77, 805; Kaess and Gruszkiew'icz, 
Ber. 1902, 35, 3600) ; with /J-ketonic acids 
(Jaeger, Annalen, 1891, 262, 365); with /ff- 
liketones (Evans, J. pr. (!hom. 1892, [11], 
45, 489; Wense, Ber. 1886, 19, 761); with 
malononitrile (Alerck, G.l^. J 65692); with 
ethyl cyanoacetate (Traube, G.P. 115253). 
Guanidine reacts with mustard oils to form 
guanylthioii reas, RNHCSNHC(:NH)NH 2 
(Slotta, Tscheschc and Dressier, Ber. 1930, 63 
[B], 208). Glycine ester reacts with 2 mol. 
of anhydrous guanidine giving glycoeyamidine 
(Abderhalden and Sickel, Z. physiol. Chem. 
1928, 173, 51). Guanidine forms compounds 
with sugars containing 3 mol. of sugar and 1 mol. 
of guanidine ; these exhibit mutarotation and 
have a lower optical activity than the sugars 
from which they are derived (Morrell and BelJars, 
J.C.S. 1907, 91, 1010 ; Pr/ylccki et al., Biochem. 
Z. 1935, 277, 420, 424 ; cf. Giedroyd, Cichocka 
and Mystkowski, ibid. 1935, 281, 422). Com- 
bination with proteins also occurs under suitable 
Ph conditions. Thus, guanidine combines with 
ovalbumin and gelatin above the isoelectric 
points, with casein and globulin below their iso- 
electric points (Petrunkin, J. Gen. Physiol. 
1927, 11, 101 ; Przylecki, Mystkowski and 
Niklewski, Biochem. Z. 1933, 262, 260). 

When guanidine hydrochloride* is heated at 
180°, ammonia is evolved and biguanide is formed, 
the reaction being similar to the formation of 
biuret from urea : 

2HN.C(NH2)a 

= Nh^-l-HN:C(NHjj)NHC(:NH)NHj 
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In its phy Biological action, guanidine is highly 
to^ic; when fed to rabbitH, it causeH a eon* 
Biderablc fall in the blood sugar, convulsions and 
death (Frank, Nothrnann and Wagner, Arch, 
exp. Path. Pharra. 1920, 115, 55) . 1 >osos smaller 
than poisonous ones were in rabbits excreted 
unchanged in the urine (Pommerrenig, Beitr. 
chern. l^hysiol. Path. 1902, i, 501 ; Garino, 
Arch. Farm, sjieriin. 1910, 22, 229, from (5hem. 
Zentr. 1910, Jl, 1047). For other phy.siological 
data, Sfe DonungiH'Z, Proc. Soc. Exp. Biol. 
Med. 1927, 25, 57; Hurst and Hurst, J. Path. 
Bact 192H, 31, .'103; (^ainis, J. Physiol. 1909, 
89, 73, Fulmer, Arch e\p. Path. Pharm. 1920, 
88. I71>, Langley. J. Physiol. 1910, 60, 419; 
Meighan, ihid. 11)17, 51, 51). Although guani- 
dine does not appear to be a normal oxidation 

roduct of arginine in the body (Pommerrenig, 
.c.), guanuline intoxication occurs in certain 
clmiciil cf)nditionH (Minot and Dodd, Amor. J. 
l)is. (3iildren, 1933, 46, 522). Many derivatives 
of guanidine, e.fj. 1 -guanido-4-aminobutane 
(“ Afjmattne ”), the corresponding derivative of 
dccanc (“ Syntfialin ”), the compound 

EtO CeH4N:C(NH CaH4 0Me)aHCI 

(“ Aroine "), exhibit a marked iiiHuliii-like 
aetivity wliieh has been applied in a few inatane(‘S 
to the treatmiuit of mild l ases of diabetes metlitus 
(Frank, Noth maun and VV^igiicr, Klin. Wochschr. 
1920, 6, 2100; Cannavb, Arch. Farm, sperim. 
1027,44, 49; 45, 218; Kiimagai, Kawai and 
Shikuiami, Proc. Imp. Aead. (Japan), 1928, 4, 
23; Gessiior, Areli. exp. Path. Pharrn. 1930, 
147, 300; Harwood, Iowa State Coll. J. Sei. 
1932, 6, 431). Small (piantities of guanidine, 
0*01%, are injurious to ehlorojihyllous plants, 
whilst fungi utilise it as a snureo of nitrogen but 
not of earhon (Kawakita, Bull. Coll. Agr. Tokyo, 
1904, 6, 181 ; Kossawitz, CJiem. Zentr. 1913, I, 
1279). I'\>r its significance in plant physiology, 

see Taiihoek and Wiriterstein, in G. Klein, 
Handb. Plianzeiiaiialyse, 1933, 4, J90; Chem. 
Zentr. 19:i3, 11, 3321. 

Tests and E,siimatioti . — Many salts of guanidine 
give a yellowish-Mhite floeeulent precipitate with 
Nessler’s reagent, even at a dilul-ion of 0-01% 
(Seliiilze, Ber. 1892, 25, 001). Arginine gives a 
.similar preeijutate (Barger, “Simpler Natural 
Bases,” 1914, 104 ; nepholometiie deteriuinatioii 
of small quantities ol guanidine, Kittmann, Bio- 
chem. Z. 1920, 172, 30). A reagent made from 
10% solutions of sodium nitropnisside and 
potassium ferrieyanido mixed with sodium 
hydroxide just before use gives an intense red 
coloration with guanidine and its mono- and di- 
substitiited derivatives. The guanidines are 
first separated as phospliotungstates or adsorbed 
on ” norit " (Weber, Proc. Soe. Exp. Biol. 
Med. 1927, 24, 712; Pfiffner and Myers, ibid. 
1926, 23, 830; J. Biol. Chem. 1930, 87, 345; 
Ellis, Biochom. J. 1928, 22, 353 ; Weber, J. Biol. 
Chem. 1928, 78, 465). 

A test developed by Sullivan has also been 
used for the colorimetric estimation of guanidine. 
To guanidine in aqueous or 0-lW-hydro- 
chloric acid solution is added a 1% solution of 
sodium l;2-naphthoquinone-4-sulphonate and 
A^-NaOH. After heating to 90‘^‘for 1 minute 


and cooling again, the solution is strongly 
acidified with hydrochloric acid. Addition of 
concentrated nitric acid now causes the for- 
mation of a red coloration or brown precipitate 
of 4-guanido-l:2-naphthoquinone (Sullivan, Proc. 
Soc. Exp. Biol. Med. 1935, 33, 106; Sullivan 
and Hess, J. Amcr. Chem. Soc. 1936, 58, 47). 
Interference due to ammonia, methylamine, 
indole or benzidine can bo eliminated by their 
removal beforehand. Certain synthetic deriva- 
tives of guanidine interfere (Braun and Bees, 
J. Biol. Chem. 1930, 114, 415), but these may be 
rendered ina(‘tiv'o by addition of a little hydroxyl - 
amine immediately before acidification (Sullivan, 
ibid. 1930, 116, 233). 

The separation of guanidines from creatine 
and creatinine by adsorption on ” Doucil” a 
sodium aluminium silicate, has been suggested 
by Saunders (Biochem. J. 1932, 26, 801), The 
sejiaration of guanidine and methylguanidine 
can bo effected by means of )9-naphthalencsul- 
plionyl chloride and depends on the fact that, 
under Hiandardised conditions, methylguanidine 
does not react with this reagent (Hess and 
Sullivan, J. Amer. C3iem. Soc. 1935, 57, 2331). 

Ill the estiniation of guanidine by precipitation 
with picric acid, the salt is dried at 110° and 
weighed (Vozdrik, Z. angew. Chem. 1902, 15, 
070). PuToloiiic acid has been used in prefer- 
ence to picric acid since the precipitates are not 
<‘Oiitaminated with creatinine (Kiien, Biochem. 
Z. 1927, 187, 283). J<3avianic acid can be used 
similarly (Muller, Z. physiol. f!hom. 1932, 209, 
207). Guanidine phosphotungstate is soluble 
(22 8 parts) in 100 parts of a mixt’ire of acetone 
(4 vol.) with water (3 vol.) (Wechslcr, ibid. 1911, 
73, 141 ; Drummond, Biochem. J. 1918, 12, 6) 
2-Nifro-]:3-nidanodionc forms a guanidine salt, 
m p. about 258°, which is of use in the identifi- 
cation of guanidine (Wanag and Lode, Ber. 
1937, 70 [B], 547). (Jiolinc and guanidine may 
bo detected in organs by means of a histo- 
chcmical test described by Hirose (Mitt. Med. 
Gos. Tolvio, 1931, 43, 888'; Chern. Zentr. 1931 

I, 054; Amer. (!hem. Abstr. 1932, 26, 3812). 

Fur the ideritifieatioii of the arylguanidines, 

used for the vulcanisation of rubber, by a colour 
reaction with cobalt olcate, see Shimada (J. Soc. 
Chem. Ind. Japan, 1933, 36, Suppl. binding 82), 
and for their estimation by titration with 
hydrochloric acid, see. Mogoricheva and Korsuns- 
kaja, J. Rubber Tnd. U.S.S.R. 1933, 10, 341 ; 
Miinitoya, Nagai and Aoe, J. Soc. Rubber Ind. 
Japan, 1934, 7, 134; 1935, 8, 328; Kuznetzov, 

J. Chem. Ind. (Moscow), 1935, 12, 1265; 
Humphrey, Ind. Eng. Chem. [Anal.], 1936, 8, 
163 (estimation as picrato after hydrolysis). 

Salts . — Guanidine forms crystalline salts with 
mineral and organic acids, and also characteristic 
double salts. The hydrochloride^ or guanidinium 
chloride, CHgNgCI, crystallises in the ortho- 
rhombic system (Theilacker, Z. Krist. 1931, 76, 
303) and forms double salts with mercuric 
chloride, CHaN3CI,2HgCl2 (Byk, J. pr. Chem. 
1879, [ii], 20, 233) a.nd platinic iodide (Datta and 
Ghosh, J. Amer. Chem. Soc. 1914, 36, 1017) 
The hydrohromide, CHgNgBr, forms ortho- 
rhombic bip 3 rramidal crystals (Theilacker, Z. 
Krist. 1935, 90, 256). Both the bromide and 
iodide form addition compounds with mercuric 
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cyanide of the type CHgN3l Hg(CN)2, m.p. 
26 U (decomp.). The chloroaurak, 

CHjNa-HAuCI^, 

forms deep yellow, sparingly soluble needles 
(Hofmann, Ber. 1868, 1. 146); the chloro- 
plaiinatCt (CHjNaljHgPtClj, yellow needles 
soluble in water, sparingly so in alcohol (Strecker, 
Annalen, 1861, 118, 160) ; the pUUinithioryanate^ 
(CH5N3)2HaPt(CNS)3, forms beautiful red 
crystals which blacken at 170-176'* (Guareschi, 
Chem. Zentr. 1891, II, 620). For the pallado- 
chloride^ see Gutbier and Fellner, Z. anorg. 
Chem. 1916, 95, 128. The thiocyanate, 

CH6N3 HCNS, 

has m.p. IIS'* and 100 parts of water dissolve 
134-9 parts at 15° (Engel, Bull. Soc. chim. 
1885, fii], 44, 424). The aside, CHBN3 HN3. 
m.p. 93-5°, is hu’ined by double decomposi- 
tion between the chloride and silver azide. 
When treated with carbon disulphide, it 
forms guanidine azido-dithiocarbonate, 
CHgNg-HSCSN., (Craik, Berger and Brow'iie, 
J. Amer. Chcni. Soc. 1934, 56, 2380). The 
nitrate, CHr^Ng.HNOa, crystallises in large 
jdates, m.p. (eon.) 217°; 25-6 parts dissolve in 
100 parts of water at 20 ’ (Smith, Sabetta and 
Steiiibach, Ind. Eng. Chem. 1931, 23, 1124). 
For the preparation of the nitrate from the thio- 
eyanat(‘, see Jousaelin, Bull. Soc. chim. 1880, 
|iij, 34, 497, The nitrite, CH^Ng-HNO^, forms 
glittering prisms, m.p. 70"78 5° (Lossen, An- 
iialen, 1891, 265, 129). The swip/ia/e, 

(CH 5 N,),H,S 04 

(Bodewig, J. Ann. Physik, 1876, 157, 125), forms 
a double salt with aluminium sulphate, 

(CH.NalaH^SO^ Al 2 (S 04 ) 3 , 12 H 30 

(Ferrabo.schi, Pioi‘. Caiiib. Phil. Soe. 1908, 14, 
471). The carbonate, (CHgNalgHgCOg, juisms, 
m.p. 197° (Schroder, Her. 1880, 13, 1072); 
Burgers (Proc. Hoy. Soc. 1927, A, 116, 553) 
described uniaxial, optically active crystals in 
which the activity was attributed to a special 
arrangement of the atoms within the unit 
structure. Thc/rd/aocair6oao<e,(CH3N3)2H2CS3, 
is prepared by heating the free base with 
carbon disulphide for 2 hours at 100° (Straek, 
Z. physiol. Chem. 1929, 180, 198), The rncta- 
phosphate, CH^Na-HPOg, forma a fine crystal- 
line precipitate (Pohl, ibid. 1889, 13, 296). 
Diguanidine phosjdiate , 

(CH,N3).2H3P0,.2H30, 

is obtained by stirring the thiocyanate with 
silver phosphate and 20% phosphoric acid at 
50° and evaporating to dryness (G.P. 614818). 
The diethylpyrophosphate results from the action 
of ethyl metaphosphate on the carbonate in dry 
chloroform (Plimmer and Burch, J.C.S. 1929, 
279). The hypophosphate has been prepared and 
its magnetic susceptibility (—0-41 at 18-20°) 
determined (Bell and Sugden, ibid. 1933, 48). 
The chlorate, CNsNa HClOg, m.p. 100-101° 
(c/. the decomposition temperature 148° given 
by Datta and Choudhury, J. Amer. Chem. Soc. 
Voh VI.— 10 


1916, 38 , 1079), is less stable than the per- 
chlorate, CH3N3-HCI04, m.p. 245-246° (Miee- 
wicz, Przcmysl Chem. 1926, 10 , 56, 136). 
According to Mazzucchelli and Rossi (Gazzetta, 
1927, 57 , 383), the perchlorate cannot be ex- 
ploded w'iih a hammer and when heated in the 
open it fuses and volatilises. The mono-, di- and 
tri-chromates are prepared by the action of 
chromic acid on the carbonate. The mono- 
chromate forms triclinic, the di- and tri- 
chroinates monoclinic crystals (Swaryezewski, 
Bull. Acad. Polonaise, Classe sci. math. nat. 
1934, A, 246). Guanidine forms salts with a 
number of chromium complexes, e.g. the 
reineckate, [(SCN),Cr(NH,),]-[CH,N,]+ 
(Carlsohn and Rathinann, J. pr. Chem. 1936, [ii], 
147 , 29, solubility data are given). The acetate 
forms shining needles, m p. 229-230° (Ostro- 
govioh, Gazzetta, 1897, 27 , i, 223; r/. Wieland 
et al., Annalen, 1933, 507 , 226), The dioxalate, 
CHjNj-CgHjO^.HgO, 18 sparingly soluble 
(Strecker, Lc.). The salt with acetylglycino has 
tn.p. 105-110°. With 3:5-dinitrc>benzoyl chloride 
in the presence of alkali, guanidine gives a di- 
3:5-dmitro benzoyl derivative which is insoluble in 
sodium hydroxide (Saunders, Biochoin. J. 1934, 
28 , 580). ‘ The CH5 N3 CaHjj(N02)30H 
is a Bjiaringly Holul>le, yellow, crystalline salt, 
m.p. 333° ; 1 part dissolves in 2,630 parts of 
water at 9° (Einich, Munatsh. 1891, 12 , 24). 
The jirecipitation of guanidine picrate is pre- 
vented hy nucleic acid, owing to the formation 
of a more soluble complex picrate (White, 
Trans. Roy. Soc. Canada, 1926, 20 , Sect. V, 
321). According to Von Cordier ((3ioni. Zentr. 
1906, 1, 340), guanidine picrate (r/. supra), exists 
in two stereoisomcric forms which are identical 
in specific gravity and electrical conductivity 
but differ in solubility. The li-toluenesulpho- 
nute has m.p. 206°, and the ^-naphtkalene- 
sulphonate, in.j). 259° (Rerasen and Garner, 
Amei’. Chem. J, 1901, 25 , 173). The picrolonatt, 
CHbN3-C,oH80 ,N4, is Boliilile in alcohol 
(Schenck, Z. physiol. Chem. 1905, 44 , 427) ; 
the m-bromopicrolonate decomposes at 276° 
(Zimmermann and Cuthbertson, ibid. 1932, 
205 , 38). Many guanidinium salts of in- 
organic; ISO- and hetero-poly acids have been 
prepared (Gutbier, Meblcr and Ottenstoin, Z. 
anorg. Chem. 1914, 89 , 313, 333, 343; Rosen- 
heim ei al., ibid. 1913, 79 , 292; 1914, 89 , 224 ; 
1916, 91 , 75; 1930, 193 , 64; 1932, 204 , 342; 
Ber. 1911, 44 , 1865; Z. Elektrochem. 1911. 17 , 
694 ; Fernandes et at., Atti R. Accad. Lincei, 
1927, [vi], 5 , 339; 1927. [vi], 6 , 102; 1928, [vi], 
7 , 496; Gazzetta, 1926, 56 , 655; Brukl and 
Hahn, Monatsh. 1932, 59 , 194 ; Schramm, Z. 
anorg. Chem. 1927, 161 , 231 ; Woinland and 
Friede, Arch. Pliarm. 1928, 266 . 363). 

Acyl Derivatives. — Formyljguanidine, 

HaNC(:NH)NHCHO, 

has m.p. 178° (decomp.) ; amtylguanidine, m.p. 
186°, hydrochloride, m.p. 145° (Korndorfer, 
Arch. Pharm. 1903, 241 , 449, gives m.p. 142°). 
{See also Traube, Ber. 1910, 48 , 3686 ; Pierrow, 
Compt. rend. 1910, 161 , 1364; Wheeler and 
Johnson, Amer. Chem. J. 1901, 26 , 417; 
Andreasch, l^natsh. 1926, 46 , 639.) 
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Allylmalonylguanidine, m.p. 205-260°, cry- 
HtalliHcs from acetic acid in hexagonal plates 
(Johnson and Hill, Amer. Chem. J. 1911, 40, 
637), For guanidino-glycylglycine and the intro- 
duction of guanidine into the polypeptide 
molecule, see dementi, Gazzetta, 1916, 46, i, 60, 
li, 270. 

Alkyl and Aryl Derivatives.— JlfctAyi- 
gmnidim, HNiCCNHgjNHMe, has been iso- 
lated from miisole (Gulewitsch, Z. physiol, 
('hem. 1900, 47, 471 ; Ewins, Biochem. J. 
1910, 10, 103; Smorodintzev and Adova, Z. 
pliymol. ('hem. 1928, 181, 77; Komarow, 
Bioclx'in. Z. 1929, 211, 320) and is considered by 
Mann to he a natural constituent of muscle 
(ihid. 19.34, 268, 339). It has been found in milk 
(.Muller, Z. Biol. 1920, 84, 663). For its isolation 
Iroin normal human urine, see Wada, Acta 
Schol, Med. Univ. Imp. Kioto, 1930, 18, 187, and 
fnjni that of dogs, see Koch, J. Biol. Chem. 
1913, 15, 313; lor its determinatirm m blood, 
see Zapjuicosta, Boll. Soc. Ital. Biol, sperim. 
1936, 10, 706; see also the methods of deter- 
mining guanidine, many of which are applicable 
to its alkyl derivatives. It can be prepared by 
Hoveial of the methods used for guanidine if 
mi'thylumiiio is Hubstituted for ammonia, e.g. 
Erlennieyer’s and Werner and Bell’s methods 
(Erlennieycr, Bor. 1870, 8, 890; B.P. 279884; 
Caimd. P. 281121 ; Araer. Chom. Abstr. 1929, 23, 
3443 ; Philippi and Morseh,Ber. 1927,60 B, 21 20). 
The Kathke syiitheHis, consisting of the treat- 
ment of alkyh'sothiourca salts with an amine, is 
general and ajiplieablo also to the preparation 
of polyalkyl-substituted derivatives (Lecher, 
Z. physiol. Chern. 1928, 176, 43; (’anad.P. 
270107; Piovano, Gazzetta, 1928, 58, 246; 
Phillips and Clarke, J. Amer. Chem. Soe. 1923, 
45, 1766 ; .Smith, ibid. 1929, 51, 470). A special 
method of preparation of methylgnauidine is by 
lioiling creatine with mercuric or lead oxide and 
dilute sulphuric acid (Dessaignes, Annalen, 
1864, 92, 407 ; 1860, 97, 340). For separation 
of guanidine and methylguanidine (see p. 144c). 
Methylgnanidine gives a characteristic red 
colour (Sagakiichi reaction) w'hen treated, in 
alkaline solution, u ith a-naphthol and sodium 
hypochlorite. This reaction may be used for its 
colorimetric determination if the concentration 
is greater t han 60 mg. per litre (Kuen, Bioehein. 
Z. 1927, 187, 283). The alkaline nitropruaside- 
ferri cyanide reagent (p. 1446) is also applicable 
to the eolorimetnc estimation of methylgnani- 
dino (Pfiffner and Mvers, Proc. Soc. Exp. Biol. 
Med. 1920,28, 830). 

Methylguanidine is a strongly basic, volatile, 
deliquescent crystalline substance which readily 
decomposes ; it decolorises permanganate, and 
liberates ammonia and methylamine on heating 
with potassium hydroxide. For the preparation 
of the chloride and its conversion to other salts, 
see Traube and Gomiak, Amer. Chem. Abstr. 
1929, 28, 3443. The sulphate, 

(CaH,N 3 ),H,S 04 , 

crystallised from water, has m.p. 238*^; the 
nitrate, from ethyl alcohol, m.p. 148-149° ; 
the nitrite, m.p. 160° and the formate, m.p. 122°. 
The oxalate, is cry- 


italline and soluble in water. The chloroauraie, 
C 2 H 7 Ng,HAuCl 4 , forms yellow crystals, m.p. 

1 98-200° ; the pJaiinichloride, 

(C2H,Na)2H2PtCle, 

yellondsh-red prisms, sintering at 186-187° and 
m.p. 194-196° (Schenck, Arch. Pharm. 1909, 247, 
466 ; Schenck and Kirchhof, Ber. 1927, 00 [B], 
2412). The reineckate, 

[(SCN)4Cr(NHa)2nC2HgN3f 

has m.p. 228-230° (Smorodintzev, Z. physiol. 
Chem. 1930, 189, 7). The picrale crystallises 
from water in two distinct modiheations, yellow 
plates or needles, m.p. 201-5° (Gulewdtsch, l.c.). 
The picrolonate, C-H^Ng* C,oH, 0,N., melts at 
291° (Wheeler and Jamieson, J. Biol. Chem. 
1904, 4, 111). Acetylmethylgaauidine is formed 
by warming the base with ethyl acetate ; it has 
m.p. 171—172°. Benzoylmethylguanidine, pre- 
pared similarly, has m.p. 166° ; hydrochloride, 
m.p. 220-221°. Oxalylrnethylguanidine, 

NHC(:NH)NMe 

CO CO 

m.p. 205-207°, is formed from the base and ethyl 
oxalate in alcoholic solution. 

Alkyl derivatives of guanidine containing 
higluir alkyl groups and also polysubstituted 
derivatives arc usually prepared either by 
Erlenmeyer’s or Riithko’s method. For the 
prepaiatiori from alkyhsothioiiroas of mono- 
siibstituted guanidines with alliyl groups high(;r 
than methyl, see Schenck and Kirchhof, Z. 
physiol. Chem. 1926, 168,90; Ber. 1927, 60 fB], 
2412; Piovano, Gazzetta, 1928, 58, 246; and 
Amer. (3u‘iu. Abstr. 1933, 27, 1867, and for 
Erlenineyer’s mctluHl, B.P. 279884 ; Canad.P. 
281121;' G.P. 494918; B.P. 280196; also 
Davis and Elderficld, J. Araer. Chem. Soc. 1932, 
54, 1 199. For polyalkylguanidines, .^ee Kling- 
uer, Z. physiol. Chem. 1926, 155, 206; Lecher 
and Demmler, ibid. 1927, 167, 163; Schenck 
and Kirchhof, Ber. 1927, ^ (B], 2412 ; Schotte, 
Priewe and Koescheisen, Z. ph3^3iol. Chem. 1928, 
174, 119; Davis and EldorfieJd, l.c.; B.P. 
285873 ; and for pcralkylated (pentasubstiLuted) 
guanidine.s, see Lecher ct al., Annalen, 1927, 455, 
139; U.S.P. 1766766. 

a-Phenylguanidine, NH:C(NH 2 )NHPh, is 
conveniently prepared by heating aniline with 
methylisothiourca sulphate until evolution of 
mercaptan ceases, it is purified by conversion to 
the carbonate which is only slightly soluble in 
cold water. The free base, m.p. 66-68°, crj’^stal- 
lises in the monoclinic system, is soluble in 
alcohol and benzene and slightly soluble in water, 
ether and carbon tetrachloride, and absorbs 
carbon dioxide and water from the air. a- 
Phenylguanidine sulphate forms monoclinic 
crystals, m.p. 205°, is soluble in water and 
slightly soluble in 96% alcohol ; the carbonate, 
monoclinio crystals, m.p. 138-140°, is soluble 
in hot water ; the nitrate, triclinic crystals, 
m.p. 118-119°, is soluble in hot water and 
alcohol but slightly in cold ; the picrate, m.p. 
218-220°, forms either orthorhombic or triclinic 
crystals insoluble in water, and the chloro- 
platinate, m.p. 196°, triclinic crystals is slightly 
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soluble in water (Smith, J. Amer. Chcm. Soo. 
1929, 51, 476). y-Benzayl-a-p/itnylguanidine has 
m.p. 91-92°. For other arylgiianidines, see 
Braun, J. Amer. Chem. Soc., 1933, 65, 12^. 

Diarylguanidines are much used as^accelerators 
for the vulcanisation of rubber (Elley and 
Powers, India Rubber World, 1926, 75, 143; 
Stoll, Gummi-Ztg. 1926, 41, 193; diphenyl- 
guanidine phthdUUe, U.S.P. 1950067). ay- Deriva- 
tives may be prepared by desulphurising diaryl- 
thiourcos in the presence of ammoiua, e.g. with 
basic salts of lead, zinc, cadmium or tin (Naunton, 
Trans. Inst. Rubber TlKlust^^ 192G, 2, 147, 
J.S.C.l. 1926, 46, 376t; U.H.V. 1630769, 

1642180, 1662626, 1669242, 1672431 ; B.P. 
202155) ; or, in excellent yield, bj^ the action 
of cyanogen chloride or bromide on anihnes 
(Naunton, i.r.; U.S.P. 1639724, 1639725). Forthc 
preparation of aa-diarylgmnidiufJi, see Paulson, 
U.S.P. 1675865; Arndt and Rosenau, Amer. 
Chem.Abatr. 1918,12,1187. For reviews on the 
preparation of diphenylguanidiiui, see Hutin, 
Caoutchouc and Gutta-percha, 1926, 23, 13297; 
Drozdov, J. Chem. Ind. Russ. 1932, No. 7, 44. 
When aryl substituted guanidines are heated, 
n'arrangeincnts occur (Klingner, Z. physiol. 
Chem. 1926, 155, 206). Additional reference.s to 
substituted giianidiiies are : Ntrakosch, Her. 
1872, 5. 692 ; Tatarinow, J.C.S. 1880, 38, 233 ; 
Noah, Rer. 1890, 23. 2196 ; Hofmann, ibid. 1869, 
2, 601 ; Fischer, ibid. 1897, 30, 2414 ; Alway and 
Vail, Amer. Chem. J. 1902, 28, 158; Kampf, 
Rer. 1904, 37, 1681; Riedel, G.P. 66550; 
104361 ; Schenck, Arch. Pharm. 1911, 249, 463, 
1912, 250, 306. 

Guanamines. — When the guanidine salts 
of the fatty acid s(;ries are heated at 220-230°, 
M'ater and ammonia are eliminated and 2:4- 
diamino-.9-triazine8, lormcrly called guanamines^ 
arc formed, and afford excellent means of identi- 
fying volatile fatty acids (Haaf, J. pr. Chem. 
1891, [ii], 43, 15):' 

N— C NH- 

1 2 ^ 

RC6 3N 

\5 4 / 

N^-CNHj 

The same series of compounds and also the 
aryl derivatives are formed when dieyanodi- 
amide is heated with arnidnies or their salts or 
with nitriles at 200-250° with or without alcohol 
(Ostrogovich, Atti. R. Aeead. Liiicei, 1911, [vj, 
20, i. 182, 249; Gazzetta, 1930, 60, 648; 1932, 
62,317; Amer. Chem. Abstr. 1930, 24, 5752; 
(Rianamincs are also obtainable from bignanidc 
and nitriles but the yields are lower. Acelo- 
guanamine^ (R = CH3) (6-inethyl-2:4-diamino- 
l:3:5-triazine), m.p, 265°. 

Chloroguanidine, CH4CIN3, obtained by 
the action of bleaching powder solution on 
guanidine carbonate in ice-water, forms a pale 
yellow crystalline powder that decomposes at 
150° (Kamenski. Ber. 1878, 11, 1602). 

Bromoguanidine, CH4BrN3, formed from 
equimolecular proportions of bromine and 
guanidine carbonate, crystallises in yellow 
needles. By the action of 3 mol. bromine on 
1 mol. guanidine carbonate, the compound, 
CHjNjHBr-Br,, is formed, crystallising in 


dark red prisms. The corresponding iodine 
compound, CHgNj'HMg, crystallises in prisms 
the colour of io^e (Kamenski, l.c.). 

a-Cyanoguanidlne (Dicyanodiamide^ q.v.). 

Nitroguanldine,HN:C(NH,)NHN03,was 
first prepared by Jousselin (1877) by the action 
of fuming nitric acid and nitric oxide on guani- 
dine nitrate, and called by him nitrosoguanidine. 
Pellizzari (Gazzetta, 1891, 21, ii, 405) show'cd 
that it was the nitro compound and his results 
were confirmed by Thiele (Annalen, 1892, 270, 1), 
who also prepared it by the action of fuming 
nitric acid and sulphuric acid on guanidine thio- 
cyanate. It exists in two modifications which 
differ in crystal form and habit and slightly in 
solubility, but are otherwise identical. The 
two forms are not interconvertible by solution in 
water, and may bo separated by fractional cry- 
stallisation from that solvent. Eiiher com- 
pound, dissolved in sulphuric acid and poured 
into water, gives the a-lorm. Neither appears 
to be an an -form or a stronger pwado-acid than 
the other since their solubilities in O lA-KOH 
are essentially the same, a- X itroguanidine is 
most conveniently prepared in 92% yield by 
adding j)ure guanidine nitrate, ground Ij) a 
uniform fineness, to 3 parts by weight of con- 
centrated sulphuric add cooled to below 0°. 
The reaction should not be prolonged for more 
than an hour, otherwise hydrolysis jiroceeds more 
rapidly than nitration (Smith, Sabetta and 
Sicinhach, Ind. Eng. Chem. 1931, 23, 1124). 
Davis (Organic Syntheses, 1927, 7, 68) describes 
a similar method giving a yield of 73%. It 
crvstallises from water in colourless needles 
resembling phthalic anhydride, ni.]). 246°, vary- 
ing with the rale of heating ; 100 c.c. ol water 
dissolve 0-271 g. at ]9-5°. It is slightly solublo 
in ethyl acetate, acetone, ethyl ah-ohol, methyl 
alcohol and jjyridine, but insoluble in benzene, 
toluene, chloroform, carbon tetrachloride, ether 
and carbon disulphide (Devergnes, Rev. CUnin. 
Ind. 1929, 88, 205; Amer. Chem. Abstr. 1930, 
24, 350). The heat of combustion at constant 
pressure is -f 210-3 kg. -cal. and the heat of for- 
mation from its elements is -f 22 kg. -cal 
(Matignon, Compt. rend. 1892, 244, 1432). /?- 
N itroguamdine is produced in variable amount, 
iiHiially accompanied by the a-forni, by nitration 
of guanifline sulphate (mixed with (N 144)3804) 
which results from the hydrolysis of dicyanodi- 
amide with sulphuric acid (Davjs, Ashdown and 
Conch, J, Amer. Chem, Soc. 1925, 47, 1063). 
The jS-forni rry.stalli8e8 from water in small thin 
elongated plates; for solubility curves of the 
two forms, see Davis, Ashdown and Conch, lx. 
For the ultra-violet absorptijin, see Riegel and 
Buehwald, ibid. 1929, 51, 484; ami for the 
explosion temperature (1,990°), see Miiraour and 
Aunis, Mem. Poudres, 1932, 25, 91. Nitro- 
guanicline is decomposed by concentrated sul- 
phuric acid, with a rapid evolution of nitrous 
oxide followed by a slower evolution of carbon 
dioxide and then by gases containing nitrogen. 
On long continued contact with water it decom- 
poses with evolution of ammonia. When 
digested with ammonium hydroxide, it is con- 
verted to guanidine and urea, and with am- 
monium carbonate a 90% yield of guanidine 
carbonate maf be obtained. Digestion at 60- 



148 


GUANIDINE. 


70" with mcthylamiiie givc*H methyl nitroguani- 
diiui, m.j). JGO O-IOU. Similarly the tihylnUro-, 
m.p. 147-148", hutylniiro-, ni.p. 84-85" arul 
benzylnitro‘ m.p. 183-185" derivatives may bo 
prepared. For other alkyl iiitro-derivativos, see 
Davis and Lure, ,1. Ainer. (3iem. Soc. 1927, 49, 
2303. Hcductioii of nitroguanidine leads to the 
formation of, firstly, iiitroHoguanidinc and then 
amin>)|ruanidine {v. infra). The reversible sys- 
tem int r()guaiiHl)n(\— nilioHo^imiiidine has been 
studied by Smith and S/ihetta {ibid. 1932, 64, 
1034) who give 088 a.s the normal oxidaiioii- 
r<‘diielion fjolf'ntial in aeifl solution. 3’he silver 
ilerivative CH 3 N 402 Ag is c‘(jlourlesa and 
alino.Ht in.sohilile in water , the nitrate is erystal- 
Iine and melts at 147"; the hydiathloride erystal- 
lises in jjlates or jirisms. 'I’wo qualitative tests 
may bii used for the identifieation of iiitro- 
giianidine (a- or jS-)- Nitroguanidine (0 01 g.) in 
cold water when treated witli 2 drop.s of saturated 
fernniH ammonium suljihate and J e.c. of &N- 
NaOH, allowed to stand 2 minutes and filtered, 
gives a fuehsin- coloured filtrate,, fading in about 
half an hour. For the sei ond test, nitroguani- 
dinc IS reduced with zinc, dust and 8% acetic 
acid and liltered. The aininoguanidine in the 
filtrate gives with CuSO^ solution an intensely 
blue solution, which, on boiling, evolves ga.s, 
and dejiosits metallic! copper ; it also reducc*.s 
silver acetate in acetic acid solution. 'The-se 
reactions are also given by nitrosoguanidiiie, 
but the nitro- and nitroso-coinpounds arc easily 
distinguished by tlieir physical ])ropertie.s. 

Nitrosoguanidine, ■hN:C(NH2)NHNO, 
may be obtiiined by reduction of nitroguaiiidino 
wdth zinc dust ancl sulphuric acid or with zinc 
and ammonium chloride solution (Sabetta, 
Himmolfarb and Smith, ibid. 1935, 57, 2478). 
For the catalytic hydrogenation of nitro- 
guiinidme to nitrosoguanidine in tlm jiresenee 
of Raney nickel, whiih may be jironioted with 
platinic chloride, scr Lielx'r and Smith, ibid. 
1935, 67, 2479; 1930, 68, 1417, 2170. lb forms 
yellow' needles which explode violently at 101", 
is soluble in alkalis and repreeipitated by carbon 
dioxide. 100 g. of Avater dissolve 01 54 g. at 20". 
The isoelectric point is at Pnl. It gives the 
Liebennann reaction, and alkaline solutions give 
a beautiful purple coloration with ferrous salts 
{cf. Nitroguanidine). The estimation of nitro- 
soguanidine may be carried out by titration 
with potassium ])ermanganate. For details of 
this and of other methods, see Sabetta, Himmcl- 
larb and Smith, l.c. Aqueous solutions evolve 
nitrogen on boiling, hut warming w'ith con- 
centrated hydrochloric acid gives nitric oxide 
(Davis and Abrams, IVoc. Amer. Acad. Arts 
Sci. 192(1, 61, 437). A cold acidified solution 
converts dimethylaniline and diphenylainine 
into their nifroso-derivatives. The silver salt, 
CHaON^Ag, IS a colourless explosive precipi- 
tate ; the copper salt, (CHgON AgCu, is reddish- 
brown and the nickel salt, (CH 30 N 4 ) 2 Ni, is 
vermilion red (Thiele, Annalen, 1893, 273, 133). 
According to Hantzsch, Sebumann and Englcr 
(Ber. 1899, 32, 675, 1703), nitrosoguanidine is a 
true nitrosamine and its constitution is repre- 
sented by the formula HN:C(NHg)NH NO, 
Bince it has a neutral reaction, yields mainly 
nitrous acid and not nitrogen wh^ decomposed 


by neids, and does not react with phosphorus 
pentachloridc or acetyl chloride. On the other 
hand, Whiteley (J.C.S. 1903, 83 , 31) and 
Tschugaeff (Ber. 1906, 39 , 3383) consider that 
the coloured metallic derivatives are salts of the 
tautomeric diazo-hydrato form 

HN;C(NH2)N;N0H. 

Nitroaminoguanidine, 

HjN NH C(:NH)NH-N02, 

is obtained by treating nitroguanidine with 
hydrazine sulijhate in aqueous ammonia. Its 
solubility in water at 20° is 0-34%, and at 70°, 
3%. It melts with explosion at about 190° and 
reduces potassium permanganate and diehro- 
mate, Nesslcr’s reagent, and ammoniacal AgNOs, 
and with Fehling'’H solution yields an explosive 
copper compound (Phillips and Williams, 
J. Amer. Chem. Soc. 1928, 60, 2465). Like 
other aminoguanidincs and hydrazines it readily 
forms dc^rivatives with aldehydes and kctoi\ps, 
e.g. formaldehyde nitrogiianylhydrazone, m.p. 
169°, and the derivative from acetone, m.p. 
164 165°; acetoacetic ester, m.p. 130-131”; 
henzaldch 3 'de, m.j). 188"; and sahcylaldehyde, 
m.p. 213°. The reaction takes place rapidly in 
.solution in w ater or aqueous methanol and the 
aldehydes or ketoni's may be recovered from the 
nitroguanvlhydrazones by hydrolysis witli 20% 
hydrochlorii acid (Stoermer, Aniialcii, 1900, 
312, 273; Whitmore, Revukas and Smith, J. 
Amer. Chem. Soc. 1935, 57, 706; Smith and 
Shoub, ibid. 1937, 59, 2077). With nickel salts 
and ammonium hydroxide, nitroamiiioguanicline 
gives Ni0[HN:C(NH N 02 )NH NH 2 J 2 which 
is insoluble in Avater (hot or cold) but gives an 
intensely blue alkaline solution. This reaction 
nm^' be used as a test for nitroaminoguanidine 
or for nickel. Reduction with zinc and acetic 
acid yields diuminoguaiiidine. 

Aminoguanidine, HN:C(NH2)NH-NH2, 
Avas first obtiiiued by Thiele by reduction of 
nitroguanidine with zinc dust in acetic acid at 
40° until a test portion developed no coloration 
with ferrous suljihate and alkali (Annalen, 1 892, 
270, 23). After filtering and evaporating excess 
of AcOH, a concentrated solution of am- 
monium bicarbonate is added in the cold, thus 
precipitating the bicarbonate of the base (G.P 
59241). Modifications of Thiele’s method have 
been described by Conard and Shriner (J. Amer. 
Chem. Soc. 1933, 65, 2867) and by Wyler (U.S.P. 
199051 J, 2123032). A 00% yield of amino- 
guanidine may be obtained b^' the reduction of 
nitroguanidine AAith sodium iii solution in liquid 
ammonia, provided that a sufficient concentra- 
tion of ammoiiium chloride is maintained (Fuller, 
Lieher and Smith, J. Amer. (^lem. Soc. 1937, 
59, 1160). A yield of 81% by electrolytic reduc- 
tion, A^'itli a tin cathode, of the nitro-compound 
suspended in dilute sulphuric acid is claimed by 
Boehringer und Sohne, G.P. 167637 ; but this 
has not been confirmed (laeber and Smith, 
Chem. Reviews, 1939, 25, 216, give a detailed 
summary of the chemistry of aminoguanidine). 
The catatytic hydrogenation of the nitro- 
compound w’as suggested by McGill (U.S.P. 
2033203) who used nickel on kieselguhr at tem- 
peratures betw'een 25° and 125° in the absence of 



GUANIDINE. 


149 


acid, but Lieber and Smith (J. Amer, Them. Soc. ' 
1936, 58, 2170) found the optimum concentra- 
tion of acid is relatively high. In neutral and 
basic media nitrosoguanidinc is the first product, 
but Thiele foimd that zinc dust and acetic acid 
also reduce the nitroso-compound to arnino- 
guanidine (Annalen, 1893, 273, 133). Amino- 
guanidme may also 1x5 prepared by refluxing an 
alcohohe solution of cyanamide and hydrazine 
sulphate or hydrochloride (Pellizzari et al.^ 
Gazzetta, 1894', 24, i, 450; 1914, 44. ii, 72). 
Previously Hofmann and Ehrhart (Ber. 191 1, 44, 
2713) had used calcium cyanamide. Improve- 
ments in this method duo to Pantl and Silber- 
mann (Annalen, 1928, 467, 283) enable yicld.s of 
90-96% of ammoguanidine to be obtained from 
disodium cyanamide. Equiiiiolocular propor- 
tions of nitrosoguanidme and hydrazine hydrate 
react readily, with evolution of nitrogen 
and water, to form aminoguanidinc (1'hicle, 
ibid. 1893, 273, 133). Aininoguanidine sulphate 
and its a-alkyl derivatives can be obtained in 
quantitative yield by treating S-alkyliso- 
thiourea sulphates Avith hydrazine hydrate 
(Heyn, F.P. 018064; S(‘heririg-Kahlbaum A.-G., 
G.P. 403570; Nmitli and Anzclrai, J. Amer. 
Chem. Soc. 1935, 57. 2730; Kirsten and Smith 
ibid. 1930, 58, 800). ajS-Diaryl-y-aminoguani- 
dines may be prepared from .^yw-diarylthioureas 
and hydrazine hydrate in alcoholic potassium 
hydroxide (Busch and Bauer, Ber. 1900, 33, 
1058). 

Aminoguanidiiio cannot bo prepared in the 
free state ; its salts when treated Avith an 
equivalent umoiint of barium or potassium 
hydroxide and evaporated in vacuo give reddish- 
violet prisms of fiym-diaminotetrazine Avhich 
results from the condensation of 2 mol. of amino- 
guanidine and oxidation of the diaminodihydro- 
tetrazine so formed : 

/NH— 

2CH,N, -V HgNC^ ,>CNHa 




an adaptation of the Jamieson method for 
hydrazine (“ Volumetric lodate Methods,” The 
ChcmicalCatalogCo.Inc.,New York, 1936, p. 36). 
The aminoguanidinc salt is allowed to react with 
dilute sulphuric acid and a known volume of 
standard potassium iodate, potassium iodide is 
then added and the excess of oxidising agent 
determined with thiosulphate. Aminoguanidino 
forms crystalline salts with mineral acids : 
aminoguanidinium chloride forms large prisms, 
m.j). 103°. The .sulphate, 

(CH«N,)aH5jSO,,H,0, 

crystallises in needles, ni.p. 207-208°; the 
bisidphate, CHgN^ HjSOj. in large plates, in.p. 
lOI"; with abaohito sulphuric acid, amino- 
guanidinti gives the [CN^HjoKHSO^)^ 

(Hantzsch, Ber. 1930, 63fBJ. 1782). T\w chhro- 
jdatinate is yellow and insoluble, m.p. 145-140" 
(dccomp.) (Thiele. Annalen, 1892, 270, 1). 
The picrate, CH^jN^ CgHjO^Nj, is precipitated 
in yellow needles from hot water. ( 'omplex salts 
of th(‘ type [ (CN^HylgCuKNOgljj are formed 
with copper and nic kel. In the case of the 
copper salt, the complex is a deep violet-blue in 
colour and is insoluble in Avater (Thiele, l.c. ; 
Smith, d.C.S. 1937, 1354). Aminoguanidino 

forms an addition i-omplex with thiourea (Atkins 
and Werner, ibid. 1912, 101, 1982) and with acid 
dyes it gives compounds insolubio in water 
(»Suida, Z. physiol. Chem. 1910, 68, 381). 

The oxidation of aminoguanidinium nitrate 
in dilute nitric acid Avifh KMn 04 gives a yellow 
substance, azodieai bamidinc, 

H2NC(:NH)N:N'C(NH)NHj. 

Avhieh on reduction gives the hydrazoidcar- 
bamidinc. With nitrons acid, ammoguanidine 
reacts in three modes, ilependmg on the con- 
ditions of reaction. In the presence of strong 
mineral acid, guanyl azide (N 3 C(:N H)N Hg) is 
formed ; in solution in iicetie acid the product is 
1 :3-dit.etrazolyitriazene, 


H.N >C NH, 




\r 


N 

II >C— NH— N^N 

N— NH/ 


,N N 

II 

^NH— N 


(Thiele, Annalen, 1892, 270, 1 ; cf. Pinner, ibid. 
1897, 297, 258, and Ponzio and Gastaldi, Gaz- 
zetta, 1913, 43, ii, 1929; 1914, 44, i, 267, 277). 
In boiling alkaline or acid solutions, ammoguani- 
dino IS hydrolysed, yielding first semicar bazido 
and finally ammonia, carbon dioxide and 
hydrazine (Thiele, Annalen, 1892, 270, 1 ; 
Curtins, Ber. 1896, 29, 759) ; if sodium carbonate 
is used for the hydrolysis, semicarbazidc can be 
obtained in good yield. For the toxicity and 
physiological effects of ammoguanidine, see 
Ganno, Arch. Farm, sperim. 1916, 22, 229; 
Alles, J. Pharmacol. 1920, 28, 251 ; Lettes, 
Arch. exp. Path. Pharm. 1924, 103, 109 ; Amer. 
Chem. Abstr. 1924, 18, 3224; Z. gcs. exp. Med. 
1924, 40, 52; QollAA'itzer-Moicr, Amer. Chem. 
Abstr. 1924, 18, 3426 ; and Nielsen and Wid- 
mark, Upsala Lkkarefor. Forh. 1927, [ii], 83, 
327 ; Amer. Chem. Abstr. 1929, 23, 4973. 

The determination of aminoguanidine may be 
made by a volumetric method which is essentially 


which results from the iiitf5r mediate, production 
of 5-nminotetrazole, 

/.N N 

II 

^NH— N 

half of which is diazotised and coupled with the 
reinamdcr (Hofmann a,nd Hock, Ber. 1910, 48, 
1866). If an aqueous solution of sodium nitrite 
and aminoguanidine nitrate is allowed to stand 
0-7 days at 0-10°, the product is a white crystal- 
line substance, l-guanyl-4-nitrosoaminoguanyl- 
wotetrazene, 

Hj,N C(:NH)NH NH N:N C(:NH)NH NH NO, 

which forms readily hydrolysable salts many of 
which are extremely explosive. For details, 
^ee the review by Lieber and Smith (l.c.). 
Aminoguanidino and its derivatives containing 
the group — Nrl ■ N H j are substituted hydrazines 
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and OH Much readily form condensation products 
with aldebydoM and ketones. The products are 
usually well- characterised cr>'sfcalline compounds 
forrain(? (Tystallme salts with acids (Thiolo, 
Annalen, 1892, 270, 1 ; Thiele and Bihan, ibid. 
1898, 302, 299). For the condensation products 
with aldehyde, chloialdehyde and chloral, see 
Thiele and'Dralle (ibid. 1898, 302, 278); with 
nronmtic aldcdiydcs and ketones, see Thiele (lx.), 
Thiele ami Bihan (l.r .) ; and Wedekind (Ber. 
1897, 30, 444); with sugars, see Wolff {ibid. 
1895, 28, 2(1 l;i); with quinoiicH, see Thiele and 
Barlow (Aniialen, 1898, 302, 311); with a 
iiiiinher of (.('rpenes, see Baeyer (Ber. 1894, 27, 
1919); with pyruvic acid, see Wedekind and 
BronHt(‘in (Aiinalen, 1899, 307, 297); with 
glyoxylic a('id, diacetyl, acetylacetone and 
ucetoriyla* clone, see Thiele and Dralle (he.), 
and Doebm'r and Gartner {ibtd. 1910, 315, 1). 
With ^-dikclones and ^-kelonic esters, pyrazolo 
and ])yrazolone derivatives are formed (i)o and 
Kakshit, .1. Indian ('hern. Soc. 193(), 13, 509; 
rf acetylacetone) while aromatic a-diketones 
giv(‘ aminotriazines (I)e, ()uart. ,1. Indian Chem. 
Soc. 1927, 4, 189). Tnaryhiminoguanidines 

condense with formic acid directly or with higher 
alipliatie aiuds in the prcHcnce of phosphorus 
trichloride to give endoiminotriazolcs of which 


PhN- 


NPh 


-N 




NPh 


hafl been applied to the gravimetric determina- 
tion of nitric acid (Heck el al.. Analyst, 1934, 59. 
18) (v. V'ol, 11, 59Hr). 

Diarninoguanidme, HN:C(NH*NH 2 )a. does 
not exist in the free state ; the hydrobromide or 
hydrochloride is fornual hy tin; action of cyanogen 
bromide or chloride (I mol.) on hydrazine (2 
mol.) in ethereal or aqueous solution (Stolle, 
J. pr. (!hem. 1907, [li], 76, 423; StoUc and 
Hofmann, Ber. 1904, 37, 4524 ; Vcllizzari and 
(-antoni, Gazzetta, 1905, 35, i, 291 ; IVllizzari 
and B.e])etto, ibid. 1907, 37, ii, 319; improved 
hy Follizzari and Gaiter, ibid. 1914, 44, ii, 
72). A third method of preparation is by 
the reduction of nitroaminoguanidine with zinc 
dust and acetic acid (Thillips and Williams, 
J. Amor. Chem. Soc. 1928, 60, 2465). Diamino- 
{fuanidinium bromide erystalliBes in plates, m.p. 
167''; the chloride has m.p. 185°; the nitrate, 
m.p. 143°; the picrate, CH^Nj-CgHgOyNo, 
m.p. 191° ; the platinocMoride, ra.p. 172-173 . 
All the salts reduce Fehling’s solution and am- 
moniacal silver nitrate solution. Dibcnznyldia- 
minoguanidine, N H:C(NH-NH-CO*CflH 5 )j, 
m.p. 210-211° (Pellizzari and Cantoni, l.c.; 
Pellizzari and Gaiter, l.c.; Gaiter, Gazzetta, 
1915, 46, i, 450). 

T riamlnoguanidine, NH 2 N:C(NH NHa)-, 
does not exist in the free state ; its hydrochloricfe 
w'as first obtained by Stoll6 (Ber. 1904, 37, 3548) 
by the action of hydrazine hydrate on boiling 
carbon tetrachloride. It may be obtained by 
Jieating hydrazine hydrate with concentrated 
solutions of the salts of guanidin|, aminoguani- 
dine or diaminoguanidine or substances which 


yield them on treatment with hydrazine hydrate, 
e.g. S-alkyh>othiourea8(PellizzariandGaiter,/.c. ; 
Schotte, G.P. 501389; Amer. Chem. Abstr. 1930, 
24,4524). Dichloroforraoxime, ClgC.NOH, in 
ethereal solution reacts with an ether emulsion 
of hydrazine hydrate to give triaminoguanidme 
hydrochloride (Prandtl and Dollfus, Ber. 1932, 65 
[B], 754). The hydrochloride has m.p. 238-5° ; thio~ 
cyanate, m.p. 136°; picrale, CHgNj CjHgO^Ng, 
m.p. 171°. 

Dihydroxyguanidine Hydrobromide, 


HN:C(NH 0H)2 HBr, 

is formed by the interaction of cyanogen 
bromide and hydroxylamine in methyl alcohol 
and ether at --20°; it forms colourless needles 
that decompose at 95° ; alkalis convert it to the 
deep red dihydroxy derivative, 

HjN-C(:NOH)N:N-C(:NOH)NH5„ 

of azodicarbamidine ; see aminoguanidine. 

GUAN \ NE f 2-a7}iino4^-OTypurine, C^HgONg 


.NH CO C NH 

” :i 

Xn C-N 




8>CH 


w'as discovered by Unger in guano in 1844 
(Aniialcn, 1846, 51, 395 ; 58, 18; 59, 58), and 
although lloppc-Scylcr failed to find it m the 
excrement of fowls and geese, Haeter obtained 
it from the excrement of a heron {Arden ciuerea) 
fed on liKh and llesh (Med. (3ieiii. Untersuch. 
1871, 582); Will and Gorup-Besanez found it 
in the oxerement of a spider, in the organ of 
Bojanus of the iimssel, and in the green gland 
of the crayfish {rf Wcinhind, Z. Biol. 1889, 25, 
390) ; ami Pccilc found 0 ()()68 g. of guanine per 
litre in the urine of a pig fcrl on bran, and in an 
unhealthy gouty condition (Aimalcn, 1870, 183, 
141). In addition to its occurrence among the 
exciTtory produetH of animals, guanine is 
fairly widely distributed throughout the tissues ; 
thus it is found in the liver (vSmorodinzeff, Z. 
physiol. (>hein. 1912, 80, 231 ; m muscle (Ben- 
nett, J. Biol. Chem. 1912, 11, 221 ) ; and it occurs, 
together with hypoxanthine, in the protamine 
from salmon roe, forming 6-8% of the ripe 
organ (Piccard, Ber. 1874, 7, 1714); it occurs 
in the pancreas, sjileen, liver and muscle of 
the ox, in quantities varying from 0-020 to 
0-846% (Braginsky, Z. physiol. Chem. 1883, 

8 , 395 ; Kossel, ibid. 404 ; Schindler, ibid. 
1889, 13, 432) ; and it is found in the skin of 
fishes (Ewald and Kruckenberg, Chem. Zentr. 
1883, 706 ; sex Heller, Intern. Z. Biol. 1917, 3, 
106, for possible connection between biolumine- 
scence and guanine). Guanine is widely spread 
throughout the vegetable kingdom, Schiitzen- 
berger found it, together with other purine bases, 
in yeast extract (Compt. rend. 1874, 78, 493 ; 
Chem. Zentr. 1877, 73) ; Drummond and Funk 
in rice polishings (Biochem. J. 1914, 8 , 598). 
Sohulze and Bosshard isolated it, together with 
hypoxanthine and xanthine, from young potato 
tu^rs, sugar beet, leaf buds of plane and maple, 
bark of plane, from lupins, red clover, vetch, 
young grass and oats (Z. physiol. Chem. 1884, 

9, 420). It has been found in the soya-bean 
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(Saeaki, J. Agric. Chem. Soc. Japan, 1932, 8 , 
417) and in the potato (Yoshimura, Biochem. J. 
1934, 274, 408). E. von Lippmann obtained it 
from beet juice (Ber. 1896, 29, 2645) ; molasses 
residues boiled with copper sulphate and sodium 
hydroxide yield about 0 04% guanine pentoside, 

C5H,0,C5H^0N5.2Ha0. 

(Andrllk, Z. Ziickorind. Bdhin. 1911, 35, 437). 
This is identical with thi' guanoaine obtained 
from nucleic acid (Levene and Jacobs, Ber. 
1909, 42, 2474; Biochem. Z. 1910, 28, 127); 
and with vernin^ (guaninc-J-ribose), [ajj” 
(Schulze and Trier, Z. physiol. Chem. 1911-12, 
76, 146; Smolonski, Chem. Zentr. 1912, II, 
769). According to Levene and Mandel (Bio- 
chem. Z. 1908, 10, 215; also .lonea and 
Bichards, J. Ibol. Chem. 1915, 20, 25), guanine 
IS one of the cleavage products of nucleic acid, 
when the hydrolysis is clTected by acetic add in 
the presence of lead acetate at 160^’ ; c/. Levene 
and Jacobs (J. Biol. Chem. 1912, 12, 377) ; 
Scaffidi (Biochem. Z. 1912, 47, 215). Guanine nu- 
cleotide, CioHi 40 f,N 5 P, 2 HaO, has [alj;-13-6“ 
in w'ater and —48 5“ in 6% NH^OH solution 
(Buell and Perkins, J. Biol. Chem. 1927, 72, 21). 
it IS found among the products of steam-heated 
soils (Lathrop, J. Amer. Chem. Soc. 1912, 34, 
1260). 

Guanine exists in guano partly as the calcium 
compound, partly in substances like nuclein ; 
from these it is liberated by boiling for 4 hours 
with dilute sulphuric acid, the liipiid is cooled 
and filtered, and the filtrate made alkaline with 
sodium hydroxide and again filtered. The 
gnanino and uric acid arc precipitated in the 
filtrate by the addition of ammoniacal silver 
solution, the precipitate washed with eold and 
hot water and then ilccomposcd by hot dilute 
hydrochloric acid, the silver chloride filtered 
off, the filtrate decolorised with animal cliarijoal 
and the guanine precipitated by ammonia, a 
Niniill quantity of urea in hot nitric acid is 
added, and the mixture set aside to ciystalliHC. 
The guanine nitrate, now free from une acid, is 
dissolved m dilute sodium hydroxide and the 
guanine precipitated by the addition of ain- 
moniuni chloride, this last operation removing 
the xanthine (Wulft, Z. physiol. Chem. 1893, 
17, 468). It may be precipitated as the phos- 
photungstiite — fur the solubility of this in a 
mixture of acetone and water, see Wechsler (Z. 
physiol. Chem. 1911, 73, 141). 

Fischer (Ber. 1897, 30, 659) has shown that 
guanine is 2-amino-6-oxypurino from the fact 
that irniuo-ili-uric acid, 

.NHCO. 

HN:C< >CHNHC0NH2 

^NH CQ/ 


obtained synthetically by Traube (Ber. 1893, 
26, 2551) from guanidine and ethylmalonate, 
yields, on treatment with hydrochloric acid 
(sp.gr. 1‘19), at 120°, the same 2-a7nino-6:S- 
dioxypurine. 


/NH CO C NH. 
NH,C/ II )C0 

CNH^ 


as is obtained from bromogvanine, CgNsH^BrO 
(Fischer and Reese, Annalen, 1883, 2X2, 342) 
by the action of hydrochloric acid at 130°. 
Further, a synthetic guanine, identical in every 
way with the natural product, is obtained when 
Q-oxy-2:fi-dichhropurine is heated with alcoholic 
ammonia, and the resulting chloroguajiine 
reduced by me^ns of hydriodic acid (Fischer, 
Ber. 1897, 30, 2226). The synthetic produc- 
tion of guanine has also been effected by Traube 
{ibid. 1900, 33, 1371) from 2:4-dmrm?m-6- 
hydroxypyri m idine, 

^N=C OH 
H,N.C '^CH 
^N— C-NH, 

obtained by the condensation of guanidine and 
ethyl cyanoacetate in the presence of sodium 
ethoxide. The nitroso derivative of this com- 
pound yields, on reduction with ammonium 
sulphide, 2A:b-triaminO'(iS-hydroxypyTimidine, 
which, w hen heated Avith an e((uivalont amount 
of sodium formate and 8-10 times its weight of 
anhydrous formic acid, is converted into guanine. 
A similar synthetic production of guanine from 
2 - cyanamino - 4 - amino - 6 - hydroxi/pyrtmidine, 
obtained by the condensation of clicyaiiodia- 
inido and ethyl cyanoacetate in the presence of 
sodium ethoxide, forms the subject of certain 
patents of Merck (O.P. 158591/1903, 1()2336/ 
1904). 

Guanine is an amorphous powder, insoluble 
in water, alcohol or other, but soluble iri 
acids or alkalis, forming salts of a di-acid base, 
or dibasic acid respectively. It can be obtained 
in the form of small rhombic crystals when the 
freshly precipitated compound is dissolved in a 
large excess of ammonia at 30-35°, and the 
filtered solution allowed to evaporate slowly 
(Drechsel, J. pr. Chem. 1881, (li), 24, 44); or 
in crystals rescmblmg those of creatinine zinc 
chloride, when a warm dilute alkaline solution 
(J:20U0) is mixed with about one-third its 
volume of alcohol, acidified w'ith acetic acid and 
allowed to cool (Horbaezewski, Z. physiol, 
Chem. 1897, 23, 226). 

The administration of guanine as food to 
rabbits produces neither increase in purine 
excretion nor pathological changes in the 
kidney ; but subcutaneous or intravenous injec- 
tions of guanine dissolved in l austic soda, causes 
a great increase of purine substances, especially 
uric acid, in the urine (Sehittenhelm, Chem. 
Zentr. 1902, 1, 1306 ; Bchittenhelm and Bondix, 
Z. physiol. Chem. 1905, 43, 365 ; Ewald, Z. exp. 
Path. u. Ther. 1900, 2, 348), and diminishes 
the arterial blood pressure (Dosgrez and Dor- 
16anB, Compt. rend. 1912, 154, 1109; Benelli, 
Arch. Farm, sperim. 1914, 17, 193-215) ; seeaUo 
Desgrez and Dorleans (Compt. rend. 1913, 167, 
946) - for the effect of injection of guanine 
previous to similar injection of adrenaline. 

Guanine is converted to the extent of 60-70% 
into xanthine when heated with excess of 26% 
hydrochloric acid for 32 hours (Fischer, Ber. 
1910, 43 , 806), and undergoes profound decom- 
position, yielding ammonia, carbon dioxide, 
formic acid #Jid glycocoll on prolonged treat- 
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merit with concentrated hydrochloric acid at 
180-2W (Wulff, Z. physiol. Chera. 1893, 17 , 
408). A raicTo-organisra belonging to the class 
of coccus bacteria and found in the excrement of 
pigeons, dourishes m a culture containing 
guanine, which is decomposed into urea, 
guanidine and carbon dioxide (Ulpiani and 
Cingolani, Atti. K. Accad. Lincci, 1905, [v], 14 , ii, 
696) ; II is assimilated by a number of moulds as 
a source of nitrogen and carbon (Kossowicz, 
Chem. Zenfr. 1913, 1, 1297). 

The following dciivativcs of guanine have 
been described : 

Salts. — (1) Ift/Zi the ftodium^ 

C6H30N,Na2.4Ha0; 

barium, CgHgN^OBa; and copper, 

CUgO and CgH^NgO CuO, 

derivatives. (2) With acids, the hydrochloride, 
CgHgNgO'HCl.HgO, forms double salts with 
zinc, cadmium, mercury, or platiruc chloride; 
hydrobrorn ide, C5HgN50 HBr,2jH20; hydr io- 
dide, CgH^NgO-H l,2J HgO, lorms a double salt 
with bismuth iodide ; nitrates, 

CaHfiN.O HN0,.UH„0; 

C,H,N,0 2HN63.2H20; 
3C,H5 Nb 0-4HN03.4H20; and 
SCgHsN.O-SHNOg.SiHgO, 

sulphate, (C5H5N50)2H2S04,2H20 ; oxalate, 

; tartrate, 

3C,H3N,0 2C4H,0e: 

dichromatc, C^jH^NgO-HgCrjO, ; picrate, 

CfiHgNgO CgH3N307,H20 ; 

pkrolomite, C6H5lN60'2CioHg05N4 ; fern- 
cyanide, (C5H5N50)4H3Fe(CN)g,6Hg0; ni- 
trojyrusside, 

(C,H,N,0)2H2Fe(CN),N0,1^H20 ; 

metaphosphite, CgHgNjOHPOa.J'HoO. 

(3) Double salts, with mercuric chloride, 

CfiH,Ng0HgCl2,2iH20; 

silver nitrate, CgHjNgO AgNOg. the picrate 
of the silver salt, 

CfiH^AgNgO C*H3N307,1iHg0. 

is insoluble in cold water ; {cf. Unger, l.c. ; 
Streckor, Aimalen, 1861, 118 , 152 ; Balke, J. pr. 
Chem. 1893, [iij, 47 , 639 ; Neubaucr and Kerner, 
Annalen, 1857, 108 , 268; Wulflf, Z. physiol. 
Chem. 1893, 17 , 468; J.«vene, Biochem. Z. 
1907, 4 , 320). Ouaninc-d-glucoside, 

C,H,N.O C.H„0„ 

m.p. 298* (corr.) (Fischer and Helferich, Ber. 
1914, 47 . 210). 

Alkyl Derivatives. — l-Meihylguanine forms 
ft heavy colourless, eiystalline powder which 


chars without melting (Traube and Dudley, Ber. 
1913, 46 , 3839). l-Methylguanine crystallises 
ill slender, colourless needles which decompose 
at about 390". \:1 -Dimethylguanine crystallises 
with water of crystallisation, becomes anhy- 
drous at 100" and melts at 343-345" (corr.) ; 
1:7 -dimethylguanine methiodide. crystallises in 
large colourless plates, m.p. 330-333°. Trimethyl- 
guanine methiodide crystallises in colourless, 
slender needles, m.p. 295-300° (decomp.) 
(Fisclier, Ber. 1897, 30 , 24(K) ; Traube and 
Dudley, lx.). 

Acyl Derivatives. — Acetylguanine, 

C,H,N,0(C,H,0), 

IS crystalline, sparingly soluble in w^atcr, alcohol 
or ether, and may be boated at 260° without 
change. Propiomjlguanine, C5H40N5(C3H30), 
is crvstHlline, and remains unchanged when 
heated at 260". Benzoylguanine, 

C.H^ONgiC^HgO), 

is also crystalline (WiilfF, l.c.). 

Azo Derivatives. — (luannic and other purmo 
bases that aic not substituted in position 7 
react with diiizolicnzonesulphonic acid to form 
coloured azo com])ounds, in which the -N-.NR 
group IS attachecl to carbon atom 8, Giianino 
and p-dichloi’odiazol)cnzcno chloride yield a 
dark red dye, winch forms 8-aminoguaiiinc when 
reduced. The amino compound does not itself 
coujile with diazo (ompounds, but can be 
diazotiHcd at 40°, and then yields a violet dye 
with an alkaline solution of R salt (Burian, Ber. 
1004, 37, 696, 70H ; Hans Fischer, Z. phsyiol. 
Chem. 1909, 60 , 69). This reaction has been 
applied by Amatore de (iincomo (Z. wiss. 
Mikroscop. 1910, 27, 257) to a micro-chcmical 
method for demonstrating the presence of 
guanine in the nuinl Bystem of birds. 

Bromoguanine, C5H4N50Br, is a white 
crystalline powder, almost insoluble in water, 
alcoliol or ether. It forms crystalline salts w^ith 
acids, e.g. C5H4N50Br,HCi, and also unites 
with lead or silver to form crystalline com- 
pounds w'Jiich, when heated with methyl iodide 
at 100°, yield bro mo caffeine. Nitrous acid 
converts bromoguanine into bromoxaiithino 
(Fischer and Reese, Annalen, 1883, 221, 336). 

Deoxyguanine, 

^NH CHj C NH 

II ^CH 

C-n" 

is obtained when guanine is elcctrolytically re- 
duced in 60% sulphuric acid solution ; it cry- 
staUises in microscopic needles, melts and 
decomposes at 204° and ' has strongly basic 
properties, combining with atmospheric carbon 
dioxide. It is oxidised by bromine to 2-amino- 
purine, 

^N:CHCNH 

H,NC II ^CH 
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a crystaUine base more readily soluble than its | 
isomcride, adenine. 

Guanine-Mononucleotide, Guanylic Acid, ' 
has been obtained from yeast- nucleic acid as a 
white amoqjhous powder, -2-4®. Its 

brucine salt, 

CioHi.O.NjP 2(C„H„0,N,),7H,0, 

has m.p. 203° (Read, J. Biol. Chcni. 1917, 31, 
47 ; Jones and Read, ibid. 337 ; Foulgen, Z. 
physiol. Chem. 1919, 106, 249; ibid. 1920, 108, 
147 ; ibid. 1920, 111, 257). T.i©venc has obtained 
the crystalline acid, CjoHi40^N5P,2H20, from 
the brucine salt, this has 7-5° in aqueous 

solution; it yields the brucine salt, 

CfioHfleOioNgPJHaO, 

m.p. 233°, [a]^^~26 0° in 35% alcohol (J. Biol 
Chem. 1919, 40, 171 ; 1920, 41, 453). 

Tests. — Warm dilute solutions of guanine 
hydrochloride give with a saturated solution of 
picric acid an insoluble orangc-red crystalline 
precipitate ; xanthine and h3^poxaiithino give 
a similar reaction in v(*ry concentrated solutions 
only (S. Capranu-H, Z. physiol. Chem. 1880, 4, 
233). It can be detected in animal tissue by 
treating it with a solution of diazobcnzenesul- 
phonic acid (sensitive to guanine) when, on 
addition of sodium hydroxide (after about 10 
minutes), a red colour appears (do Giacomo, 
Z. wisH. Mikroskop, 1910, 27, 257). 

When guanine nitrate solution is evaporatt‘d 
it leaves a yellow residue, soluble in potassium 
hydroxide with a yellow coloration. On 
evaporating the yellow solution to dryness, 
it affords first a purple, then a violet coloration, 
and on exposure to air the original colour returns 
(Briicke, Monatsh. 1880, 7, 617). 

Estimation. — The formation of the insoluble 
picrate has been recommended by Wiilff (Z. 
physiol. Chem. 1893, 17, 468) for the estimation 
of guanine. jSee also Hoppe-Seyler and Schmidt, 
ibid. 1928, 176, 304; Von Cordier, Monatsh. 
1923, 43, 525 ; Grynberg, Biochem. Z. 1932, 253, 
143; Engel, Z. physiol. Chem. 1932, 208, 227. 
GUANO {v. Vol. V, 63c). 

GUANOSIN DEAMIDASE {v. Vol. IV, 
315flr). 

GUANOSIN E (v. this Vol., p. 896). 
GUANYLIC ACID (v. this Vol., p. 153a). 
GUANYLNITROSOAMINOGUANYL- 
TETRACENE {v. Vol. IV, 642d). 

GUAR A, Cascalotte. The ground fruits of a 
variety of -livi of South and Central America. 
The material contains 43-48% of tannins and is 
used as a tanning agent (Callan, J.S.C.I. 1915, 
34. 645). 

GUARANA. Guarana is a dried paste 
prepared from the seeds of Paullinia Cuparui 
H.B. and K., a climbing shrub inhabiting thi 
southern and western provinces of Brazil and 
South Venezuela. Generally the ground or 
powdered seeds are moistened and kneaded into 
a paste, made into cylindrical or globular masses 
and dried before fires, in chimneys or by the 
heat of the sun. They are usually found in 
commerce in cylindrical form, 1-2 in. thick 


and 5-10 in. long, with a rough, reddish-brown 
exterior and somewhat lighter colour inside. 
They have a chocolate -like odour and a bitter 
astringent taste. In South America guarana 
is an article of food used much in the same 
manner as we employ cocoa, and in European 
medicine it is administered as a nervous stimu- 
lant for the relief of certain kinds of headache, 
b^or further details as to its source, pi*eparation 
and uses, see (yooke (Vharm. J. 1871, [iiij, 1, 
21); Hallawell {ibid. 1873, [iiiJ, 3, 773)); 
wSquibb {ibid. 1884-1885, [in], 15, 165); Rushy 
{ibid. 1887-1888, [iii], 18, 1050); and Marsdeii 
(Ann. Trop. Mod. 1898, 4, 105). 

The physiological activity of guarana de- 
pends upon the presen' c of caffeine {<l-v.). 
Of known drugs it is the richest in caffeine. 
For methods of extraction, .9ce Greene (Fharm. J. 
1878, [liij, 8, 87) who extracted a mixture of 
guarana and 3 times its weight of litharge with 
boiling water; C. J. Williams ((3iem. News, 
1872, 26, 97) who exhausted a moistened and 
sloA^ly dried mixture of guarana and hydrate of 
lime with CgHg ; Squibb (1‘harm. J. 1885, [iii], 
15, 165) and Bochefontain and Gusset (f3i. Tech. 
C. Aiizeigcr, 1886, 4, 322) wh(^ treated a mixture 
of guarana and magnesia with weak alcohol and 
CHCI3 successively. For estimation of caffeine 
in guarana, see Kromel (Pharm. Rost, 1888, 
21, 101). The following percentages of caffeine 
are selected from published anulysos of guarana ; 

10, 6-04 (Stenhouso) ; 5 05 (Greene); 4 20- 
500 (5 samples, Feemster, Pharm. J. 1883, 
in], 13, 363); 4-5 (B. and Gusset); 3-12 and 
3-80 (Kromel) ; 3-4-3-7 (Ugarte, J. Pharm. (Jhim. 
1921, jvii], 24, 387). Thoms (Pharm. Zentralh. 

1 890, 31, 533), however, states that the proportion 
if caffeine m guarana has been overestimated 
and this has been confirmed by Kirmsso (Arch. 
Pliann. 1898, 236, 122), who found in 3 samfilcs 
2-68, 2-97 and 3-10%, respectively. For esti- 
mation of caffeine in guarana by an iiKlometnc 
method, see Jennstad and Ostby, Amer. C!hem. 
Ab.str. 1933, 27, 5146. For micro-sublimation 
of caffeine from guarana, see Kutiak, Amer. 
Chem. Abstr. 1935,29,291. 

Besides cafl’eine, guarana contains gum, starch, 
an acrid green fixed oil, a more or Jess solid 
volatile oil, and tannin (Fournier, J. Pharm. 
Chim. 1861, [iii], 39, 291). The tannin further 
examined by Greene (Pharm. J. 1878, [iii], 8, 
328) was found to behave towards reagents un- 
like previously known varieties, and the term 
pauUitannic acid was therefore applied to it. 
It forms a yellowish-white amorphous mass, 
having an astringent taste. It is easily soluble 
in HjO or EtOH. By the extraction of the 
crude tannin with Et^O, crystals are obtained 
identical with those of the catechin of Pegu 
catechu (Kirmsse, l.c.). Kremel {l.c.) found 
I ‘3-2-0% of ash consisting chiefly of phosphates. 

A specimen of guarana examined by Nieren- 
stein, probably derived from Paullinia trigonia 
Veil., was found to contain an alkaloid, 
guaranino, C4 qH 470 «iN 4 (?). Tliis work was 
repeated by Bertrand and Cameiro (Bull. Soc. 
chim., 1931, [iv], 49, 1093, where references 
can be found), but the above results could not 
be confirmed. 

G. B. 
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G U ATAN N I N , guaiacol-tanno-cinnamate 
(G.P. 133299). 

GUAVA is tho fruit of Psidium gtuijava L., 
a small tropical tree or shrub f?rown largely in 
CJcntral and South Amenra. The fruit is eaten 
raw or may be preserved, or converted into the 
famous guava jelly. Other subspecies of guava 
include : 

P. caUkiamun Ndz., the strawberry guava 
of Brazil having round purplish fruit; 

P. fnedrichsthalianuni Ndz., the yellow Costa 
Kican variety ; 

P. wolk Jlertol. or guisaro, a smaller -fruited 
Mexican varit'ty ; and 

P. guintfnHfi Sw., or P. ara^ Kaddi, the 
Brazilian guava with greenish - yellow 
fruit. 


Thomson (Hawaii Agric. Exp. Sta. Kept. 1914, 
62) gives the following analysis : 



Common 

guava. 

Strawberry 

guava. 

Solids 

17-.32 

20-72 

Protein 

1-39 

1-44 

Fat 

0-43 

0-59 

Acid (as citric) 

0-51 

1-23 

Reducing sugars . 

6-04 

2-79 

Sucrose 

1-28 

3-91 

Fibre 

4-66 

6-46 

Ash 

0-62 

0-71 


Later records by C. D. Miller (Hawaii Agric. 
Exp. Sta. Bull. 1937, No. 77) include the follow- 
ing percentage composition : 



Wjitcr 

Protein. 

Ether 

extract 

Ciiulc 

Uhre. 

Carbo- 

hydrate. 

Ash 

Acid (as 
citrie). 

Ca. 

P. 

Fe. 

Co mill on guava, 
wdiole . 

81*8 

0 7 

0-2 

7-0 

9*8 

0*5 

1-37 

0*010 

0-022 

0*0015 

Lommoii guavu, 
seed removed. 

84-9 

0 3 



2-3 

11-9 ' 

0-5 

— 

0-015 

0-016 

0*0003 

Common guava, 
juice . 

93-9 

0 1 





5-7 

0-3 

0 88 

0-006 

0006 

0-0001 

S t r a w’ berry , 
guava, whole . 

81-7 

0 5 

0-4 

6-1 

10-7 

0-6 

102 

0-034 

0-020 

0-0(X)3 


Miller and Bobbins (Hawaii Agric. Exp. Sta. 
Kept. 1933. 25) report f he vitamin C content 
of guava juice to be aiiproximately half that of 
orange juice. 

(Juava seeds have tho (ollowiiig ptsreentago 
composition (Azadian, Philippine Agric. 192.5, 
14. 57) : 

Pro- (flu- 

Water, tfiii- Fat 'raiiuiii cowc. Starch. Fibre. Ash. 
10*30 15-25 14 30 1 38 0 10 13 25 42-40 3 0 


Solvent-ox traeted oil from tho seeds is 
recorded by the same investigator to have the 
charaetorisiioH : 




“-n 

Saponification value 
Iodine value 
Reichert-Meissl valuer 
Polenske value . 

Acid value 
V’^olatile oil . 


0-8243 

1*4632 


197-1 

1311 

0-26 

0-25 

0-55 

0-25o/„ 


The following values for the seed oil from Iiidiaii- 
grown fruit {Psidium guajava pyriferum) are 
recorded by V^arma, Godbole and Srivastava 
(Fettchcm.-Umsehau, 1936, 43, 8-9) : 




0-9365 



1*4687 

Saponification value 

. 198*7 

Iodine value 

96*4 

Reichert-Meissl value . 

0-35 

Polenske value . 

. 0*1 

Acid value . . . , 

6*4 

Unsaponifiable . 

. .0*68% 


Of the fatty acids of the oil 16% are saturated 
(average molecular wt. 271), and the unsalurated 
acids (84%) include oleic 55-8, linoleic 27-8 and 
linoloiiic aend 0-4%. 

A. G. Po. 

GUDMUNDITE. Siilphan timonide of iron, 
FeSbS, occurring as small silver- white to steel- 
grey crystals embedded in caleite. The ortho- 
rhombic crystals are isomorphous with mis- 
piekel, FeAsS, and tho two minerals, very 
similar in appearance, are associated together in 
lead and zinc ore at Gudmundstrop near Sala, 
Sweden. Analysis gave S 15*47, Sb 57-31, 
Fe 26-79, Ni trace, total 99-57 (K.. Johansson, 
Z. Krist. 1928, 68, 87). 

L. J. S. 

GUEJARITE (v. Vol. II, 518a). 

GUHR {v. Vol. IV, 2396). 

GUIGNET’S GREEN (y. Vol. Ill, 1076). 

GULAMAN DAG AT. A seaweed of the 
genus Graeilaria (Philippine Islands) furnishing 
agar-agar (q.v.). 

GUM BENJAMIN («;. Vol. I. 615a). 

GUM FORMATION IN COAL GAS 

{v. Vol. V, 468). 

G U M M I T E . An amorphous hydrated 
uranium oxide (UO3 61-75%) with some lead, 
calcium, silica, etc. It occurs as an alteration 
product of uraninite (pitchblende), and forms 
yellow to reddish-brown gum-like masses, some- 
times enclosing a nucleus of the unaltered parent 
mineral, and at times showing the external form 
of the original crystal. It is found together with 
other secondary uranium minerals at Johann- 
georgenstadt, Schneeberg, and Annaberg in 
Saxony, in the Elias mine (eliaaite) at Joaohims- 
thal in Bohemia, and rather abundantly in the 
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Flat Rock and Deake mines in Mitchell Co., 
North Carolina. A gummite from Kambove, 
Belgian Congo, is a colloidal form of curite (q.v.) 
(A. Schoep, Bull. Soc. beige. Geol. 1937; 46, 309). 

Related minerals are : thorogummit^., 

U03-3Th0j-3Si0a 6HjO 

from Llano Co., Texas ; piWaritCf 

UOg ThOj PbO 2Si02-4H,0 

from Pilbara, Western Australia; and i/ttro- 
gummite, an alteration product of cleveite {q.i\) 
from Norway. 

L. J. vS. 

GUMS. It is almost impossible to give an 
accurate chemical definition of a gum. At one 
time the gums were considered to be carbo- 
hydrates, but it is not correct to say more than 
that these plant substances arc closely related 
to the carbohydrates. The word “ gum ” is, 
in commerce, frequently applied incorrectly to a 
resin ; for example, the so-called “ varnish 
gums ” are all true reams, and have no chemical 
relationship with the gums. 

JMost of the gums of commerce are spon- 
taneous exudations from plants, although some 
may bo extracted from a plant, using water as 
the solvent. They may bo regarded as com- 
binations of metals, principally potassium, cal- 
cium and magnesium, with complex organic 
acids formed by the union of various sugars or 
allied bodies with hexose iironic acids. 

Natural gums are characterised by either 
being soluble in water or having the power of 
absorbing a large quantity of water to form a 
ghi tin oils mucilage. They arc precipitated from 
such “ solutions ” by comparatively small 
amounts of alcohol. 8uch mucilages, when the 
water is allowed to evaporate, leave the gum 
with considerable adhesive properties and it is 
this property which is generally associated with 
the term gum. 

In the case of the better known gums, such as 
gum arabic, it may be taken that one end of the 
molecular chain consists of the residual group 
d-gl neuronic or d-galacturonic acid, its carboxyl 
group being saturated by a metal. The alde- 
hyde group of the uronic acid is joined by a 
glueosidic bond to an OH group of one of the 
sugars. A number of sugar groupings are 
similarly joined to the first one, and the sugars 
may be aU alike or different. Usually at least 
two are present. When these bodies are 
hydrolysed the principal sugars obtained are 
galactose and arabinose. According to Butler 
and Cretcher (J. Amer. Chem. Soc. 1929, 51, 
1519; 1930, 52, 4509) gum arabic is composed 
of 1 mol. of d-glucuronic acid, 3 mol. of d- 
galactose, 3 mol. of ^a^abinose and 1 mol. of 
^^hamnose. 

Too much importance should not be attached 
to the quantitative results of any analysis of a 
given gum as there is no doubt that the propor 
tions of the sugar and acid complexes, as well as 
the amount of the mineral matters, may vary 
considerably according to season, soil or climate 
for the gum obtained from any given species of 
plant. 

Some gums contain as many as five different 
sugar complexes, and both pyranose and fura- 


nose ring structures may bo present. The 
sugars, hitherto isolated after hydrolysis of 
gums, are glucose, mannose, galactose, fructose, 
xylose, arabinose, rhamnose and fucose. For 
an interesting summary of the chemistry of 
plant gums, see Hirst and Jones (Chemistry and 
Industry, 1937, 66, 724). 

A certain number of gums are used in 
pharmacy for the preparation of pastilles, 
emollient medicines and emulsions, their 
emulsifying power being very considerable. In 
the arts considerable amounts of several gums 
find employment as adhesive agents, for finish- 
ing fabrics, in calico printing, ink manufacture 
and the manufacture of water colours. Gum 
tragacanth has come considerably into fashion 
in the manufacture of “ hair creams.” 

The value of most gums for commercial pur- 
poses depends on the viscosity of their solutions 
111 watei. The determination of this value is 
usually of ii quite arbitrary character. It can, 
of course, be determined on standard instru- 
ments, as m the case of oils, but in actual 
practice it is usually done by making up solu- 
tions of a satisfactory sample, and of the sample 
to jie tested, of the particular strength which the 
user employs, and allowing equal volumes of the 
two solutions to fiow from the same tube through 
a narrow orifice and noting the time of flow. 
Although this is a ” rough and ready ” test, the 
results are extremely useful for comparative 
purposes. 

In addition to the viscosity ti‘st, the gum must 
bo valued by thi* percentages of moisture and 
ash, and in many eases by the acid value of the 
sample. Naturally, the colour, taste and odour 
of solution of a gum are very important. An 
unpleasant odour is obviously indicative of an 
unsatisfactory gum, and the odour will probably 
bo found to correspond with its acid value. For 
many purposes it is highly important that the 
solution should be of a pale colour while for other 
purposes colour is almost immaterial. The 
higher the amount of water and ash, the lower 
is the value of the gum. The average values for 
water and ash will bo found under the gums 
described. 

Acacia Gum, commonly known as gum 
arabic, is amongst the best known and most 
generally used of the true water soluble gums. 
It is official in the British Pharmacopcsia, 
which authority requires it to contain not more 
than 15% of moisture, nor more than 5% of ash. 
Its principal constituent is araban, which yields 
arabinose, galactose and glucuronic acid on 
hydrolysis. The mineral matter consists of cal- 
cium, magnesium and potassium. The most 
esteemed variety is that collected in Kordofan, 
but Mogador and Senegal gums are also of 
excellent quality. It is, in the main, the gummy 
exudation of the stem and branehes of Acacia 
Senegal, although allied species also yield the 
gum. Artificial incisions are usually made and 
the bark removed. In about 2 months the first 
collection of gum is made. In uncultivated 
trees the gum exudes naturally. The gum exists 
in small tears, and lumps up to the size of a 
walnut. The fragments break with a vitreous 
fracture and are often quite transparent. 

Apart frofti the question of injuring the trees 
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purposely, it appears that the Senegal trees yield 
most gum when they are in an unhealthy state, 
all attempts to improve their oondition resulting 
in a smaller yield of gum. 

Gum arable is soluble in water and is precipi- 
tated by the addition of alcohol, or by basic lead 
acetate. The closely allied gums are of little 
comraeTcial or scientific impoT*tanre. An objec- 
tionable inifuirity in acacia gurn is the so-called 
fJhatti <jum uhicJi u( curs in reddish tears or lumps 
less soluble than acacia , it is derived from 
various sjiccu's ol Afiogei.'isus and the ash con- 
tains alumina and Crilcium phosphate. 

Gum Tragacanth. — 'Phis gum is used in 
pharmacy to a considerable extent as it is a 
most iiHcfuJ einulsifior. Jt is also used in many 
other directions as a thickener, for example in 
thick sauces, chiitneys, etc. 

Tiagacant h, as it is usually called, is the dried 
gummy e.xudation obtained by incision from 
yijstragaluft (juminifer and other speeiCH. The 
plants ar<5 shrubs indigenous to Greece, l*ersia 
and 'J’urkey. The exudation is collected and 
dried, when it forms flakes, which are graded 
according to their colour. 

The gum is scarisely soluble in water, but swells 
up in etjiitact with water to a gelatinous mass. 
Traces of starch are present. It is otiieial in 
the Hritish Phannacopreia, which authority 
requires that it shall not yield more than 4% 
of ash, and shall not aeipiiro a pink colour 
with a solution of ruthenium red (ammoniated 
ruthenium hydroxyehlonde) (absence of sterciilia 
gum). The so-called Hog tragacanth is some- 
times present in the lower (lualities of tragacanth. 
'riiis is probably the product of a speeies of 
Prunns. StrrcuUa gum, known as Indian 
tragaeant-h, is obtained from Strrcuha 
The particles are coloured blight Jiink by a 
solution of rutluuiiuui red. 

The eoiiipoBjtioii of tragacanth has not been 
coinplctcly settled. According to Norman (Bio- 
chem. if. iy3], 25. 200), if a 0-1% “solution ” be 
filtered, an insoluble portion, ba.<isarin, remains 
on the filter, and a w^ater-soluble portion, 
iragaranihln, passes through. This, on hydro- 
lysis yields no sugar but arabinosc. Norman 
considers tragaeanthin to be a compound of 
arabinosc arul galacturonic acid only. 

The early work of O’Sulhvan on gum tra- 
gacanth and gum gedda laid the foundation for 
a good deal of the later work (J.C.JS. 1884, 45, 
41; 1890, 57, 59; 1901, 79, 1104). From 

gedda gum ho isolated an acid which he termed 
jyceWie CjsHggOgj, described as an isomer 
of arable acid. 

According to the British rhannacoutical 
Codex, 1934, the soluble portion of tragacanth 
yields arabinosc, galactose and geddic acid, but 
this is not in agreement with the work of Nor- 
man above quoted. 

Bassorin, the insoluble portion, is probably a 
compound of basBono acid with xylose and 
possibly a sugar to which the name tragacanthose 
has been assigned. According to von Fellenberg 
(Chem. Zentr. 1914, II, 943) bassorin contains a 
methoxyl group. He considered that the 
bassorin acid has the formula to 

which the name bassoric acid was assigned. 
Other acids are stated to be present? 


The numerous other gums allied to acacia and 
tragacanth are of little or no commercial 
importance. But it should be mentioned that 
species of Ceratonia yield a gum, known as 
carot gum or locust gum, which is an excellent 
substitute for gum tragacanth. 

For a description of methods for identifying 
common gums, see Jacobs and Jafle (Ind. £ng. 
Chem. [Anal.] 1931, 3. 210; cf, Wildman, 
J. Assoc. Off. Agric. Chem. 1935, 18, 637). 

E. J. r. 

GUNARI (^^ Vol. II, 439d). 

GUN^COTTpN {v. Vol. IV, 5066). 

GURI-GINJA (v. Vol. I, 4c). 

GURJUN BALSAM. This oleo-rcsin is 
the product of various species of Dipierocarpua 
of which about fifty exist in South and South- 
East Asia. One of the most important species 
is D. turbinatus, a tree found in Bengal, Burma 
and the Andaman Islands. A sample of this 
was examined by Schimmel & Co. (Report, April, 
1913, p. 68) and found to have sp.gr. 0-9H1 at 
IS*’, and acid value 10-9. On steam distillation 
it yielded 46% of essential oil, of sp.gr. 0-927 
at IS*^", optical rotation - 37° and refractive 
index 1-500 at 20°. The balsam is used to 
some extent as an adulterant of Copaiba balsam, 
but in the country of its production it is sold 
chiefly as a varnish. 

(/omniercial samples of the balsam have the 


following characteristics : 

Specific gravity at 15° . . 0-9()0-0-985 

Acid value 10-25 

Ester value . .... 1-10 


They contain from 40-55% of essential oil wdiich 
has the following approximate characteristics : 

Specilic gravity . 0-903-0 928 at 15° 

Optical rotation . Lnevorotatory up to -130° 

Refractive index 1-500-1 -5050 at 20°. 

The oil consists largidy of sesquiterpenes {v. 
G1JK.JIINKNKH, The). The presence of gurjun 
oil (or balsam) as an adulterant can be detected, 
even in quite small amounts, by the following 
reaction: 3 or 4 drops are added to 10 c.c. of 
glacial acetic acid containing five drops of nitric 
acid. In the presence of gurjuii oil a reddish- 
purple to violet colour will develop within a 
minute. 

E. J. P. 

GURJUNENES, THE, The oleo-resins, 
Gurjun and Copaiba balsams, obtained from 
various species of Dipterocarpus, yield on distil- 
tion in steam an oil from which two sesquiter- 
penes, a-gurjunono and j9-gurjunene, have been 
separated (Deussen, Annalen, 1909, 369, 59 ; 
UeuBsen and Philipp, ibid. 1910, 374, 106 ; 
Semmler and Spornitz, Ber. 1914, 47, 1029; 
Scmmler and Jakubowicz, ibid. 1144, 2253; 
Treibs, ibid. 1936, 68 [B], 1761). a-Ourjunene 
has b.p. 114-116°/10 mm., 0 919, 1-501, 

ap —90°, whilst P-gurjunene, which can bo freed 
from a-gurjunene by taking advantage of this 
hydrocarbon’s facile oxidation with potassium 
permanganate, has b.p. 120-123°/13 mm., 
0-9348, np 1-60276, cp -|-74-5°. a-Gurjuneno 
is tricyclic and gives a monohydrochloride, b.p. 
165-170°/20 mm., from which an isomeric tri- 
cyclic hydrocarbon, d®® 0-819, Wp 1-602, op 
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— 19 , is obtained by treatment with alkali. 
On hydrogenation in presence of palladium 
black dihydro-a-gurjuncne, d*® 0-8917, 
1-4897, aj) —18° is formed, whilst dehydro- 
genation with sulphur yields an azulene. By 
the loxidation of a-gurjunene with potassium 
permanganate Treibs {l.c.) has obtained succinic 
acid and a tricarboxylic acid, CBHi 40 a, but it is 
not yet possible to assign a structure to the 
hydrocarbon. /3-Gurjunene, like a-gurjunciie, 
is tricyclic and gives on catalytic hydrogenation 
dihydro-p-yurjuTiene,]).}). I H mm., 

1-4922, Up - 42“. If repeatedly distilled 
over heated nickel p-cymene is formed (Treibs), 
whilst when heated under ])resauro at 300° for 
some hours it yields a-terpinciic (Semiider and 
Jakubowicz)- It is not improbable that fi- 
gurjunene is closely related to ecdrenc (q.v .) ; it 
gives on oxidation with chromic acid an iin- 
satiirated ketone, m.p. 43“, bp. 103- 

100710 mm., d^o i.()| 7 ^ aj, H 123°, 

seniicarbazonc, m.p. 237°. 

J. L. S. 

GUTTA PERCHA AND BALATA 

are plant products containing a])preciable 
(fuantitics ol the gutta hydrocarbon, \\hich 
like the rubber hydrocarbon, caoutchouc, is a 
polymer of isoprene and has the lortnula 
or I— CHj CMe:CH CHa— ]„. At 

one time gutta pcrcha and balata were con- 
sidered to contain difTerent, although chemically 
related, hydrocarbons, but A-ray examination of 
the pnnlied products suggests that botli contain 
the same hydrocarbon and that it is a stereo- 
isomer of caoutchouc. 

The purified hydrocarbons of rubber, gutta 
pcrcha and bahita have the s.imo general 
chemical properties, but the dilferences in 
spatial configuration are responsible for differ- 
ences in physical properties which render the 
gutta and balata hj’^drocarbon particularly 
suitable for some jnirposes. At ordinary atmo- 
spheric temperature gutta fiercha and balata 
are much harder and less elastic than raw rubber, 
but soften markedly on heating and at tempera- 
tures approaching U) 0 °(\ are easily moulded, 
becoming hard again when cold. 

Gutta percha and balata differ from each 
other m that they are obtained from different 
trees growing 111 different countries and are 
associated with different resinous materials 
soluble in acetone. 

Gutta percha is the product obtained by co- 
agulating the latex ol certain species of Fala- 
(fuiuni and Faijena belonging to the natural order 
Sapotacea which arc natives of the Malay 
Peninsula and Archipelago. The name is 
derived from two Malayan w'ords “ getah ” and 
“ pcrcha ” meaning plant juice of Sumatra. 
Balata is the product obtained by coagulating 
the latex of Mimv^opa globoaa^ a large forest tree, 
also belonging to the natural order Sapotaceee. 
This tree is a native of many countries, among 
w-hich are Brazil, Venezuela and the (fuianas. 
Whereas gutta percha is a product of the East 
Indies, balata is chiefly a product of the tropical 
region of South America. 

The principal tree yielding gutta percha of 
good quality ia Palaquium gutta. A number of 


other apecies of Palaquium furnish gutta percha 
of second quality, the chief of those being P. 
obovalum, P. maingayi and P. oxleyanum. 
Species of Paycna such as P. Icerii and P. 
havilandit are also sources of gutta. 

Palaquium gutta is a large forest tree which 
u.siially attains a height of about 60 ft. but 
sometimeH reaches a height of 150 ft. and a dia- 
meter ol 4-5 ft. The latex ia contained in 
isolated sacs wdiieh occur chiefly in the inner 
layers of the bark and also in the leaves. On 
making incisions in the bark the latex exudes 
and quickly coagulates, so that only a small 
yield of gutta percha can Ih' obtained at one 
tap]»ing. The native method of obtaining gutta, 
therefore, is to fell the trei-s and ring them at 
intervals of from 9 to 12 in. The latex exudes 
into the incisions wdiere it (piiekly roagiihites 
and can be rolled off' on a stick or removed with 
a knife. The, amount of gutta ]ierclia obtained 
per tree by the native method has been variously 
stated, but it may be as much as 10 lb. per tree. 

Owing to the berioiis destruction of the trees 
involved in the native method, attempt.^ were 
made* as long ago ns 1S45 to establish planta- 
tions and to collect the product by tapping 
the standing trec.s, but the yiclil was too 
small. E\entualli rneehaiiieal methods were 
evolved for extracting gutta percha from leaves 
and tw igs and a mirnlier of jdantatioiis, tin* chief 
of wdiieli is in Java, have now been established. 
The leaves h.ing on the branclu's for 10 to IS 
niontliH and are liai vested when they are on the 
])oint of falling because tliey are then riehost 
in gutta (2-ti-2-7%). The averrige jicriod 
between tvu) picking rounds is about 40 days 
and the yield ol gutta is about 250 lb. per aero 
per aiinuin. 

Ill order to separate the gutta percha the 
leaves are cut up, eriished and finally ground to 
a powder which is then mixed with water and 
allowed to ferment, after which the mixture is 
diluted w'ltli warm water and heated to 70°C. 
It is then poured into cold water when the leaf 
fibre sinks to the bottom and the flakes of gutta 
percha, being lighter than water, are easily 
removeil. The flakes are subsoqueiitly pul- 
verised in cold Walter, washed in hot water and 
pressed into blocks. 

The crude plantation product contains about 
90% gutta hydrocarbon as compared with 
about 80% m the best of the wild grades. A 
still purer grade is prepared on the plantation 
by extracting the crude product with cold 
petroleum spirit to remove resins and then dis- 
solving the gutta in hot spirit and treating with 
bleaching clay to remove pigments. On cooling 
the gutta is precipitated as a while, snow-like 
mass containing less than 1% resin. The 
residual spirit is removed by steam distillation 
under a vacuum. This purified gutta readily 
oxidises when exposed to air and is therefore 
stored in evacuated tins or is treated with an 
antioxydant, such as p-toluidine, and stored in 
the dark or under water. This higlily purified 
gutta ia in considerable demand lor the outer 
cover of golf balls for which purpose it is usually 
mixed with a little rubber during manufacture. 

Like gutta percha, balata was first obtained 
by felling tke tree, but is now obtained by 
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tapping, a sencB of inriHioiiB being made in the 
bark bo arranged that the latex can run down 
to the base of the trunk where it ib collected and 
poured into Hhallow disheB. Thia latex is 
remarkably stable, but on exposure to Bun and 
air it coagulates and forms ahects which are 
hung to dry in the air. In some districts these 
Bheets arc pressed into blocks. 81icot balata is 
produced chiolly in the Guianas, and block balata 
in Vejiezuela and th(i Amazon districts. 

The latex of balata trees usually flows freely, 
and, in favourable circumstances, the yield from 
a tree 15-2010. diameter, tapped to a height of 
H ft., is about II pints, representing from 1^ to 
2 lb. of dry balata. 

The toinmercial brands of gutta porcha and 
balata vary considerably in quality according to 
their origin. The quahty mostly depends upon 
the hydrocarbon content. With the exception 
of th(‘ sjiecially purifled product already 
tlcHcribcd, commercial material contains con- 
siderable quantities of naturally-occurring resin, 
as well as small quantities of foreign matter such 
as bark and sand. Good qualities of wild Pala- 
(luium gutta contain about 20% of resin, but 
balata usually contains 35-50%. bVir industrial 
purpose's it is necessary to clean the cotnniereial 
material by softening in hot water, washing m a 
masticator and straining through a fine gauze, 
after which it is dried by kneading and mixing 
under a high vaiaium. For the inaniifacture of 
golf-ball covers, a solvent process, similar to 
that used on the gutta plantations, is employed 
to obtain a apccially purified material. 

The gutta hydrocarbon is a hard, horny, 
tough white substance which progressively 
softens on heating until at lOO^’C. it becomes soft 
and stic ky, rapidly regaining its original hard- 
ness on cooling. When heated strongly in air 
it decomposes and burns with an odour cha- 
racteristic of burning rubber. When destruc- 
tively distilled it yields a niixturc of liydro- 
earbons, including isopreiie, similar to those 
obtained by the dksl illation of rubber. The 
gutta hydrocarbon exists in two forms, the 
a-fonii being stable below about OS^C., changing 
to the ^-fonn above that temperature. The 
hydrocarbon usually occurs in the p-iorm and is 
converted into the a-furm by heating at tem- 
peratures below the transition point. The 
j9-form is somewhat harder and slightly more 
dense and more soluble than the a-form. At 
normal atmospheric temperature the change 
from the metastable ^-form to the stable a-form 
IS HO slow os to be negligible, but occurs in a few 
hours at GO^'C. (J. N. Dean, Trans. Inst. Kublier 
Ind. 1032, 8, 25). A-ray examination shows 
that gutta has a crystalline structure and that 
it 18 jirobably a fm/w-iBonior of caoutchouc. 
(For a review of the subject, sea Davis and 
Blake, “ Chemistry and Technology of Rubber,” 
Reinhold Publishmg Corporation, New York, 
1937, p. 120. The density of the hydrocarbon 
varies from 0-945 to 0-965 at 24°C. accorplu^g fo 
source and treatment. 

The purified hydrocarbon is insoluble in ether, 
acetone, alcohol and cold petroleum spirit and 
ia completely soluble in carbon disulphide, 
chloroform, carbon tetrachloride and hot 
petroleum spirit. In general it is soluble in 


most aromatic hydrocarbon solvents, but is 
insoluble in saturated paraffin hydrocarbonB 
when cold, becoming soluble on heating. 

Gutta is not affected by weak mineral acids, 
strong hydrochloric or acetic acids, but is 
readily attacked by strong nitric or sulphuric 
acids. It is particularly resistant to hydros 
fluoric acid for which it is used as a container. 

Gutta contains one double bond for each 
CgHg group present and forms addition pro- 
ducts with halogens or nitrogen oxides closely 
resembling those prepared from rubber. Like 
rubber it slowly absorbs oxygen when exposed 
to air and light, and in the process the gutta is 
converted into a brittle resin. Gutta is not 
energetically attacked, however, by ozone, but 
it reacts in solution forming an ozonide which 
yields decomposition jiroducts similar to those 
from caoutchouc ozonide. The oxidation of 
gutta is of commercial importance since special 
precautions are required to prevent the deteriora- 
tion of purified material. This deterioration is 
markedly accelerated by light and is retarded 
by the resins naturally occurring in the iin- 
purified material. 

Gutta is highly resistant to water, the purified 
mat-enal absorbing less than 0-2% over a period 
of 2 years. 

Like rubber, gutta percha and balata can be 
vulcanised with sulphur and also by benzoyl 
l>eroxide and by ni-diiiitrobenzene, but the 
mechanical properties of the product are inferior 
to those of vulcanised rubber. 

Analyses of commercial gutta porcha and 
balata are necessary to aHsesH quality, the most 
frequent determinations being resm, dirt and 
moisture. Moisture is usually estimated by 
heating m nitrogen at low pressure ; dirt 
(including protein) l>y dissolving in benzene and 
filtering ; and resin by extracting with hot 
acetone. Gutta hydrocarbon can be estimated 
by din'creiice or by precipitation ot the acetone- 
extracted material from filtc^red benzene solu- 
tion by pouring into alcohol. The percentage 
composition of several representative samples of 
gutta percha and balata examined at the Im- 
perial Institute or by Obach (J. Soc. Arts. 1897, 
46, 125) is given in the table on the next page. 

Ill comparison with these figures the following 
analysis of leaf gutta from Java is of interest, 
viz. gutta 79, resin 7, dirt 4, moisture 10 (Ivan 
Lennap, India Rubber J. 1923, 65, 307). 

The resinous bodies associated with the gutta 
hydrocarbon in gutta percha and balata are 
complex oxygenated substances. They were 
separated by Payen in 1862 into two portions : 
(1) a crystalline white resin, soluble in hot but 
insoluble in cold alcohol, which he named 
albana; (2) an amorphous yellow resin soluble 
in cold alcohol, which he named fluavile. It is 
unlikely that tliese are pure substances and it 
has been shown that the resin contains appreci- 
able quantities of a- and )3-arayrin esters (such 
as acetate), phytosterols such as lupeol, fats 
and fatty acids. 

The introduction of gutta percha into com- 
merce dates from 1843 when specimens w&re 
forwarded to London independently by two 
doctors resident in Singapore, William 
Montgomerie and Jos6 D’Almeida, and the 
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Variety. 


Hourre 


Geta taban merah ^ 


Palaquium gviia 


I 


»» »» »» 


„ ,, putih . 

„ „ chaia . 

Geta Simpor 
,, taban Sutra “ 
,, Hundek ® . 
Sheet balata 
Blofk balata . 
Balata . 




Uncertain 

Palaquium maingayi, 

,, gutia 
Paye.na herii 
British Guiana 
Venezuela 

Mostly Briti.sh Guiana 
Dutch Guiana 


^ (JbtaiiicU by tapping Htainling trees 


remarkable properties of the material at once 
attracted attention. At a meeting of the Royal 
Society in 1845 William Siemens suggested 
that it would make a suitable insulator for 
underground telegraph wires and in 1847 his 
brother Ernst Werner von Siemens employed 
the material for this purpose. In 1849 two 
experimental lengths of submarine cable in- 
sulated with gutta percha were laid at Folke- 
stone by Walter Brcit. 

The first submarine cable was not a success, 
but many thousands of miles have now been 
successfully laid, nearly all of them insulated 
with gutta percha and a few with balata. The 
use of gutta porcha for submarine cables is 
based on the ease with which it can lie extruded 
when warm, its low water absorption, good 
electrical properties and the ease of effecting 
repairs. Submarine cables are made by warm- 
ing the gutta on hot rolls and feeding it to a 
hot extruding machine which forces it through 
a die over the metal conducting core, after 
which the cable is passed into a tank of cold 
water and rolled on to drums. 

The second commercial use of gutta ijcrcha 
in order of importance is for the outer cover of 
golf balls. For this purpose balata is dissolved 
in hot solvent and a purified gutta precipitated 
on cooling; this is freed from solvent and 
mixed with a little rubber and a white pigment 
on mixing rolls liefore moulding to the required 
shape. Owing to its excellent quality purified 
gutta supplied by the plantations has now largely 
replaced that previously obtained from balata. 

Large quantities of balata were at one time 
used for the manufacture of belting, but this 
has been replaced to a great extent by rubber 
on aecount of cost. 

Among the well-known substitutes for gutta 
percha for the insulation of submarine cables 
are Para gutta and K. gutta. They consist 
of mixtures of purified balata, deproteinised 
rubber and hydrocarbon wax or petroleum jolly. 

Small quantities of gutta percha are also us^ 
as an adhesive, the best known being Chatter- 
ton’s compound which is a mixture of gutta 
percha, Stockholm tar and resin. 

G. M. 

GUTZEIT’S TEST (v. Vol. I, 4706). 

GUVACINE {V. Vol. I, 468a). 
GUVACOLINE [v. Vol. I, 4686). 


Gutta. 

Keslii. 

Protein 
and (or) 
dirt.. 

Moisture. 

► ,\Hh 
(included 
In dirt). 

70- 1 

13-9 

1-2 

14-8 

0-96 

68-3 

13-4 

8d 

10-2 

0-89 

35-6 

49-5 

7-4 

7-5 

0-72 

620 

43-4 

3-4 

1-2 

l-fil 

44-9 

45-5 

8 4 

1-2 

213 

84-3 

10-7 

3-7 

1-3 

— 

43-9 

37-6 

61 

13-4 


60-3 

44-0 

3-8 

1-9 

00 j 

4.6-7 

44 2 

8-3 

1-8 

1-28 

41 -.6 

34-8 

9-9 

13-8 



43*6 

3fi-9 j 

14-3 

5-3 

— 1 


* AnnlvsoB by C)l)neh 


GUYACAN. A tanning agent obtained 
from the seed-pods of Capsalpinia rnelavocarpa 
Griseb, of the Argentine. 

'' GYNERGEN" (r. Vol. IV, .l.m). 
GYNOLACTOSE (r Vol. I, i>42«). 

" GYNOVAL.** isoBornyl isovalerate {**hy- 
sierol bp. 132-1 38°/12 mm. Used as a 
sedative. 

GYROLITE (?;. Vol. II, 227c). 

GYPSUM (Fr. Gypae ; Ger. Oipa ; Ital. 
Qeaao). A common mineral composed of 
hydrated calcium sulphate, CaS 04 , 2 H» 0 , 
crystallising m the mono(*lmic .system. The 
name aelenitf is sometimes applied to the clear 
crystallised variety, aatin-apar to the finely 
fibrous variety, and alabaatfr {q.r.) to a compact, 
marble-like variety used for caiving. The low 
degree of hardness (no. 2 on the scale) is a very 
characteristic feature; the mineral -can be 
readily scratched with the fuiger-nail. Sp.gr. 
2-32. The mineral is usually white, but somc- 
tiincH greyish, yellowish or reddish ; and the 
glistening cleavage surfaces are usually con- 
spicuous on a broken surface. The crystals 
possess a highly perfect cleavage m one direction 
parallel to the plane of symmetry ; on the 
smooth, bright cleavage surfaces the lustre is 
pearly, and coloured bands (Newton’s rings) 
are often to be seen. Cleavage flakes are 
flexible but not clastic (thus difl'cring from mica), 
and when bent a fibrous cleavage is developed 
parallel to the faces of a pyramid : this fibrous 
cleavage is scon as silky stnations on the 
principal cleavage, and is a very characteristic 
feature of gypsum. 

Single crystals of gypsum, with a rhomb- 
shaped outline, are of common occurrence em- 
bedded in clays. Fine groujis of water-clear 
crystals are found in the sulphur mines of 
Sicily, the salt mmes of Bex in Switzerland and 
in many other localities. Enormous crystals, a 
yard in length, have boon found in a cave in 
Wayne Co., Utah. Various types of twinned 
crystals are of common occurrence. The 
deposits of massive gypsum, such as are mined 
for economic purposes, occur as thick beds and 
nodular massos in sedimentary rocks of various 
geological periods. Those of the midlands of 
England are interbedded with the red marls 
and sandstones of Triassic age ; those worked 
near Battle, •in Sussex, belong to the later 
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Purbeck btidfl ; many of the dcpohitfl of the 
United iStatea are of Palaiozoic (Silurian, 
Devonian and Carboniferous) age ; whilst the 
important deposits in the Paris basin are of 
Tertiary (Koeene and Oligocene) age. These 
more extensive ileposits ol gypsum have been 
formed by the exaporalion ol water in inland 
lakes anci seas ; ami tliey are often associated 
with lieds of loek-saJt. The mineral has, how'- 
ever, in many eases originated by the action of 
water containing siilphiiric acid and soluble 
Hiiljdiates (produced by the weathering of iron- 
pyrites and other snljihides) on limestone and 
other calcareous rocks. It is also lormed by 
tlie action of volcanic vapours on the surround- 
ing rocks. 

The output of gyjisum in England amounts 
to about a quarter of a million tons per annum ; 
about half of this amount is mined in Notting- 
hamshire, considerable (luantities in Stafford- 
shire, Sussex and Cumlx'riand, and less in 
Derbyshire, Yorkshire, West niorland and 
Somersetshire. The value ranges from 6 to 10 
shillmgs })er tcm. In Eranee, the output 
readies 1^ million tons per annum, and about 
the same amount is produced in the I’nited 
States. Nova Seotia and New Brunswick are 
also large producers, 'fhe French gypsum is 
remarkable in eoiitainirig some admixed calcium 
carbonate and soluble silica, and foi this reason 
it niake-s a liardcT plaster. 

'J'he principal use of gypsum is for the manu- 
faeture of ])laHter of Pans {v. V^)l. If, 129-132), 
stiieeo and various kinds of w all -jil asters and 
( cmcnts. Hence the jiopular name plafitcr-stone. 
I’ho employment of jilaster of Paris for making 
the moulds in the potteries has given rise to the 
name potter's slotir, for gypsum. In the tin-plate 
industry gypsum is used for polisliing the plate 
and it is added to water to give jjermanent hard- 
ness in brewing. The coarser grade's of material 
are ii.sed as fertilizers (land plaster). Alabaster 


IB used for carvings for inside decorations ; and 
satin-spar is cut as beads and other small 
personal ornaments. Under the names “ terra 
alba,” “ annaline ” and ” satinite,” ground 
gypsum is used for adulterating paints, or 
sometimes as a legitimate constituent under 
specification, and as a mineral loading in the 
manufacture of paper { v . Calcium). 

Iteferences. — R. W. Stones, “ Gypsum Pro- 
ducts, their Preparation and Uses,” U.S. 
Bureau of Mines, 1918, Technical Paper 156; 
D. C. Win ter bottom, ” Gypsum and Plaster of 
Pans,” Dept, of Chem. South Australia, 1917, 
Bull. No. 7 ; Special Reports on the Mineral 
Resources of Great Britain, Mem. Gool. Survey, 
3, 2nd ed., 1918. ; “ Gypsum,” Imp. Min. Res. 
Bur. London, 1923 ; 0. 1. Adams and others, 
” Gypsum Deposits of the United States,” Bull. 
U.S. Geol. Survey, 1904, No. 223 ; W. F. 
Jcniiison, ” Report on the Gypsum Deposits of 
Maritime Provinces,” (Canada, Dept. Mines, 
1911, Piibl. No. 84; L. 11. Cole, ‘‘ The Gypsum 
Industry of Canada,” Mines Branch, 1930, 
No. 714; B. Wasserstem, “Gypsum in the 
Union of vSoiith Africa,” Bull. Dept. Mines, S. 
Africa, 1935, No. 3. 

L. J. S. 

GYROPHORIC ACID, occurs in Umbili- 
cnria puslulata Hoffm., Gyrophora species and 
other lichens. It has m.p. 220“ (decomp.). 
The structure of gyrophoric acid was first cor- 
rectly postulated by Asahina and Watanabe 
(Ber. 1930, 63 1 Bl, 3044) 

Me Me 

^ ,CO O|" '|OH 

HO' Iqh ^ 'cO O )OH 

and Kbortly afterwards confirmed by synthesis 
{ibid, 1932, 65 [B], 938; Asahina and Yo.shioka, 
ibid. 1937, 70 m, 200). 
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HAAS-OETTEL CELL (Vol. Ill, mi). 

HACKLING (Vol. 11, ILi). 

H>EM (this Vol., pp. 1046, 105r). 

" H^MAROGEN," ** H^MOL" Tradenames 
for albuminates of iron used as iion-irntant 
assistants in the treatment of anamiia and 
chlorosis. These materials are frequently pre- 
pared from hamioglobin (Massatsch, Apoth.- 
Ztg. 1928, 43 , 1307 ; sterilisation, Kinllow, 
Problems Nutrit. (Russ.), 1930, 5 , No. 3, 55 ) 
though they then differ markedly from the iron 
compounds prepared from albumin. The term 
hsBfnatogen was also applied to albuminates pre- 
pared by Bunge from egg-yolk and liver (Z. 
physiol. Chem. 1884, 9 , 49 ; i886, 10 , 453). 

H^EMATIN (this Vol.,p. 164). 

H>CMATINIC ACID (this Vol., p. 1626). 

HEMATITE or HEMATITE. A mineral 
consisting of ferric oxide (FegO,), crystallising 
in the rhombohedral system, and an important 
ore of iron (Fe 70%). According to whether 
it is crystallised, massive, or earthy, it varies 
considerably in external appearance. In all 


cases, however, the mineral gives a characteristic 
brow^iiish-red streak or powder ; and it is on 
account of this colour (resembling that of dried 
blood) that the mineral receives its name ha*ma- 
tite, meaning, in Greek, blood-stone. The sp.gr. 
of the crystals is 5-2, but of the compact and 
earth}’ varieties it may bo as low as 4-2; hard- 
ness 0 (except in the soft, earthy varieties). 

The crystals are iron- black with a brilliant 
metallic lustre, and they vary from rhombo- 
hedral to tabular in habit. This variety is 
distinguished as iron-glnnce^ specular iron or 
specularite ; or, when the crystals are thin and 
scaly, as imcaceous iron-ore. The compact 
vaiicties are distinguished as red iron-ore or red 
hamalite. These sometimes exhibit a fibrous or 
columnar structure and a nodular surface, being 
then know n as kidney iron-ore ; or, when the 
fibrous structure is so marked that the mineral 
breaks into rods, as pencil-ore. In these cases 
the material is often dark-red with a dull surface, 
but sometimes it may be iron -black with a sub- 
metallic to metallic lustre. Earthy, ochreoiia 
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varieties are brighter red iii colour, and arc often 
mixed with clay and other impurities ; these are 
known as reddle, ruddle and red iron- froth, 

Hasmatite occurs under a variety of conditions. 
The best crystals are found in connection with 
metamorphiG silicate rocks and in mineral-veins, 
whilst the extensive masses of red iron-ore occur 
as bedded deposits in sedimentary rocks, often 
in association with limestone. The deposits on 
the east coast of the island of Elba, which have 
been extensively worked since the time of the 
Romans, consist of specular iron, whilst those 
of west Cumberland and north Lancashire, 
filling large irregular cavities in limestone, con- 
sist of red iron-ore and kidney iron-ore. 

Besides being used as an ore of iron, haema- 
tite, in its harder, compact varieties, is used, to 
a limited extent, as a gem-stone, and it was the 
material employed for some of the ancient 
Babylonian cylmdcr-Reals. The pencil-ore of 
(Cumberland is cut and polished for mounting on 
scarf-pins, etc., and for the burnishing tools 
used by jc\\ellcrs and bookbinders. Oehreous 
varieties are used as a polishing material, and 
for making red paint and red pencils. 

L. J. S. 

H/EMATOGEN (Vol. 11, 22a). 

H/EMATOPORPHYRIN (Vol. II, 21a; 
this Vol., pp. 1616, Wld). 

H>EMIN, Ca4H 32 04 N 4 FeCI . Hoppe-Seyler 
(Virchow’s Arch. 1862, 23, 446; 1864, 29, 233) 
first recognised that the red pigment of the lilood, 
for which he proposed the name haemoglobin, 
consisted of a protein combined with a coloured 
substance, hwmatm. Teichmann (Z. Rat. Med. 
1857, 8, 141) obtained this pigment in a crystal- 
line state by acetic acid hydrolysis of blood. 
This pigment, haemin, can be readily obtained 
from blood by a modification of Teichinann’s 
procedure. 

Preparation. — 200 c.c. defibrinated blood is 
added dropwise with stirring to 1 litre 90% acetic 
acid containing 1 g. NaCI, at 90-95°C^ After a 
further 15 minutes at this temperature the mix- 
ture is allowed to cool slowly. Three days later 
the crystals arc filtered off through cloth and 
washed with water, alcohol and ether. 1 g. 
h.'emin is obtained. When carried out on a 
micro-scale this reaction serves as a medico- 
legal test for blood. A small drop of blood, or a 


little dried blood plus a small drop of water, and 
a trace of NaCI are mixed on a microscope slide 
and evaporated to dryness. A cover-slip is 
placed over the residue and a drop of glacial 
acetic acid run beneath it. The slide is warmed 
until gas bubbles appear and is then allowed to 
cool. The warming is repeated with a second 
drop of acetic acid and, when cool, the character- 
istic crystals of Inemin can be recognised under 
the microscope. 

Properties. — Haemin is obtained as brown or 
black rhombohedral needles or plates with a 
strong pale- blue reflex. It is insoluble in water, 
alcohol, ether and dilute mineral acids, but is 
readily soluble in pyridine, in caustic alkali and 
in alkali carbonates, (’oncentratod H2SO4 
removes iron with the formation of porphyrin. 
Hsemin sinters at 240"C. but does not melt below 
3(K)'’C. (Fischer and (Irth ^). 

1. Chemlstrv of H^min and the 
Porphyrins. 

The chemical struetiire of haimin, based on the' 
work of Uans Fischer and his school, is given in 



Fig. 1. Hsemin dissolves in alkali yielding a 
green- brown solution of alkaline hmmatin ( — Cl 
replaced by —OH). When now treated with a 
slight excess of HCI the colour changes to red- 
brown and a brown precipitate of acid ha^matin 
is formed. In presence of a protective colloid 
(e.g. protein, gum arabic) the acid hiematin 
remains in colloidal solution {see Section II). 
If hiemm is allowed to stand several days in 



Me 

El 



Me 

Et 



Me 

El 



Me 

Et 

Ht 



Me 

Me 

pT 

“L 

Et 

Me 

J 


Me 

Et 

J 



1 



2 




3 




4 


Me 



Et 

Et 

h 

_r 

Me 

Et 



_r 

Et 

Me 

^ 

_r 


Et 

Me 



Et 

Me 



Et 

Me 



Me 

El 


Fio. 2, 


presence of an excess of glacial acetic acid 
saturated with HBr, the iron is removed and a 
purplish solution of dihromohaematoporphyrin 
hydrobromide is obtained in which the vinyl 
groups are replaced by — C H Br-C Hg. Crystal- 
lisation from HCI yields the hydrochloride of 
ha?inatoporph3Tin [— CH(OH)CH3] from which 
the free base is liberated by sodium acetate 
Vol. VI.— II 


(Phmmer^). On heating in a vacuum, 
heematoporphyrin loses 2 mol. of water and 
yields protoporphyrin. The term protohmmin is 
similarly used to characterise the hcemin from 
blood (Fig. 1) with its characteristic substituents 
in the pyrrole nuclei. 

The chemical structure of hsemin and the 
porph3rrins is based largely on the synthetic 



162 




work of Hans Fischer and his colJahoraturs. 
The problem is greatly complicated by the large 
number of isomers theoretically possible by re- 
arrangeniont of groups in positions 1-8 (Fig. 1). 
In the case of cetioporphyrint where the vinyl 
and propionic groups are replaced by ethyl 
groups,* there arc four possibilities and the 
naturally occurring porphyrins and derivatives 
can bo grouped into two of the four classes 
(Fig. 2). Thus, while natural protohasmin is 
invarialily of class 3, coproporphyrin and uropor- 
phyrin, which occur in urine and fseces, have 
been identified in both the 1 and 3 forms. The 
brown pigment of hen’s egg-shell is proto- 
porpli yrin 3. Fischer has been able to synthesise 
all four loniiH of these and of many other por- 
fihynns. The struetiires (class 3) of the com- 
moner porphyrins are summarised in Table I. 

The diflerent porphyrins, as well as the four 
clasHCH of each porphyrin, can be distinguished 
by means of their absorption spectra in acid and 
in alkaline solutions (Oppcnheimer,^ p. 400 ; 
Fischer and Orth,' Vol. II). The bile pigments 
{(j.v.) are derived from the porphyrins by oxida- 
tive degradation to linear tetrap3Trolic coin- 
])ounds (replacement of one methlno group by 
two -OH). 

IMgradaiiori of Porphyrins . — Nencki and 
Zaleski (Her. 1901, 34, 997) heated ha3inin with 
H I in glacial acetic acid, steam distilled the 
residue in presence of excess ol alkali and ob- 
tained an oil, “ ha*mopyrrole.” Later workers 
w'ore able to fraction ate the oil into four pyrroles 
(I-IV, R = Et) while from the residue W'ere 
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isolated the four corresponding propionic. acid.s 
(R = CH2-CHj‘COOH). Kiister and Weller 
(Z. physiol. Chem. 1917, 99, 253) obtained 
hiematinie acid (V, R = CH„-CH2'COOH) by 
oxidation with chromic acid, w'hile a similar 
oxidation of mesoporphyrin yielded hsematinic 
acid and inethylethylmaleimide (V, R — Et). 
The absence of the latter compound in the oxida- 
tion of protoheemin indicates that the un- 
saturated groups replace the CgH 5, groups of 
mesoporphyrin. Evidence of unsaturation had 

S roviously been obtained by AVillstiittor and 
[. Fischer {ibid. 1913, 87, 440) who prepared an 
addition product with HBr which was readily 
hydrolysed to heematoporphyrin.^^ Fischer sub- 
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Protoporphyrin'. CHj CH=CH2 i CHg CH^CHg CHg I [CHglgCOOH [CHjJj-COOH CHj 

Mesoporphyrin . CHg CjHg CHg CgHg CHg , [CHglgCOOH [CH2]2’COOH CHg 
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Coproporph^Tin ' . CHg [CHjJj-COOH CHg [CH2]2'COOH CHg i [CHjlj’COOH [CH2]2'COOH CHg 

Uroporphyrin' . CHg COOH [CH2]2 COOH CHg COOH [CHgJj COOH CHg COOH | [CHgJg COOH [CHglg COOH CHj COOH 
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seqiiently traiiaforiiie<i haeniatoporphyrin into 
protoporphyrin by heating in vacuo. 

As early os 1912 Kfister proposed a formula 
for haamin identical with Fig. 1 except that CHg 
groups occupied positions 1 and 4 while the 
arrangement of the four vinyl C atoms was loft 
indeterminate. Subsequent formulas proposed 
by Willstktter and by Fischer wore based on a 
tetrapyrrylethyleno structure, but the present 
formula was o.stabhshed by Fischer and Stangler 
(Annalen, 1927, 469 , 64) by synthesis of the 
corresponding raesoporphvrin (Fischer and 
Orth,i pp. 304-370). 

Synthesis of Porphyrins and of Protohn min , — 
The synthesis of hsemiii via deiiteroporphyrin is 
typical of the methods of porphyrin synthesis 
evolved by Fischer. 3:o-I)imethylpyrrole-2-al- 


dehyde, VI, is condensed with 2:3-dimethyl- 
pyrrole, VII, in presence of alcoholic H Br to yield 
the basic component Vlll. Carbethoxyerj'^pto- 
pyrrolecarboxylic acid, IX 

(Pr^CHjCHjCOOH) 

is brominated and copdensed with itself (HBr 
in acetic acid) giving X which is hydrolysed 
and brominated to yield the acid component 
XI. By autoclaving in presence of H Br/glacial 
acetic acid, VIII and XI, condense to deutero- 
porphyrin, XII. Acetylation in positions 2 
and 4 follow’cd by reduction gives hajma- 
toporphyrin from w'hich protoporphyrin is 
obtained by heating in f^acMo. l^eatment of 
protoporpliynn with ferrous chloride and 
sodium acetate gives rise to protohoBmiu 
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(Fischer, Naturwiss. 1929, 17 , 611). Although reaction. In presence of air some ferric iron is 
the iron of protohaemin is in tho trivulent state always present and the reaction proceeds as 
it IS necessary to use a ferrous salt in the last follows : 
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For fuller detailH ot porphyiiii HyiithoHw, aee 
FiBoher and Orth,^ vol. II. For preparation of 
the intermediate compounda VI, VII and IX, 
«ec FiHeher and Orth/ Vol. I. 

The parent aubstanccT^orjijAiM with H atoms in 
positions 1-8 has been prepared by Fischer and 
Gleim (Annalcn, 1935, 621, 157) by heating 
pyrrole-a-aldehyde with formic acid, and by Stern 
and Molvig (J. Amfsr. Chern. Soc. 1930, 58, 025) 
by condensing pyrrole and formaldehyde in 
methanol solution. Porphin behaves ns a normal 
porphyrin and forms a haunin in the usual way. 

Porjiliyririfl can be characterised not only by 
their absorption spectra but also by the “ hydro- 
chloric; acid luimber." This property was 
defined by VV'illstiittcir as the concentration of 
HCI, expressed as a percentage, nccesaary to 
extract two-thirds of the poriihyrin from an 
e({ual volume of ethereal solution. This principle 
can be a])plied to the fractionation of porphyrin 
mixtures (Zeile and Rau, Z. physiol. Chem. 1937, 
260, 197). A red lliioreaconco in ultra-violet 
light at very high dilution, especially in acid 
solution, is characteristic of porphyrins. 

J'orpliyrins form metallic derivatives with a 
large number of heavy metals in addition to iron 
(fi-fif. silver, copper, tin, aluminium, manganese. 


cobalt, nickel). The iron, manganese and cobalt 
derivatives can be reduced to autoxidisable com- 
pounds, involving change of valency, and the 
ferrous derivatives combine with CO. To this 
class belongs the red pigment turacin or copper 
uroporphyrin wliich occurs in the wing feathers 
of the turaco {MusopJiagidoB). The pigment is 
readily extracted by dilute alkali, and the fact 
that it is slowly extracted by water indicates 
that the pigment may be produced as a means 
of excreting porphyrin (Church, Rroc. Roy. Soc. 
1892, 51, 399 ; Keilin, ibid. J92G, B, 100, 129). 

IT. Reactions of H^kmatin with Obganic 
Bases and Pboteins. 

The reaction between hsematin and organic 
bases is of particular interest as the resulting 
compounds may serve as spectroscopic models 
of the natural hajm-protein catalysts {e.g. 
hsBmoglobin), and also provide a simple means of 
estimation of haomatin in tissues by spectro- 
scopic comparison with standard solutions of 
haunin. Fig. 3 summarises the inter-relation- 
ships of these compounds and their relationship 
to luemoglobin. For further details, see Keilin 
{Lc.). 


Porphyrin ) 


Fe- / 



When treated with pyridine (or other organic 
bases) hauiiatin forms an addition product 
parahap.matin. The solution becomes greener, 
but the diffu.so absorption spectrum is not greatly 
changed. However, if the solution is now re- 
duced (NajSgO^), the colour cliaiigoa to pale 
red and the resulting hiemochromogen has two 
sharp absorption bands at 6590a. and 5257a. ; 
the former being more intense. Hill and Holden 
(Biochem. J. 1926, 20, 1320) and later Anson 
and Mirsky (J. Gen. Physiol. 1930, 13, 4G9) suc- 
ceeded in separating the protein of hiemoglohin, 
or globin, from the hiematin without denaturing 
the former. By adding this globin to an alkaline 
solution of protoheemin, methgRmoglobin was ob- 
tained (see Section VI) which was reduced to 
hiemoglohin. Globin has also been added to a 
number of other hiemins, and Cf the resulting 


artiOcial ha?moglobinB some exhibited the cha- 
racteristic property of oxygenation. Metha*.mo- 
globin may be prepared directly from oxyhaemo-* 
globin by oxidation of the ferrous iron with 
K 3 Fe(CN)g. During this reaction the com- 
bined oxygen of oxyha'.moglobin is liberated and 
the distinction between oxidation and oxygena- 
tion is clearly demonstrated. 

If the mild procedures described by the above 
authors are not followed the protein becomes 
denatured, and a paraheomatin or hsemochromo- 
gen is formed according to the valency of the 
iron. Thus if blood is boiled, the hoimochromo- 
gen spectrum appears ; if treated with alkali and 
dialysed against water, parahffimatin is formed. 

All the ferrous compounds of Fig. 3 combine 
reversibly with CO, the absorption spectrum 
changing in each case. With haem and hcemo- 
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chromogens the reactiun is reversed by light reduced ha)matin (hscm) and pyridine in presence 
and the following reaction takes place with of CO. 

yPyridino /Pyridine 

/ dark / 

HaomC -fCO ^ Ha0ui(' + Pyridine 

^Pyridine ^**^^^*^ ^CO 

abo bands 57d2A., 6385 a. 


In absence of CO, litem and haimochromogcn are 
aiitoxidisable. 

IIT. OccunnENCE IN Natctbe. 

Ibematin is jiresent in all animal and vegetable 
tissues, in yeast and aerobic bacteria, and is an 
essential constituent of all aerobic cells where 
it occurs either in the free state or, more usually, 
as liflcra -protein complexes functioning as 
respiratory catalysts, examples of which are 
described in this article. The concentration of 
hfeinatin is greatest in tissues of high respirator)' 
activity, or in a region where growth is very 
rapid. This is particularly noticeable in the case 
of the hwm-protein cytochrome {q.v. ; see also 
Keilin, Proc. Roy. Soc. 1925, R, 98, 312). 
Cnide oils and bituminous minerals contain con- 
siderable fpiantiticH of hieniatin derivatives 
which can be observed with a direct- vision 
BpectroscoiK\ Most of these porphyrins arc 
derived from chlorophyll but a small proportion 
of mesohteniatin, a reduction producit of proto- 
liaematin, can be detected. The porphyrins are 
present as metal derivatives ; apart from iron, 
vanadium is commonly found (Treibs, Annnlen, 
1934,510,42; 1935,517,172). 

IV. E.STIMATION. 

The detection and estimation of free and com- 
bined haematin is most readily carried out by 
conversion to hamiochromogen (pyridine and 
Na2S204) which, of all Inematin derivatives, has 
the most intense absorption spectrum {see Sec- 
tion 11). The most convenient instrument to 
use is a Zeiss microspectroscope which has the 
necessary small dispersion and is fitted with a 
comparison prism to allow comparison of two 
spectra side by side. The solution or tissue 
extract to bo examined is treated with alkali, to 
dissociate protein from haematin, followed by 
pyridme and N 328204. The absorption bands 
_of hicmochromogen can be observed in a 2 cm. 
depth of fluid containing only 0-001 mg. heemin 
per c.c. 

'J'ho concentration of haematin can bo deter- 
mined to within 2-3% by comparing the 
spectrum with that of a variable depth of a 
standard solution of heemin crystals in sodium 
hydroxide similarly treated with pyridine and 
*^^28204 (Hill, Proc. Roy. Soc. 1929, B, 106, 
112). The small dispersion of the Zeiss instru- 
ment permits accurate measurements with 
cloudy solutions. By the same method Elliot 
and Keilin {tbid. 1934, 114, 210) were able to 
estimate hsematin in intact vegetable tissue. A 
cube of the material {e.g. horse-radish root) was 
treated with pyridine and N 328204 in a 
vacuum when the root became sufficiently trans- 


luceiit for comparison of spectra. By this method 
the distribution of Inematin in the entire cross- 
section of a plant ran bo rapidly determined. 

The position of the absorption bands is deter- 
mined by the chemical structure of the hasmatin 
nucleus rather than by the nitrogenous sub- 
stance with which it is combined. 

V. lI.flSMOQLOBIN AND MyoOLOBIN, 

Haemoglobin {v. Blood). — This respiratory 
pigment is present in the blood of all verte- 
brates and is also distributed in a haphazard 
manner among the inv'ertcbrates whore the 
oxygen supply is intermittent or irregular {e.g. 
Arenicola, I/umbricus, Planorbis, Chironomus; 
see M. Florkin, “ Transporteurs d’oxygtnc,” 
Paris, 1934). Hicmoglobin is an intraeorpus- 
cular pigment in verttjbrates but is in solution 
in invertebrate blood. 

The haemoglobin molecule consists of 4 mol. of 
hxm (reduced protohaunatin) and 1 of globin 
(«ec Section 11). It is a purplish-red pigment 
which combines reversibly with oxygen to give 
bright red oxyhajmoglobin, the equilibrium 
between the two forms being determined by 
the oxygen tension. The chemistry of the 
phenomenon ot oxygenation has been investi- 
gated by a number of workers (Anson and 
Mirsky, J. Physiol. 1925, 60, 105; Barnard, 
Proc, Soc. Exp. Biul. Med. 1932, 80, 43 ; see 
J. Barcroft *) and its biological significance is 
discussed below. 

Hill and Holden {see Section II) were able to 
examine the reaction between iindenatured 
globin from hemoglobin and various porphyrms 
and motaUo -porphyrins (Bioohem. J. 1926, 20, 
1326). They obtained spectroscopic evidence 
that native globin will combine with proto-, 
hemato- and meso -porphyrins (with a marked 
change in colour) as well as with iron derivatives 
of each. No evidence could be obtained that 
denatured globin or other proteins would react 
with the free porphyrins. Haiirowitz and 
WaeJsch (Z. physiol. Chem. 1929, 182, 82) discuss 
the mode of combination of protohacmatin and 
globin. They consider that the vinyl and car- 
boxyl groups can play no part in the reaction, 
owing to the existence of artiheial haBmoglobiiis 
in which these groups are absent, and that the 
pyrrole N -atoms are too inert. They regard the 
reaction as complex-salt formation involving 
only the F e atom and point out the similarity in 
behaviour of haemoglobin and inorganic complex 
salts towards acids, alkalis and organic bases. 
While this hypothesis may well hold for hiemo- 
chromogens, the work of Hill and Holden as well 
as that of Warburg and Negelein (Biochem. Z. 
1932, 244, 9) indicate that globin may also 
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be attached to other pointo of the haematin 
molecule. These latter authors measured the Oj 
capacity of a number of artihcial htcmoglobins 
and found that it varied between 0 and 72% of 
the theoretical value, with varying substituents 
in the luematin nucleus. The nature of the Fe- 
proti'in linkage lias also been considered by Hill 
{ibid. 1920, 19, :i4l). 

Oxyh.einoglobin may be purified by erystal- 
lisalion. Tlie tendency to crystallise and the 
erystalJinc lorni vary considerably with the 
specie, H (/\bdcrhai(lcn,^p. JHfi; Hawk and licrg- 
hciin while llie jiositions of the absorfition 
bands \’ttrv shglitl y among vertebrate oxyluenui- 
globin.s ttlfboiigli invertebrate oxyhapnioglobins 
show larger variations. The average positions 
of the bands of vertebrate oxyliiemoglobins arc 
ri-r»77(K. and ^-fi240A., the lorrncr being more 
mtioi.se. "J’lic spectrum of reduced or deoxy- 
gen.'ited haemoglobin is very dift'use. It the Oj 
ol oxybuMnoglobin is rejilaeed by CO the 
absorjition maxima move slightly towards the 
him* as indicated in Table II (Anson, llarcroft, 
Mirsky and Oinunia, Proe. Koy. 8oc. 1924, H, 
97, 01). II A and B are the positions in Ang- 
strom I 'nits of tile a- hands of 02^^ and COHb 
and K IS the (‘fpiilibrium constant of the reaction 
CO I OgHb^COHb f Og then, according to 
these authors, log A'^^() ()r)(A~B). 

Tabi.e it. 


PoHltluii of a-band In Aiigs- 
trom Units. 



OjHb 

COHb 

Man . 

5,764 

5.710 

Arenicola. 

5,746 

5,698 

Lurnbricus 


5,720 

Planorhis 

5,746 

5,708 

Chironomus 

5,777 

5,T21 

Pigeon 

5,762 

5,710 

Carp . 

5,762 

5,716 

Horse 

5,764 

5,708 

Tortoise . 

6,766 

5,717 

Fowl . 

5,769 

5,718 

Lizard 

5,762 

5,715 


( Hb=ha3moglobin.) 


Accurate measuroments of wave-length are 
most conveniently carried out wdth the Hartridge 
reversion spectroscojTe (J. Physiol. 1922, 57, 47), 

Analyses of the amino-aeids constituting 
globins from various sources have been recorded 
by J. Roche, “ Biochiinie gent^rale et eoinparce 
des pigments respiratoires,” Paris, 1936. 

Crystalline oxyhsemoglobin is readily prepared 
by the following method (Keilin and Hartree, 
Proe. Roy. Soc. 1935, B, 117, 1) : 600 c.c. fresh 
defibrinated horse-blood is centrifuged and the 
serum removed. The corpuscles are w’ashed 
3 times, by centrifuging, with 0-9% NaCI. 
300 c.c. washed corpuscles are cooled to 0°C., 
shaken for ^ minute with 90 c.c. cold water and 
90 c.c. cold pure ether and centrifuged. The 
lower clear layer is dialysed for 94 hours at 0°C. 
against distilled w'ater and treated drop by drop 


with cold absolute alcohol until the solution 
contains 20% alcohol. Oxyhsemoglobin slowly 
crystallises out at 0°C. and can be recrystallised 
several times as follows : the cake of crystals is 
suspended in an equal volume of water, warmed 
to 37^0. and treated with the minimum of 
N- N aO H for complete solution. The solution is 
cooled, treated cautiously with A^HCI equi- 
valent to the N aO H used, centrifuged to remove 
impurities and set aside at 0° to crystallise. 
During recrystallisations the pigment becomes 
progressively less soluble in w^ater. It is ob- 
tained as slender needles up to 2 mm. in length. 

The determination of the molecular weight of 
haimoglobin has been recorded in a previous 
article {see Blood) and a value of 68,000 is now 
accepted for vertebrate hfcmoglobin. The iiiolo- 
eular size of invertebrate hiemoglobins varies 
considerably. 

The estimation of oxyhiemoglobin can be 
carried out spcctrophotometrically if other pig- 
ments nrc absent, but the most reliable method 
the measurement of the oxygen capacity. 
The haeiiiogloliin molecule, containing 4 ha*matin 
groups, takes up in air 4 mol. of oxygen. As 
already described (Section 11) oxyhaenioglobin 
gives up its oxygen when oxidised to metha?mo- 
globin, and it is only nec essary to add an excess 
of K 3 Fe(CN)g to a known volume of oxy- 
hccmoglobin solulion in a suitable manometric 
apparatus. For this purpose the manometers of 
Bareroft or Warburg arc most suitable {see 
M. Dixon, “ Manometric Methods,” Cambridge, 
1934). Thus, if 3 c.e. OgHb solution evolves v 
cu.mm. Oj at N.T.P. on oxidation, then, as 
68,000 g. OgHb wonkl combine with 4x22-4 1. 
the weight of OjHb in 3 c.c. solution is 

t) X 08,000 

4x22-4xl0»^'- 

Myoglobin. — When blood is conijiletely re- 
moved from an animal by perfusion it will be 
found, on spectroscopic examination of thin slices 
of various organs, that a red pigment very 
similar to haemoglobin is often present, and that 
its concentration is greatest in tissues of high 
respiratory activity. If a perfused heart is 
finely minced, extracted wath 0-9% NaCI and 
the extract clarified with kiesclguhr, a solution 
of this pigment, known as muscular hemoglobin 
or myoglobin is obtained. The pigment com- 
bines reversibly with Og (when the absorption 
maxima (horse-heart) are a-5815A., /3-5446A.), 
and also with CO. The pigment forms a 
metmyoglobin and in its general properties is very 
similar to haemoglobin. The pigment has been 
obtained in a crystalline state by Theorell, who 
has studied the spectroscopy of its derivatives, 
its reactions with Oj and CO, and found the 
molecular weight, by ultracentrifugal methods, 
to be 34,000; the molecule containing 2 mol. of 
protohaematin (Biochem. Z. 1932, 252, 1 ; 1934, 
268, 46). As a result of more recent measure- 
ments, a value of 17,000 is now accepted (Sved- 
berg ^). Hill has suggested (Proc. Roy. Soc. 
1936, B, 120, 472) that “ muscle haemoglobin 
indicates a presence of a reserve of oxygen not 
only in cases of intermittent supply but also 
in cases of intermittent consumption of oxygen.” 
MiUikan {id>id. 1936, [BJ, 120, 366 ; 1937, [BJ, 
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128, 218) using an apparatus in which reaction 
velocities could he measured by spectrum 
changes over very small intervals of time 
(<10~* sec.) showed that O, combines more 
rapidly with myoglobin than with hemoglobin. 
This author calculates that the oxygen stored by 
myoglobin in mammalian heart suffices for 
10-16 seconds at rest or 2-3 seconds at high 
activity. This store could, therefore, tide the 
heart-muscle over from one contraction to the 
next. The oxidation of myoglobin (as distinct 
from its oxygenation) by molecular oxygen is 
also more rapid than that of hfcmoglobin. 

Kinetics of Haemoglobin and Myoglobin , — 
Myoglobin was found by Hill {l.c.) to possess a 
higher affinity for oxygen than haBUioglobin and 
the relationship is summarised in Fig. 4 (repro- 
duced by permission of the author). This figure 


indicates the percentage of each pigment in the 
oxygenated mrm under various pressures of 
oxygen. Whereas the pressure of oxygen in 
the venous blood of man is 40 mm. Hg. the 
oxidase activity of the cell functions most 
efficiently at a lower pressure (e.g. 6 mm. Hg). 
At the former pressure myoglobin is 94% 
saturated and at the latter pressure 60% 
saturated with 0|. Myoglobin can thus act as 
an efficient oxygen carrier between the cir- 
culatory haDraoglobin and the enzyme system of 
the cell. Hill has calculated that the oxygon 
made available from myoglobin by a drop in 
oxygen pressure from 40 mm. to 5 mm. would, 
in mammalian heart muscle, supply sufficient 
oxygen for 1 second’s normal consumption, 
i.e. for approximately the duration of I heart 
beat. 


Oxidase minimum pressure 

I Venous pressure 


Arterial pressure 





The relative affinities of these pigments for 
Oj and CO is expressed b}'^ 

[HbC0][0,]. 

[Hb'Oj.lCO] 

Hff*moglobin has a much higher affinity for CO 
than for O2 and values of K between 100 and 
600 have been found for various haemoglobins 
(Anson, Barcroft, Mirsky and Oinuma, Proc. 
Hoy. Soc. 1924, B, 97, 61). The value of K for 
myoglobin is much lower ; Theorell (Biochem. 
Z. 1934, 268, 64) finding values of the order of 
20 for horse myoglobin. 

VI. METH.ffiMOaLOBIN, PeBOXIDABE AND 
Catalase. 

Methaennoglobin.— As previously mentioned, 
hfcmoglobin can be oxidised to methaemoglobin, 


the corresponding ferric compound, by moans of 
KjFefCN)^ (see Keilin and Hartroe, Proc. 
Roy. Soc. 1936, B, 117, 1). Below Ph 7 a brown 
solution of acid mctheemoglobin is obtained with 
absorption bands at 5040a., 6475a., 6820a. and 
6370a. The last band is most prominent in 
visual observations. The spectrum is far less 
intense than that of oxyhsBmoglobin, and a low- 
dispersion spectroscope is essential. Above pn 8 
alkaline metheemoglobin is formed which is more 
reddish and has absorption maxima at 5750a. 
and 5450a. Methaemoglobin does not combine 
with CO or O. but forms a series of spectro- 
scopically well-defined compounds with the 
respiratory inhibitors HCN, HNj, HjS, HF, 
NO, HgOf, and organic peroxides {e.g. 
C2H5OOH). In this respect methsemoglobin 
is closely anakgous to the respiratory catalysts, 
peroxidase and catalase. The study of the 
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formation of a definite compound between 
methaemoglobiii and HgOg (Koilin and Hartrce, 

l.r.) led to the elucidation of the mechaniam 
of the biologically fundamental reactiona of 
peroxulaae and catalaae with HgOj. 

Peroxidase. — Thia enzyme la very widely 
diatribiited in vegetable tiHfluea but appiiura to 
bo abaent from animal liaHiu'H (except milk). It 
in a protoh fern at in -protein complex which haa 
not yet been obtained in a pure atate. It ia 
obtainable moat readily from horae-radiah root 
and it catalyacH the oxidation by H 2 O 2 of many 
phenolH and aromatic diamines {e.g. pyrogallol, 
hydrorjuinom'. /j-phcnylenediaminc), as well as of 
ascorbic acid (Wills tat ter and Pollinger, Annaleri, 
lb23, 430, 2(31); Kuhn, Hand and Florkin, Z. 
physiol, ('hem. ID.'ll, 201, 255). Elliot and 
Keilin (Proc. Roy. Soc. 1934, R, 114, 210) 
demonstrated an approximate proportionality 
between ha^matin content and peroxidase 
activity during purification, while Keilin and 
Mann (ibid. 1937, R, 122, 119) were able to show 
that the activity was strictly iiroportional to the 
the spectrum intensity. The spectrum is very 
similar to that of iiiethsemoglobin with bands at 
4980a., 54H0a., 5H30a., f>450A. The latter 
authors recorded compound formation with the 
above inhibitors and the compound with HgOj 
was the first example of an enzyme-substrate 
compound. Such compounds had always lK*en 
postulated in studies of the mechanism of enzyme 
action. I'he same authors’ purest preparation 
csontained 1-5% ha'matin and may be con- 
sidered as 40% pure on the assumption that 
])croxidaHe w’ill contain the same proportion of 
hiematin as methiernoglobin (i.c. 3'8%). Hanna- 
tin and all hamiatiii derivatives possess a slight 
peroxidatic action and this fact has led to the 
reporting of heat-stablo animal peroxidases. In 
such cases, the activity per milligram hiematin 
is incomparably smaller than that of peroxidase 
w'hicb, like other hrom-protcin enzymes, is 
destroyed by heating to 7(f^C. 

Catalase {see also Catalase). — The occur- 
rence of this enzyme, which decomposes HjOj 
into molecular oxygen and water, is almost 
entirely restricted to animal tissues where it is 
very widely distributed. Considerable quanti- 
ties occur in blood and liver. Like peroxidase 
it is a protolisematin-protein complex with a 4- 
banded spectrum ; fiOfioA., 5440a., 5800a., 
fi295A. (Euler and Josophson, Annalen, 1927, 
452, 168 ; Zeile and Hcllstrdm, Z. physiol. Chein, 
1930, 192, 171). Keilin and Hartrce (Proc. Roy, 
Soc. 1930, B, 121, 173) described a simple method 
of preparation from horse liver and demonstrated 
a strict proportionality between the intensity of 
the catalase absorption spectrum and the 
hffimatin content of a series of catalases from 
horse bver, and later (unpublished results) found 
a similar proportionality between haematin con- 
tent and catalase activity. The preparation of 
iTystallme catalase from ox-liver (Sumner and 
Bounce, J. Biol. Chem. 1937, 121, 417) and the 
measurement of its sedimentation velocity 111 the 
ultra- centrifuge (Stem and Wyckolf, Science, 
1938, 87, 18) showed that the molecular weight 
of catalase is of the order of 270,()()0 and four 
hiematin molecules occur per molecule. Recent 
w^ork (Lemberg, Norrie and Legge, Nature, 1939, 


144, 551) has cast some doubt on the equivalence 
of the four hiematin nuclei and indicates that 
only throe are protoha3matin. Catalase, like 
methfiBmoglobin, forms a series of compounds 
with the respiratory inhibitors (Keilin and Har- 
troe, I.C.), while the mechanism of the decom- 
position of HgOj into water and molecular 
oxygen has been explained by the same authors 
(Proc. Roy. Soc. 1938, R, 124, 397) as a reduction 
of Fe*" of catalase by HgOg follow^ed by its 
re-oxidation by oxygen. 

4Fe‘ M 2 H 2 O 2 4Fe -44H ~} 2 O 2 
4Fe M4H-4 02 4Fe- ■ + 2 H 2 O 
2 H 2 O 2 2H20f02 

VII. Other Naturally -Occurrimj 
Hiematin Derivatives. 

Cytochrome {g.v ). 

Chlorocruorin . — Ray Lankastcr (3. Anat. 
Physiol. ]Kfi7, 2, 114) gave the name chloro- 
CTuorm to th(‘ red lucni-protem pigment dis- 
solvcil in the plasma of certain polycha'tc worms. 
It acts as an oxygen earner and its spectra in the 
oxygenated ami (b'oxygcnated forms are similar 
to those ot luemoglo 1 ) 111 , though the bands are 
nearer to the led (‘iid of the spectium. 

The ha*mm was i.solatcd ami examined by Pox 
(Proc. Roy. Soc. 192fi, R, 99, 199) wdiile, accord- 
ing to Fischer and von Scemann (Z. physiol, 
(’hem. 193(1, 242, 133), it is identical with the 
so-called spirographisharnin , t.e. as Fig. 1 W'ith 
— CHO replacing — CHiCHa in position 2. 

Helicorubin. — A hicmochromogen oci.uiTing 
in the gut of snails, eRjiccially in Helix pomuHa 
during hibernation. Its function is unknown 
(l)hcre and \'egezzi, J. Pliysiol. Path. gon. 
1917, 17, 44). 
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HAFNIUM. Hf. At. no. 72, at. wt. 178-6. 

In 1 923 D. Coster and G. von Hevesy detected 
in the J-ray spectra of a number of zirconium 
minerals six lines attributable to an element 72. 
They asserted that two of these lines were not 
identical with two lines observed by Dauvillier 
in 1922 in certain rare earths, and hence could 
not be identified with a new element “ celtium *’ 
which had been claimed by Urbain to be present 
in the same rare-earth preparation. Coster and 
Von Hevesy proposed the name hafnium (from 
Hafnia, an old designation for Copenhagen) for 
element 72, and showed that it could be separated 
chemically with zirconium from any accom- 
panying rare earths, and that it did not yield 
the optical spectra assigned by Urbain to 
“ celtium ” (Nature, 1923, 111, 79, 182, 2r)2, 
462). 

All zirconium minerals contain hafnium, al- 
though in greatly varying amounts ; the oxides 
contain 1-2%, the silicates such as zircon 2-6%. 
Alvite, a complex orthosilicatc, 

(Zr,Hf,Th)0a,Si02, 

from Kragerb, Norway, contains 34% of zir- 
conia and 16% of hafnia. The zirconium ex- 
tracted from the complex minerals avxenite and 
fergusomte contains from 6 to 6^)^ of hafnium. 
ThorlveitiUy from Madagascar, contains 3-2% 
HfOg and 2% ZrOj- Hafnium is as abundant 
in the earth’s crust as thorium and about one- 
tenth as plentiful as zirconium. 

/Separation from Zirconium , — Hafnium ex- 
hibits a close chemical similarity to zirconium, 
and they remain associated w^hen the latter is 
separated by the usual methods from the rare 
earths and thoria. Materials containing haf- 
nium and zirconium are fused with potassium 
hydrogen nuoride and the double fluorides 
KjXF- (X= Hf or Zr) are separated by fractional 
crystallisation in aqueous solution. The haf- 
nium salt is more soluble and in this way a 
product of 99-9% purity is obtainable. A con- 
venient alternative consists in the fractionation 
of the ammonium double fluorides, that of 
hafnium being the more soluble. 

Hafnium ammonium sulphate is also more 
soluble than the corresponding zirconium double 
salt and may be used in these separations. 

The phosphates X 0 (H 2 P 04)2 also serve for 
this separation, the hafnium phosphate being 
appreciably less soluble in concentrated acids 
than the zirconium compound. The freshly 
precipitated mixed phosphate dissolves in 
oxalic acid and on adding hydrochloric or sul- 
phuric acid is reprecipitated in a readily filter- 
able form. In this process hafnium accumulates 
in the less instead of in the more soluble frac- 
tions. This method is available on a large scale, 
and after about 26 fractionations the hafnium 
contains not more than 1% of zirconium (de 
Boer, Z. anorg. Chem. 1926, 150, 210; with 
Broos, ibid. 1930, 187, 190). 

A precipitation method has also been recom- 
mended by Prandtl {ibid. 1932, 208, 420; 1937, 
230, 419) in which the solution of the hydroxides 
in dilute sulphuric acid containing ammonium 
sulphate and oxalic acid is treated with sodium 
ferrocyanide ; hafnium is enriched in the head 
fractions. The presence of phosphate ions tends 


to interfere by causing co-precipitation of 
phosphates. 

Sublimation and distillation methods have 
also been employed. The double compounds 
2XC\^•PC\^ and aXCI^-POCL (X=Hf and 
Zr), produced by molting together the mixed 
hafnium and zirconium tetrachlorides with the 
corresponding phosphorus chlorides, can be dis- 
tilled under ordinary pressures and, in both 
cases, the hafnium compound, being the more 
volatile, is concentrated in the early fractions 
(Van Arkel and de Boer, ibid. 1924, 141, 289; 
B.P. 221802). 

Metallic Hafnium, obtained by thermal 
decomposition of its iodide, has also been pre- 
pared from the double fluoride KjHfFj or the 
tetrachloride by reduction with metallic sodium ; 
the oxide may be used if a mixture of calcium 
and sodium is employed as the reducing agent 
(Van Arkel and de Boer, ibid. 1925, 148, 346; 
de Boer and Fast, ibid. 1930, 187, 193). 

Physical Properties . — Hafnium is a highly 
lustrous, ductile metal resembling zirconium in 
appearance and crystalline form (hexagonal 
system). The X-radiogram gives the side of 
the unit triangular prism as 3-32a. and its height 
as 6-46a., w'ith axial ratio 1:1-64. It melts at 
2220“(’. while its density at room temperature 
is 13-3, the atomic volume being 13-42. Six 
isotopes have been indicated, weak lines at 174 
and 176 with stronger lines at 177, 17K, 179 and 
180 ; the relative abundances of these is approxi- 
mately 0-3, 5, 19, 28, 18 and 30%, respectively 
(Aston, Proc. Roy. 8oc. 1935, A, 149, 396; 
Dempste.", Physical Rev. 1939, [ii], 65, 794). 
The specific heat at low temperature has been 
measured by Cristescu and 8imon (Z. jihysikal. 
Chem. 1934, B, 25, 273) who find that there is an 
anomaly with a sharp peak at 75'^ abs. The 
resistivity of hafnium is 30-10“® ohm-cm. at 
O'^C. ; no evidence of superconductivity was 
noticed at l abs. (de Boer and Fast, Z. 
anorg. Chem. 1930, 187, 193). 

The spectrum of hafnium poBsesses a great 
number of lines, the persistent ones being 2513-0, 
2516-9, 2641-4, 2773-4, 2820-2, 2898-3, 2916-6, 
3072-9, 3134-8, 4093-2a. 

Chemical Properties . — Although falling be- 
tween zirconium and thorium in the iieriodic 
classification, hafnium more closely resembles, 
but is more basic than, the former. Its reactions 
with acids, halogens anrl other reagents are 
similar to those of zirconium and it shows a like 
tendency to form complex salts. 

Compounds. 

Hafnium Dioxide (Hafnia), HfOg. — Ob- 
tained by ignition of the hydroxide, oxalate, 
oxychloride or sulphate. It is a diamagnetic 
oxide, 9 68, incandescent at high tempera- 
tures while its melting-point is 3047 ±26° abs. 
Hafnia is an amphoteric oxide and strontium 
hafnato, SrHfOg, has been made (Hoffmann, 
Naturwiss. 1933, 21, 676). 

Hafnium Tetrafluoride, HfF^. — Monoclinic 
prismatic crystals obtained on heating ammonium 
hafnifiuoride, (NH 4 ) 2 HfFg, in a stream of nitro- 
gen at 500°. It may be purified by sublimation 
at 800°, and ^lis process leads to a partial separa- 
tion from any zirconium present (Von Hevesy 
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and Dullcnkopf, Z. anorg. Chem. 1934, 221 , IGl ; 
Schultze, Z. Krist. 1934, 89, 477). When hafnia 
iB disBoIved in hydrofluoric acid and the solution 
is concentrateci, ciystals of the trihydrate 
HfF^jSHgO separate, and these when recryatal- 
lisod several times from water hydrolyse to form 
the oxi/fliwride Hf0F2-2HF,2H20 (Vonlleves}' 
and Wagner, Z. an<jrg. Chem. 1930, 191 , 194). 
Hafnium fluoride very readily forms a series of 
double Halts with alkali and ammonium fluorides 
of the types MglNfF^J and M3[HfF7]; these 
are more soluble in M ater than the corresponding 
zirconium salts. 

Hafnium Chlorides. — Hafnium burns fairly 
readily when lu'ated in chlorine, juodueing the 
tftrar/iloriflf' HfCI^ as a Mhite ciy.stnlline mass 
which can be further purified by sublimation in 
dry hydrogen. It bi'gins to volatilise at 250° 
and any zirconium present will tend to i‘oIlert in 
the fiist portion of the sublimate. The chloride 
is also formed when the oxide is heated in the 
presence of a reducing agent and ihlorine. 
Water hydrolyses it to hnftiyl chloride^ HfOCIj, 
while addition of ether to an alcoholic solution 
of the latter substance yields another oxy- 
chloride^ HfjOgClj.SHjO These compounds 
are less soluble in hydrocliloric acid than the 
zirconium analogues and have been used in the 
separation of the tw'O metals (de Hoer and Fast, 
/.c.). 

Hafnium Oxybromideis formed as glistening 
tetragonal crystals on concentrating a solution 
of hafnia in hydrobromie acid. It is extremely 
soluble in the dilute acid, but increasing con- 
centration of the latter causes a rujiid decrease 
in the solubility. Thus in 0 35^V-HBr at 25° 
the solubility is 3-3 g.-inol. HfOBrg per litre 
while in 13-30 it is 0-0038 g.-mol. (Von Hevesy 
and Wagner, l.r.). 

Hafnium lodide(«rc dc Jlocr, Z. anorg. Chem. 
1926, 150 , 21fl). 

Hafnium Sulphate, made cither by the action 
of fuming suljihiiric acid on the tetrachloride or 
by repeated evaporation of the fluoride with con- 
centrated sulphuric acid, always seems to con- 
tain excess H2SO4 over that required by the 
formula Hf(S04)2. excess can only be 

removed at a temperature (500°) at w-hich the 
salt begins to decompose (Von Hevesy and 
Cromer, ihid. 1931, 195 , 339). 

Hafnium Nitrate. — This salt, mixed with 
tungstic oxide, is employed in making lamp fila- 
monts. The hafnium produced is stated to 
prevent the rocrystallisation of the tungsten 
filamont. 

Hafnium Phosphates. — When a solution of 
hafnyl chloride in 6A^-HCI is added to one of 
disodium phosphate in the same medium a finely 
divided precipitate is produced corresponding to 
the formula Hf0o-P205,2Ha0. This might be 
either Hf(HP04)a.HaOor HfO(HaP04)a, but 
the well-known stability of hafnyl as compared 
with hafnium ions strongly favours the latter 
formula. When ignited, the salt loses 2 mol. 
of water yielding hafnyl metaphosphate, 

HfO(PO,),. 

Hafnyl phosphate is the least soluble of all phos- 
phates in hydrocliloric acid, the soli^ility in GAT- 
acid at room temperature being 0-00009 g.-mol. 


per litre (V^on Hevesy and Kimura, J. Ainer. 
Chem. Soc. 1926, 47 , 2540; Z. angew. Chem. 
1925, 88, 228). 

Hafnium Carbide. — Said to be obtained as a 
grey powder on heating an intimate mixture of 
hafnia and finely divided carbon in a graphite 
tube at 2,000-3, 000°C. or by passing the vapour 
of the tetrachloride together with methane and 
hydrogen over a heated tungsten filament. 

Hafnium Boride has also been prepared 
(Agio and Moers, Z. anorg. Chem. 1931, 198 , 233 ; 
aee aho Vol. II, 44c). 

Hafnium Acetylacetone, Hf(C 5 H 702 ) 4 . — 

Monoclinic cryHtals, m.p. 194-195°, 1-67, 

formed w^hen acetylacetone and dilute soda solu- 
tion are added to hafnyl chloride in water ; the 
product is reerystallised from alcohol. It sub- 
limes slow'ly in a high vacuum at 82° but at 87° 
decomposition sets in. Like zirconium acetyl - 
acetone and unlike the thorium analogue it does 
not combine with ammonia ; it furtht?r re- 
sembles the former in giving a decahydrato 
Hf(C5H7O2)4.10H2O (Von Hevesy and Log- 
strup, Ber. 192G, 59 [B], 1890). 

Jteferenrea. — Georg von Hevesy, “ Das Ele- 
ment Hafnium,” Berlin, 1927; J. W. Mellor, 
“ A (’omprehenHivc Treatise on Inorganic and 
General Chemistry,” Vol. VJI, London, 1927; 
H. Rose, ” Das Hafnium,” Braunschw'i ig, 1926. 

G. R. D. 

HAGLUND PROCESS (Vol. 1. 2086). 

HAIDINGERITE (Vol. II, 2266). 

HAIR DYES (HUMAN). The practice of 
d3'^eing the hair has considerably inorea.sed of 
recent years, particularly since the introduction 
of organu* intermediates such as p-phenylene- 
diaminc which can be oxidised to produce dyes 
on the hair. But the art is reaUy of great anti- 
quit^'^; there are references to it in ancient 
Hebrew, Persian and Roman literature. The 
praidice was common too in ancient Egypt and 
it seems that the use of mineral pigments such 
as kohl, and vegetable colours including henna, 
dates back several thousands of years. 

Although hair has a general composition simi- 
lar to that of wool, its dyeing presents peculiar 
problems because the affinity of human hair for 
dyes is very much less than that of wool, and 
the dyeing qualities of living hair differ some- 
what from those of dead hair. Moreover, it will 
be obvious that only those substances can be 
used which will be effective at temperatures 
below about 37°C. and that the use of markedly 
acid or alkaline reagents wiU be fraught with 
serious consequences. There are three principal 
classes of hair dyes : (i) Inorganic dyes or pig- 
ments ; (li) Vegetable colouring matters ; and 
(iii) Oxidation dyes. 

(i) In this class the most ancient material is 
kohl, the name covering a variety of black pig- 
ments, including charcoal and various forms of 
galena. It is not now used, save perhaps in 
some theatrical make-ups, in which the pigment 
is made into a paste or emulsion with resinous 
materials, gum or gelatin. Lead compounds are 
still used rather extensively, though they are 
more often described as hair restorers. The 
chief ingredients in such mixtiires are lead 
acetate, less commonly lead oxide, emulsified 
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with a sulphur compound — cither colloidal sul- 
phur, sodium thiosulphate or a mixture thereof — 
in the presence of glycerin and oil. The pro- 
portions commonly present may be about 3% 
of lead acetate with an equal quantity of sulphur. 
These mixtures react slowly on the hair and form 
a brown or black coating of lead sulphide, part 
of which is adsorbed into the hair fibres. The 
mode of action is not quite clear, but it appears 
that the sulphur is first adsorbed and later com- 
bines with the lead. Silver forms the basis of 
another series of dyes ; these differ from lead 
mixtures in that they require two separate solu- 
tions, one containing silver nitrate with or with- 
out aminoiiia, and the other containing either an 
alkaline sulphide or a solution of pyrogallol. 
Suljihidc mixtures give light brown shades, while 
the pyrogallol mixtures are darker or even black. 
Risinuth has enjoyed quite a vogue. The basis 
is usually bismuth citrate dissolved in a water- 
alcohol- glycerin mixture, and a separate solution 
contains cholesterol, sulphur and albumin. As 
in the case of the lead pigments, the reactions 
involve changes in the keratin of the hair with 
the liberation of hydrogen sulphide and the 
formation of a black bismuth sulphide on the 
hair. V’arious claims have been made as to 
the function of the cholesterol and albumin, but 
there is no evidence that they participate in the 
reactions. IVeparations based on nickel, cobalt, 
iron, manganese and copper salts also appear in 
the literature, hut arc not in common use, 
though they may, as noted below, be used in 
admixture with henna and other vegetable com- 
pounds. Salts of these metals may be employed 
in conjunction wu'th pyrogallol, with w hich they 
are said to produce good black dyes. 

(li) The principal hair dyes coming within the 
second class, vegetable dyes, are henna, walnut, 
logwood, chamomile and indigo. Ciitch and 
other tannin materials are used to a less extent. 
The dyeing properties of henna (f/.v.) are due 
almost entirely to 2-hydroxynaphthaquinone, 
known also as Lawsone . ; this substance is present 
to the extent of 1-1-5% and acts as an acid dye- 
stuff. It is a pale yellow in acid solution and 
dyes hair a bright orange colour, the shade being 
considerably affected by metallic mordants. 
For use the powdered leaves, about 5 oz. for 
a head, are made into a paste with boiling 
water and applied to the hair for about 15 
minutes ; the presence of a small amount of a 
wetting agent is of advantage. Many com- 
pounded hennas are sold ; these contain copper 
salts, pyrogallol or even p-plienylenedi amine, and 
serve to give much darker shades than are ob- 
tainable from pure henna. Indigo finds use in 
conjunction with henna under the name of 
henna-rang, A mixture of 2 parts of indigo with 
1 part henna gives a browm and 3 parts of indigo 
give a darker brown. For the composition of 
henna pow^der and methods for the determina- 
tion of 2-hydroxynaphthaquinone, see H. E. 
Cox, Analyst, 1938, 63 , 397. Walnut shudes and 
leaves which also find use as a hair dye resemble 
henna in dyeing properties. The active in 
gredient is 6-hydroxynaphthaquinone, juglone ; 
it dyes hair a dark brown but the colour takes 
some time to develop fully. Walnut is applied 
in the form of an extract, or the powdered leaves. 


with or without henna, arc mixed to make a 
paste which can be applied hot. Extract of 
walnut should be freshly prepared as it does not 
keep well; commercial products may contain 
metallic additions, notably silver salts. There 
have been several attempts to apply logwood as 
a hair dye, but it is not very successful unless 
n admixture. The preparations for production 
of a satisfactory colour on the hair from the 
hw'matoxylin present in logwood mixtures usually 
consist olf powders containing the w^ood with 
additions of starch, chestnut or henna, and as 
oxidiser an acid solution of dichromate. Chamo- 
mile flowers {q.v.) contain a rather feeble dye- 
stulT of the fiavono class called apigenin, the 
ghicoMidal constitution of which is described by 
Power and Browning (J.C.S. 1914, 105, 1829). 
For practical application a hot paste made from 
Ijowdcred chamomile flowers diluted with fuller’s 
earth or kaolin is applied to the hair and loft in 
contact wdth it for half an hour or more. The 
colour produced on light hair is a warm blonde ; 
it may be darkened by admixture with henna or 
w'alnut. Chamomile finds more extensive use as 
a shampoo or rinse than actually as a dye. 

(iii) The most interesting development in hair 
dyeing began in 1888 when Erdmann introduced 
the use of p-phenylenediamine, the first and most 
important member of the oxidation class. Since 
that date a very great number of substances 
have been proposed or jiatented which claim to 
possess special merit, or to avoid the one 
disadvantage of p-phenylenediamine, namely its 
occasional irritant effect on the skin. Dye mix- 
tures of this class involve two reagents, one being 
an alkaline solution of the base or bases, usually 
mixed with soap or other wef ting agent and per- 
fume, and the other a solution of hydrogen 
I)croxide or tablets of urea peroxide. These two 
solutions are mixed immediately before use and 
are applied with a brush to the well-w^ashed hair. 
When p-phenylencdiamine is thus oxidised in 
alkaline solution the first product is Bandrow- 
ski’s base (Ber. 1894, 27, 480) possibly with 
quinonediiraine as an intermediate product ; 
this subsequently coridensos with the formation 
of a complex azine in and on the hair fibres (r/. 



H. E. Cox, Analyst, 1934, 59 , 3). When p- 
phenylenediamino is used alone the range of 
colours obtainable is limited to dull brown, greys 
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and black, uiid there is considerable wastage. 
To extend the range and obtain auburn, light 
and dark brown shades, a dihydric phenol is 
added. This is usually resorcinol or catechol, 
but a variety of other compounds may be used. 
In the presence of such phenols the course of the 
reaction is quite diflerent ; there is no formation 
of Bandrowski’s base but of indophenols of a 
red-brown colour, anrl having the oxygen in the 
or^Ao- position to the nitrogen. These indo- 
phcnols further condense to oxazones on the 
hair (rf. Cox, ihtd. ItMO. 65, 393), and produce a 
pleasing variety of hIuuIch. The popularity of 



these mixtures is such that it has been statc'd 
that 10 million packets per aTinuin are sold in 
one European country, and as might bo ex- 
pected, there are many variants of the mixtures 
which give riso to particular colours or for 
wdiich special virtues arc claiiiK'd. The success 
of p-phenylcncdiaiinne as a hair dye is some- 
what ofl’set by the fact that it produces a trouble- 
some dermatitis on some few' individuals 
wdio are idiosyncratic or superscnsitive (r/. 
Ingram, d. Derm. Syph. 1932, 44 , 422; Cox, 
J. Med. Legal Soc. 1937, 123). For this reason 
the substance and its homologue 71-toluylenc- 
fliamine arc included in Part J 1 of tlio Poisons 
Rules in Britain and arc subject to legislative 
restrictions in France, Germany and the U.S.A. 
It is customary, when these dyes are to be used, 
first to make a small patch test on the individual 
and only to proceed if this test indicates that 
no Bupersensitivity exists. Perhaps it is partly 
as a result of this difficulty that intensive search 
has been made for other oxidisable intermediates 
w'hich might have the same or better tinctorial 
power and, in addition, possess all the virtues 
required of the ideal hair dye, viz. (1) it should 
provide a good range of colours and a silky lustre 
on the hair; (2) it must not make the hair 
brittle ; (3) it must not irritate or stain the scalp ; 
(4) it must not fade or produce “ off ” colours; 
and (5) it must not interfere with subsequent 
permanent W'aving of the hair. Of the members 
of the same series p-toluylenediamine is used 
and ^-xylylcnediamine has been suggested. 
Then sulphonic acid groups have been intro- 
duced to reduce toxicity but such compounds 
are of inferior tinctorial pow'er, so also are the 
acetyl derivatives. The methyl-, ethyl- and 
dimethyl-derivatives of p-phenylenediamine are 
very good dye bases but, so far as is known, they 
are not less toxic than the original base. The 


aminophenols, aminoanisolos and aminophene- 
toles are also used ; p-aminophenol will produce 
a good brown. 2:4-l)iaminophenol is also useful. 
Another interesting series includes the nitro- 
amines such as 2-aitro-4-amino- and 2-amino-4- 
nitro-phenol and nitro-p-phenylenediamine ; the 
chemistry of the oxidation of these compounds 
has not yet been elucidated. Various diphenyl- 
derivatives also find use ; such arc the p- 
aminodiphenylamines, pp'-diaminodiphenyl- 
amino and their substitution products and the 
naphthalenediamines. These are also blended 
w'ith a dihydric or trihydric phenol to give the 
required range of colours. Any of these com- 
pounds may bo present in mixtures together 
W'ith a number of other substances whose names 
appear in the now voluminous list of patents. 
Ready-formed synthetic dyes may also bo 
present. 

In view of w'hat has been said it is clear that 
no simple methods of analysis can be pre- 
scribed which will cover all cases. Mixtures will 
contain in addition to the foregoing bases suit- 
able quantities of wetting agents, ammonia, 
soaps or sulphoriated compounds, perfumes and 
sometimes glycerin or oils. Before appljdng 
sjiecific tests therefore it is necessary to separate 
the ingredients, as diamines form addition com- 
pounds with dihydric phenols and various inter- 
actions are possible m the solutions, thus 
rendering colour reactions most unreliable. 
Much can be effected by judicious selection ot 
solvents ; petroleum spirit extracts any fat 01 
fatty acids from the acidified mixture and subse- 
quent treatment with ether will remove most of 
the dihydrie phenol, after which addition of 
alkali in the presence of a mild reducing agent 
will enable any diamine to be extracted. These 
various fractions can bo further separated and 
examined. In checking by means of nitrogen 
determinations it should bo borne in mind that 
some of these derivatives give markedly low 
results with the Kjcldahl process. J. Carol 
(J. Assoc. Off. Agr. Chem. 1940, 23 , 821) gives a 
good method for the separation of p-phenyleno- 
dianiino in such mixtures. 

In general finished dyes such as are useful for 
textiles have verj' limited affinity for living hair 
under the conditions which must be observed in 
hair dyeing. There are, however, considerable 
numbers of tinting mixtures or rinses which find 
extensive use for fancy purposes. It is im- 
portant that dyes used for this purpose should 
be of a good degree of purity. 

I{eferp,nce8. — Redgrove and Bari - Woollss 
“ Hair Dyes and Hair Dyeing,” W. Heinemann, 
Ltd., London, 1939, and various papers by Cox 
(i.c.). H. E. C. 

■« HALARSOL " (Vol. I, 4896). 

*« HALAZONE (Vol. IV, 20c). 

HALBERG-BETH system of dry gas- 
cleaning (Vol. V, 377). 

HALF VALUE PERIOD. This term (or 
the equivalents ” half life period ” and ” half 
time ”) is used with reference to processes which 
take place at a measurable speed, and represents 
the time necessary for some quantity which is 
being measured to decrease to one-half of its 
original value. The commonest case is that of 
a chemical reaction, where the half value period 
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(H.V.P.) te the time necessary for the concentra- 
tion of one of the initial reactants to be reduced 
to one-half. If, as is often the case, the course of 
the reaction is being followed by measuring the 
value of some property {e.g. pressure, volume, 
colour, conductivity, etc.) which is proportional 
to the concentration of the reactant, then the 
H.V.P. is also equal to the time necessary for 
this value to become halved. This criterion is 
often applied to radioactive changes, where the 
activity of the 8|K*cimen is the property mea- 
sured; similarly, in a racemisation the H.V.P. 
is the time required for the initial optical 
rotation to become halved. 

The dependence of the H.V.P. on the initial 
concentration, and its relation to the velocity 
constant, depend on the kinetic order of the 
change. If a is the initial concentration of the 
reactant and x its concentration after time 
then for first order reactions (which include 
simple radioactive changes) 

dz , (I 1 

= ti<=loge-, 

HO that the H.V.P. is independent of the initial 
concentration and inversely proportional to the 
first order constant In this case the reaction 
velocity can be defined equally well by cither k^ 
or and in the case of radioactive changes the 
latter is more often used. For a second order 
reaction^ 


d< ’ 


* X a 


The H.V.P. is now inversely proportional both 
to the initial concentration and to k^. In 
general, for a reaction of the nth order (n>l), 

2n-i_i 

Thus, for all reaction orders, the H.V.P. of a 
reaction of the 7ith order is inversely proportional 
to where a is the initial concentration (or, 
in the case of a gas, the initial pressure). The 
dependence of the H.V.P. upon the initial con- 
centration or pressure can thus be used as a 
method of determining the kinetic order of a 
change, though it is usually desirable to supple- 
ment this by measurements on the course of 
single rcftctions. 


pits or etched figures are reatlily produced on 
the cube faces by solution. Silky, fibrous 
masses also occur. But most freipiently the 
mineral is found as granular or sparry masses 
with bright cleavage surfaces. This perfect 
cleavage, parallel to the faces of the cube, is an 
important character. In addition, the crystals 
sometimes break along surfaces (glide-planes) 
parallel to the rhoiiibic-dodccahcdrori. This 
effect is, however, secondary, and is only pro- 
duced after the crystal has been subjected to 
pressure, either naturally by earth movements 
or by artificial means. If a cleavage cube of 
salt be placed diagonally in a vice so that two 
cube edges are held by the jaws, it can be 
broken in this direction. The plastic deforma- 
tion of rock-salt and the porcussion-ligure (a 
four-rayed star with the rays parallel to the 
diagonals of the cube face, which is produced 
on a cleavage Hiirfac(3 by a smart blow with a 
blunt point) also depend on the presence of 
these planes of gliding. 

Crystals are usually colourless and trans- 
parent, but ociiasionally they an5 of a deep blue 
or violet coloiii. This colour disappears when 
the salt is dissolved in water or wht^n heated ; 
and it can be produced artificially by the vapour 
of alkali metals or by the action of cathode or 
radium rays. It has been variously ascribed to 
the presence of metallic sodium, sodium sub- 
chloride, Na 2 CI, or sulphur. Sp.gr. of pure cry- 
stals, 2*17 ; hardness 2^ ; specHic heat, 0*219. 
The mineral is a non-conductor of electricity and 
is highly diathermanous. It is therefore used as 
blocks and lenses for exj^eriments on radiant 
heat. The best crystallised material is obtained 
from Stassfurt in Prussia, and from Wieliczka 
and Kalusz in Poland ; good, clear cleavage 
blocks have been found at Meadowbank in 
Cheshire. Crystals are very nearly pure sodium 
chloride, and mixed crystals with potassium 
chloride (sylvitc) do not occur. Massive material 
contains impurities of various kinds. A variety 
known as huantajayite^ containing AgCI 11%, 
is found as small cubes at Huantajaya near 
Tarapaca in Chile. 

Rock-salt is most frequently found as bedded 
deposits in sedimentary rocks, such as sandstone, 
shale, clay and, less often, bmostone, and is 
frequently associated with beds of gypsum and 
anhydrite, and sometimes with petroleum. Such 
deposits have evidently been formed in inland 
seas and lakes under desert conditions ; they 
are of world-wide distribution and are met with 
in formations of all geological periods, as 
indicated below : 


R. P. B. 

HALITE or ROCK-SALT (Fr. Set gemme ; 
Ger. Steinsalz). Sodium chloride, NaC I, crystal- 
lised in the cubic system. Although known as 
a mineral since remote times and of very wide 
distribution, the name halite (from dXs^ salt) 
is comparatively recent (E. F. Glocker, 1847). 
Well-developed crystals wdth the form of simple 
cubes are not uncommon, but those of octa- 
hedral habit are quite rare. The faces of the 
cube sometimes show sunken depressions, 
though not so marked as in the hopper- shaped 
crystals produced artificially. Small square 


(j<;olo(ilrul 
formation H. 

T.ocalltlcH. 

Recent 

Dead Sea, Caspian Sea, Great 
Salt Lake of Utah, California, 
etc. 

Pliocene . 

Volterra in Tuscany, Parajd 
in Transylvania. 

Miocene . 

Wieliczka and Kalusz in Poland, 
Bukovina, Minglanilla in 

• 

Spain. 
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Geological 

formatlona. 


Localitics- 


Oligocene . 

Eocene 

CretaceoiiH 

fXuraaHic 

TriaHflic — 
Keuper , 


MuBchclkalk 
Buutor . 
Permian . 


Carboniferous 

Devonian . 
Silurian 
Cambrian . 


Eastern Carpathians in Tran- 
sylvania, Wittclsheim in Al- 
sace. 

Cardona near Barcelona, Cau- 
casus, Rumania. 

Vnna in Westphalia, Medea in 
Algeria, Texas, Louisiana, 
l*eru. 

Bex in Switzerland, Roden burg 
in llesse-Nassau, Peru. 

Cheshire, Worcestershire, Lan- 
cashire, north-east York- 
shire, Durham, Isle of Man, 
Antrim, Pyrenees, Lorraine, 
Celle in Hanover, Berchtos- 
garden in Bavaria, Hall in 
Tyrol, Hallein in iSalzburg, 
Ischl and Hallstatt in Upper 
Austria, Aussee in Styria. 

Fricdrichshall in Wurttomberg, 
Ernsthall in Thuringia. 

Schoningen in Brunswick, 
Arnshall in Thuringia. 

Stassfurt, Halle, etc., in Prus- 
sian Saxony, Artern in 
Thuringia, Sperenborg near 
Berlin, Segeberg in Holstein, 
Inowrazlaw in Posen, Oren- 
burg in Russia, Kansas. 

Pennsylvania, Virginia, West 
Virginia, Michigan, Ohio, 
New Brunswick, Nova Scotia. 

Wc'stphalia, Baltic provinces of 
Russia, Siberia, China. 

New York, Michigan, Ohio, 
Ontario. 

Salt Range in Punjab. 


In addition to these bedded deposits of rock- 
salt, which are the only deposits of cc-onoraic 
importance, mention may be made here of some 
other modes of occurrence. The microscopic 
cavities present in vast numbers in the (piartz of 
granitic igneous rocks often contain minute 
cubes of halite together with water and liquid 
carbon dioxide. The saline encrustations of 
active volcanoes {e.g. Vesuvius), produced either 
by direct sublimation or by the action of acid 
vapours on the scoria, contain sodium and potas- 
sium chlorides, usually in a powdery form, but 
occasionally as distinct crystals of halite and 
sylvite. 

References . — For a detailed risumi of the 
mineralogical characters and occurrence of 
halite, see C. Hintze, “ Handbuch der Minera- 
logie,” Leipzig, 1911, Vol. I, pp. 101-231; on 
the deposits worked commercially, see J. O. von 
Buschman, “ Das Salz, dessen Vorkommen und 
Verwertung in s&mtlichen Staaten der Erde,” 
2 vols, Leipzig, 1906-9 ; A. F. Calvert, “ Salt in 
Cheshire,” London, 1915. 

L. J. S. 

HALLOY8ITE. A clay-mineral with ap- 
proximately the composition of kJblinite {q.v.) 


but containing rather more water (about 19%). 
It forms compact masses with a slight greasy 
feel and lustre, and may be white, grey or shades 
of various colours ; sp.gr. 2‘0-2-2 ; hardness 1-2. 
It occurs as beds in sedimentary rocks and as 
masses in mineral-veins, and has sometimes been 
observed as a decomposition product of granite 
and other rocks containing felspar. Possibly 
the minute amorphous granules of china-clay 
and some other clays may be referable to this 
species. (^S'ce H. Ries, “ Clays, their Occurrence, 
Properties and Uses,” 3rd ed., 1927 ; also Vol. 
Ill, 196o). 

L. J. S. 

HALOGEN ACETIC ACIDS. Deriva- 
tives of acetic acid in which the hydrogen of the 
methyl group is partly or wholly replaced by a 
halogen. 


Chloboaoetig Acids. 

Monochloroacetic Acid, CH 2 CI COOH. — 
The acid may be prepared by passing chlorine 
into 100 g. glacial acetic acid, 1 g. iodine, 2 g. 
red phosphorus and 2 g. phosphorus penta- 
chluride at lOO'^ contained in a flask fitted with 
a leading tube, a condenser and mechanical 
stirrer (Bruckner. Amer. (-hem. Abstr. 1030,24, 
01 ; Lyubarskii, ibid. p. 827 ; Shilov, ibid. p. 827). 
Sulphur, phosphorus, sulphur monochloride and 
acetic anhydride may also be used as catalysts 
(U.S.P. 1757100). Many patents protect the 
preparation from trichloroethylene by heating 
with sulphuric acid (U.S.P. 1304108, 1322898; 
B.P. 132042; see aho J.S.C.l. 1922, 41 , 191r). 
a-Trioxymothylene and sulphuryl chloride at 
170® in the presence of zinc chloride also give 
the a-acid (Fuchs and Katscher, Bcr. 1924, 
57 [Bl, 1250). 

The acid crystallises in three modifications : 
a-, prisms, rn.p. 61-3”; /3-, plates, m.p. 66‘18°; 
y-, m.p. 50-20® (Muller, J. Physical Chem. 1914, 
86, 197) ; b.p. I 89777 mm., 104-105®/20 mm. ; 

1-3518 (Grinakowski, Chom. Zentr. 1913, 
II, 2076). For hydrates, see Colics (J.C.S. 1906, 
89 , 1252) ; heat of solution, Pickering {tbid. 
1895, 67 , 065) and Louguiiiine (Ann. Chim. 
Phys. 1879, [vj, 17 , 251) ; heat of combustion 
171 -0 kg. -cal., Berthelot (Ann. Chim, Phys. 
1893, [vi], 28 , 567) ; electrical conductivity, 
Kortright (Amer. Chem. J. 1896, 18 , 368) ; 
magnetic rotation, Perkin (J.C.S. 1896, 69 , 
1236) ; for the esterification velocity con- 
stant, see Sudborough and Lloyd {ibid. 1899, 
75 , 476) ; for electrolytic dissociation constant, 
K=l-55x 10“®, see Ostwald (Z. phygikal. Chem. 
1889, 3 , 176). 

The acid is soluble in cold water, but decom- 
poses on heating the solution into hydrochloric 
and gly collie acids (Buchanan, Ber. 1871, 4, 340, 
863; Fittig and Thomson, Annalen, 1880, 200, 
75 ; Senter, J.C.S. 1907, 91 , 460). Metallic 
hydroxides of the type R'OH decompose it, 
yielding glycollic acid, whilst those of the type 
R''(0H)2 yield diglycollic acid (Schreiber, J. pr. 
Chem. 1876, [ii], 13 , 346). The anhydride is 
produced by distilling the acid in vacuo with 
phosphorus pentoxide (Bischoff and Walden, 
Ber. 1894, 27, 2949). With ammonia glycine is 
produced (Kraut, Goldberg and Kunz, Annalen, 
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189L 260, 296), and phenols in the presence of 
alkali give aryloxy-acetic acids (Giacosa, J. pr. 
Chem. 1879, [ii], 19, 396). 

By reaction with sodium sulphide and sul- 
phur in alkaline solution, dithioglycolli'c acid is 
produced which on reduction yields thiogly collie 
acid (G.P. 180876; J.C.S. 1907, 92, i, 1008). 
The sodium salt or the ethyl ester reacts with 
potassium cyanide to yield the corresponding 
derivatives of cyanacetic acid (Phelps and Tillot- 
son, Amer. J. Sci. 1908, [iv], 26, 267. 275). 
The acid chloride^ b.p. ca. 106°, d® 1-496 (Wurtz, 
Ann. Chim. 1867, [iii], 49, 61) may be pi-cpared 
from the acid and tliionyl chloride (tie Barry 
Barnett, Chem. News, 1921, 122, 220). The use 
of methyl (b.p. 133'^), ethyl (b.p. 143-145°), 
isopropyl (b.p. 147-156°) and scc-butyl (b.p. 
165-170°) esters as fumigants has been investi- 
gated (Roark and Cotton, Ind. Eng. Chom. 
1928, 20, 513 ; Nelson, ibid. 1380). The esters 
are obtained by passing the vapour of the 
alcohol, or a mixture of the alcohol and acid, 
through the molten acid, Ti, Th or A I salts 
promoting the reaction (Jap. P. 43731). 

Dichloroacetic Acid, CHCljCOOH. — 
This acid may be prepared in 80-85% yield by 
the action of copper powder on trichloroacetic 
acid ill water or benzene (Doughty, J. Amer. 
Chem. Soc. 1926, 47, 1091; 1931, 63, 1594); 
or by the interaction of sodium cyanide (2 mol.) 
and chloral hydrate (1 mol.) in boiling aqueous 
solution, acidifying and extracting (A. 1929, 63). 
Also from asymmetric dichloroacetone with 
nitric acid (U.JS.P. 2051470; Chem. Zentr. 1936, 
II, 3468). 

Colourle.sH liquid, b.p. 194°; ]44°/164 mm.; 
125770 mm.; 102°/20 mm.; 9471 1 mm. 

6-14 xlO-*. 

Methyl A’5/cr.— B.p. 143-144"; 49-8-50°/2 

mm. 

Ethyl Eater. — B.p. 158°. Prepared by treating 
chloral in alcoholic solution with potassium 
cyanide (Chattaway and Irving, J.C.8. 1929, 
1038) or from alcohol and dichlorovmyl ethers 
(G.P. 209268, 210502, 212592; J.C.S. 1909, 96, 
1, 453, 694, 873). 

T richloroacetic Acid, CCI3 COOH. — Pre- 
pared by chlorination of acetic acid at 120° in 
the presence of sulphur, phosphorus or iodine as 
catalyst ; or by the oxidation of chloral with 
fuming nitric acid (Kolbe, Annalen, 1846, 64, 
183) or chromic acid (Clermont, Compt. rend. 
1873, 76, 774) or potassium permanganate 
(idem., ibid. 1878, 86, 1270). 

■ Deliquescent ciystals, m.p. 68°, b.p. 196-5' 
141-142726 mm. A=l-2; sp.gr. 1-6298 at 
60-6°. Heat of combustion (constant pressure) 
92-8 kg. -cal. (Berthelot, Ann. Chim. Phys. 1893, 
[vi], 2®, 669). Electrical conductivity (Rivals, 
Compt. rend. 1897, 126, 274 ; Ostwald, Z 
physikal. Chem. 1887, 1, 100; 1889, 8, 177) 
The acid is readily hydrolysed to chloroform 
and carbon dioxide by heating with water or 
alkalis (Dumas, Annalen, 1839, 82, 101). 

The acid has been used with success as e 
protein precipitant (Cristolcf oZ., Bull. Soc. Chim 
biol. 1922, 4 , 267) and also in toxicology for the 
isolation of alkaloids which might bo destroyed 
by Bulphuiio acid (Florence, Bull. Soc. chim, 
1927, [iv], 41, 1097). Its distribution co 


efficients between water and various organic 
solvents have been determined (Aiidemon, A. 
1929, 998) and also its solubility in different 
solv'ents (Kendall, Davidson and Adler, J. 
Amor. Chem. Soc. 1921, 43, 1487). Treatment 
with zinc in aqueous solution gives a quantita- 
tive yield of zinc dichloroacetate (Doughty, 
bid. 1929, 61, 852). The sodium or zinc salt 
yields on electrolysis trichloromethyl trichloro- 
acetate (Elbs and Kratz, J. pr. Chem. 1897, [iij, 
66, 602). It forms compounds with aldehydes 
and ketones (Koboseff, J. Russ. I*hya. Chem. 
Soc. 1903, 36, 652; Plotrikoff, ibid. 1904, 36. 
1088; 1905, 37, 875; Ber. 1906, 39, 1794). 
For molecular compounds of trichloroacetic acid 
with alcohols, phenols and ethers, see Piishin 
and Rikovski, Annalen, 1935, 616, 280. 

The acid has been shown to undergo the 
Reimer-Tiemanii reaction w'lth phenols, but the 
yields are poor (Van Alphen, Rcc. trav. Chim. 
1927, 46, 144). 

Methyl Eater. — B.p. 162-3-1. 52-57763-3 mm. 
(Schiff, Z. physikal. Chem. 1887, 1, 379 ; Ans- 
chutz and Haslam, Annalen, 1889, 268, 124); 

1-4892 (Henry, J.C.S. 188.5, 48, 1121). 

Ethyl Ester. — B.p. 164°; 1-309 (Claus, 

Annalen, 1878, 191, 58; Briihl, ibid. 1880, 203, 
22 ; Sehitt*, ibid. 1883, 220, 108). 

The cobalt, manganese and eadiiiium salts of 
the chloroacetic acids have been prepared by 
neutralising the acid with the metal carbonate 
and evaporating in a vacuum desiccator (Amer. 
Chem. Abatr. 1929, 23, 3900), and also the uranyl 
salts (A. 1920, 372). 

Bromoacetic Acids. 

Monobromoacetic Acid, CHgBr-GOOH. 
Prepared in 80% yield from 20 g. acetic acid, 
58 g. bromine and 0-4 g. red x^hosphorus as 
catalyst, at 100-1 05*^' (Amer. Chem. Abstr. 1922, 
16,2842); m.p. 60° ; b.p. 20.3° ; 1687260 mm.; 
II87I6 mm. ; ^=1-38 x lO ® at 25°C. For elec- 
trical conductivity, ace Ostwald, Z. physikal. 
Chem. 1889, 3, 178 ; Kortright, Amer. Chem. J. 
1896, 18,368. 

The aqueous solution decomposes slowly on 
heating, giving glycollic acid (Senter, J.C.S. 
1909, 96, 1828). The sodium salt heated in 
vacuo yields glycollide. Much work has been 
done on the x’hysiological action of the acid and 
its esters. 

Methyl Eater. — Prfqiared by heating the acid 
and alcohol in scaled tubes at 100° (Perkin and 
Diippa, Annalen, 1858, 108, J09); b.p. 144° 
with decomposition. 

Ethyl Eater. — Prepared as the methyl ester or 
from ethyl alcohol and bromoacetylchloride (Gal, 
Annalen, 1864, 132, 179) ; b.p. 159°. 

P’NUrobenzyl Eater has m.p. 88-89°. 

Dibromoacetic Acid, CHBrj-COOH. — 
May be prepared by dropping bromine into boil- 
ing acetic acid to which 6% of sulphur has been 
added, and finally raising the temperature to 
160° (Genvresse, Bull. Soc. chim. 1892, [iii], 
7, 365 ) ; m.p. 48° ; b.p. 232-234° (with decom- 
position) ; 195-197°/260 mm. Easily soluble in 
water and alcohol. 

Ethyl Eater. — Prepared from anhydrous sodium 
acetate (1 mtfl.), bromalcyanhydrin (1 mol.) 
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and absolute alcohol (Klebs, Z. pbyaikal. Chem. 
1896, 19 , 303) ; kp. 192-194%- 120-121774 mm. 

Tribromoacettc Acid, CBr^ COOH. — Pre- 
pared by gently wanning bromal with fuming 
nitric acid and allowing the mixture to stand for 
1 hour (Schaffer. Her. 1871. 4, 370). 

Monochnic pnsmH, in.p. ISO”, b.p. 245° (with 
decomposition). Tlie acid is decomposed by 
water to give brornoform and carbon dioxide 
exclusively (i)c (ilroote, Bull. Soc. chim. Bolg. 
1928. 87 . 225). 

A'lhyl EMer. — rrei)ar(‘d by passing hydrogen 
chiorido into a cool(‘d alcoholic solution of tn- 
bromoaccLic acid (Brochc, J. pr. Chem. 1894, 
[li], 60, 98); b.p. 225"; 148773 mm. 

CllLOEOBROMOACETIC AoiDS. 

Chlorobromoacetic Acid, 

CHClBrCOOH. 

Prepared by heating cquimolecular quantities 
of monochloroacetio acid and bromine in sealed 
tubes at 100° (Cecil and Steiner, Ber. 1875, 8, 
1174). Also ])repan‘d by the hydrolysis of the 
acid <‘hloride obtained by the action of bromine 
on a/l-diehlorovinyl ether (Backer and Mook, 
1928, 2125). Also by heating chloro* 
bromoinalonie acid at 130° until evolution of 
COa eeases (Head and McMath, ibid. 1926. 
2183); m.p. 3i r)°, b.p. 214-5° (doeomp.), 103- 
104°/ll mm. (Backer and Mook, ?.c.); m.p. 38° 
(Read and McMath, /.c.) ; b.p. 210-212° 
(Vandorsticliele, tlnd. 1923, 123 , 1227). It is 
extremely deliquescent. Backer and Mook 
(/.c.) completed the re.solution of this acid, em- 
ploying quinine for isolating the dextro and 
brucine for isolating the hevo isomer, respec- 
tively. 

Amide, m.p. 12(5°. Ethyl cMer, b.p. 174°. 
Phenyl ester, m.p. 4(5-5°, b.p. 26(5° (Crompton 
and Tnffitt, ibid. 1921, 119 , 1874). 

Monochlorodibromoacetic Acid, 
CClBraCOOH. 

Prepared by heating nionochlorodibromoaect- 
aldehyde with fuming nitric acid (Neumeister, 
B(;r. 1882, 15 , 603); m.p. 89°; b.p. 232-234° 
(with decomposition). Potassium hydroxide 
converts it, on heating, into monochlorodibromo- 
methane. 

Dichloromonobromoacetic Acid, 

CClgBr COOH. 

Prepared from dichloromoiiobromoacetaldohydc 
and fuming nitric acid (Neumeister, ibid. 1882, 
15 , 003) ; m.p. 04 ; b.p. 215° (decomposition). 

loDOAOETio Acids. 

Monoiodoacetic Acid, CHjI-COOH. — 
Prepared from moiiochloro- or monobromo- 
aeotic acid and sodium iodide in acetone (G.P. 
230172, Chem. Zentr. 1911, 1, 359), or from 
potassium iodide and chloroaeetic acid in water 
at 50° (Kalian and Jungermann, ibid. 1934, II, 
3240). Also by hydrolysis of the ethyl ester 
iq.v.) with baryta water (Perkin and Duppa, 
AnnaJen, 1859, 112 , 125) ; m.p. 82°. 

Ethyl Ester. — Prepared by the interaction of 
ethyl chloro- or bromo-aoetate, potassium iodide 
and aloohol (Perkin and Dup^a, Lc.) ; b.p. 


69° /12 mm. ; 75-78° 116 mm. The acid and its 
ester possess marked poisonous properties 
(Chlopin, Amer. Chem. Abstr. 1928, 22, 127, 
649). 

Methyl Ester. — Prepared in a manner analogous 
to the ethyl ester; b.p. 169-171°. Bee~Octyl 
Ester, b.p. 146°-147/17 mm. (Rule and Mitchell, 
J.C.S. 1925, 3202). 

The neutral ammonium salt (McMaster and 
Pratte, J. Amer. Chem. Soc. 1923, 45, 2999) and 
a basic ferric salt (A, 1926, 949) have been 
prepared. 

Di-iodoacetic Acid, CHIj-COOH. — Pre- 
pared by the interaction of 1 part of malonic acid 
with 1 part of iodic acid in 4 parts of water; 
carbon dioxide is evolved ; the solution is cooled, 
filtered and allowed to stand. After 2 or 3 days 
crystals of tri-iodoacetic acid separate ; these 
are filtered off and, after heating the filtrate, the 
di-iodo compound separates on cooling ; m.p. 
110° (AngeU, Ber. 1893, 26 . 596). 

Ethyl Ester. — Prepared by the interaction of 
ethyl dibromoaeefcate and potassium iodide in! 
alcoholic solution (Perkin and Duppa, Annalen, 
1861, 117 , 351), or of ethyl dichloroacctate and 
calcium iodide (Spindlcr, ibid. 1885, 231 , 273). 
Yellow liquid, which cannot be distilled un- 
changed under atmospheric pressure. 

T ri-iodoacetic Acid, C la-COOH. — Forpre- 
paration, see di-iodoacetic acid. Yellow plates, 
m.p. 150° with decomposition. By heating with 
acetic acid, iodoform and carbon dioxide are 
produced. 

Fluoroacetic Aoid.s. 

Trifluoroacetic Acid, CF^-COOH. — Pre- 
pared by the oxidation of trifluorotoluidine 
(Swarts, Bull. Acad. roy. Belg. 1922, [v], 8, 343 ; 
Chem. Zentr. 1923, 111, 918). 

For the })reparation of the ethyl ester (b.p. 
126°) of trifluoroacetic acid, see Ray and Ray, 
ibid. 1937, I, 3(527. Electrolysis of trifluoro- 
acotic acid gives hcxafluorocthano (Swarts, Bull. 
Acad. roy. Bclg. 1931, [v], 17 , 27). Treatment 
of the silver salt m ice-cold 30% solution in 
benzene with iodine gave the anliydride (Swarts, 
Amer. Chem. Abstr. 1930, 24 , 589). 

Ethyl Fluorodibromoacetate. — Prepared by 
the reaction of I mol. ethyl tribromoacetate and 
4 mol. silver fluoride at 190-200°. It is an in- 
soluble liquid and readily hydrolysed by water 
(Rathbury, Ber. 1918, 61 , 669). 

HALOTRICHITE, 

FeS04-Ala(S04)a-24Ha0, 

occurs naturally as silky, fibrous, efflorescent 
masses of a yellowish-white colour ; named 
from oA;, salt, and Opl^, rplxos, hair. It 
results by the action of the products of decom- 
position of pyrite on surrounding aluminous 
rocks, as at Hurlet and Campsie near Glasgow ; 
and also by the action of volcanic gases on rocks, 
as at the Solfatara di Pozzuoli near Naples, 
and in Iceland, where a variety called “ hver- 
salt is found. A large deposit occupies the 
crater of an extinct volcano near the source of 
the Gila river in Grant Co., New Mexico. At 
Urmia in Persia the mineral has been used for 
making ink. 

L. J. S. 
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HALOXILINE (Vol. IV, 4636). 
HALPHEN-HICKS REACTION (Vol. 
HI, 295a). 

HALPHEN TEST (Vol. II, 1676). 

HALVORSAN PROCESS (Vol. I, 268c). 

HAMAMELIN. {Extract of Hamarnelia 
B.P.C.) A solid extracted by alcohol from the 
dried leaves of Harmindia virginiana Linn, 
and used in medicine as an astringent, princi- 
pally in the treatment of piles. The drug occurs 
in the form of a green or almost black powder ; 
the brown substance formerly appearing in com- 
merce under this name was prepared from hama- 
melis bark. Berry (Pharm. J. 1936, 2, 247) 
suggested improvements in manufacture to en- 
sure maximum solubility and activity. 

A. D. P. 

HAMAMELIS. The dried leaves of the 
witch-hazel, Unmamcha virginiana Lmn., a 
shrub indigenous to North America. The drug 
contains tannin^ gallic acid and a trace of a 
volatile oil. Liquid and solid extracts prepared 
from the drug are used in medicine as astrin- 
gents (i;. Hamamelin). 'J’he fresh leaves of the 
witfh-hazcl are used to pre])are a distilled ex- 
tract {Liquor Jiamamciidi.s B.P.C. ). a weakly 
alcoholic, colourless liquid, possessing the cha- 
rncteristic odour of witch-hazel, but practically 
devoid of tannin. It i.s used externally in 
medicjiial and cosinetie iqiplications lor the 
treatment of sunburn and otlit^r skin troubles. 
Ffamamdia hark {IlamamcUdis Cortex B.P.C.) 
IS no longer an odieial pharmacopoMcal <lriig, but 
IS still used ill medicini; in the form ol a t incture 
{Tinciura 1 1 am am e lid i a B.P.(>.). The bark con- 
tains about 6% of tannins, including crystalline 
linmamelitannin, gallic acid, resin, fat and 
phifiosterol. For description ol hamamelitannin 
and its derivatives, .vcc Freudenberg and 
bliimiiiel (Annalen, 1924, 440, 45); Sehinidt 
{ifnd. 1929, 476, 250). 

A. 1). P. 

HAMAMELOSE (Vol. 11, 288</). 

HAMBERGITE (Vol. 1, 68.5a). 

HAMLIN ITE (Vol. V, 26;ir). 

HANSA YELLOWS (Vol. IV, 235a). 

HARDEN AND YOUNG ESTER(Vol. V, 

20^/, 22rf). 

^ HARDENED OR HYDROGENATED 
FATTY OILS. The scarcity of natural solid 
fats compared with the relative abundance of 
liquid oils is one of the outstanding feature.^ of 
the fatty oil trades. This unequal distribution 
has caused a greater value to bo attached to the 
•solid fats, and, with increasing demand for 
edible oils, there has arisen a desire for methods 
of producing solid fats from liquid material. 
Chemically the main difference between these 
two classes of fatty product is n preponderance 
of saturated long chain fatty acid esters (glyce- 
rides) in the sohd fats and of correspon^ng 
urisaturated compounds in the oils. 

The successful reduction of the unsaturated 
esters by catalytic hydrogenation is probably 
the most important development in the oil 
industry of the last 30 years. Prior to the intro- 
duction of this process various methods had 
been tried, Varrontrapp’s reaction forming the 
basis of one of the most interesting. According 
to this oleic acid is converted to palmitic acid by 
Vol. VI .— 12 


fusion with alkali hydroxide. In practice the 
process was limited to the treatment of fatty 
acids and was not applied to neutral glycerides. 
It yielded material of poor colour and the large 
volumes of hydrogen liberated were a source of 
danger. 

Schmidt’s process of heating oleic acid with 
zinc chloride at 185° requires a distillation of the 
product, and this is attended by partial decom- 
position of the /8-hydrox3"stearic acid formed 
in the reaction, into oleic and isooleic acids. 
Better results were obtained by methods in 
which oleic acid was treated with sulphuric 
acid at a low temperature, and the resulting 
sulphonated compound decomposed by means 
of M^ater into hydroxystearic acid and free 
sulphuric acid. By distillation of the hydroxy- 
stearic acid a mixture of oleic acid and its 
solid isomeride taooleic acid was obtained, the 
latter lioing of commercial value as a candle 
material. 

In 1897 Tissier (F.P. 263168, 1897) claimed a 
proce.ss of converting oleic acid into stearic acid 
by means of the nascent hydrogen liberated 
when fats are heated, in an autoclave, with 
water and finely divided zinc ; but Freundlieh 
and Rosaiier (C’hem.-Ztg. 1900, 24, 566) found 
that the process did nob produce the results 
claimed for it. 

Electrolytic methods of hydrogenating oleic 
acid arc claimed in the patents of Magiiier, 
Brangier and Tissier (B.P. 3363, 19(K)) and of 
Remptinne (B.P. 1572, 1905). Aiscording to the 
latter, oleic acid is spread in a thin layer on 
metallic plates, bctM ccn which is passed a silent 
fliscliarge, whilst the air in the vessel is replaced 
by hydrogen. Under these conditions hydrogen 
IS absorbed, with the formation of a considerable 
proportion of steane acid and other substances 
of higher melting-point, and the process is 
repeated until about 20-30% of the oleu! acid 
has been converted. The solid products are 
then separated by chilling and filtering the 
mixture. 

Better yields were obtained in Boehringer’s 
process (G.P. 187788, 189332, 1906) in which the 
cathodes consisted of platinum coated with a 
layer of spongy platinum, or palladium coated 
w ith palladium black. 

These methods are of historic, rather than 
])rattieal, interest and their application on a 
commercial scale has not achieved notable or 
lasting Biiceess, later catalytic methods having 
proved to be superior. Recently, however, 
attention has again been directed to methods 
of converting olein to elaidin or other t^ooleins 
as a means of hardening oils. A process of S. H. 
Bertram (Ole, Fotte, Waclisc, Seife, Kosinctik, 
1938, No. 7, 1-4) claims that the conversion 
may be accomplished by means of 01-1% of 
Bolcniuin at 150-240°C. with formation of a 
product of satisfactory colour. 

Development of Hvdboqenation 
Processes. 

The modem methods of catalytic hydrogena- 
tion are based on the investigations of Sabatier 
and Sonderens, who showed that the urisaturated 
bonds in organic compounds could be made to 
combine with dry drogen by passing a mixture 



]78 


HARDENED OR HYDROGENATED FATTY OILS. 


of gases, e.g. ethylene or acetylene mixed with I 
hydrogen, over heated finely divided nickel ; | 
cobalt, iron and platinum were lesB effective ' 
(Compt. rend. 1897, 124, 1358; 1899, 128, 

1173 ; im 130, 1«28, 17fil ; 131, 40, 187). 

A German pat(*nt for the hydrogenation of 
oils on these lines was taken out in 1902 by 
Le Prince and Siveke, G.I’. 141029, whilst in 1903 
Normiinn (11. P. 151.5, 1903) claimed a process of 
catttlyt Rally hydrogenating oils either in the 
form of vapour or as liquid. He stated, for 
example, that by suspending nickel powder in 
olcic acid luuited in an oil bath, and passing a 
f urrt‘nt of h 3 Rlrogen, or of a gaseous mixture rich 
in hydrogen, through the liquid, the oleic acid 
could be cf)m])letely converted into stearic acid. 

Sabatier (.Ann. Chirn. Phys. 1909, [viii], 16, 
73) convtirt.ed oleic acid vapour into stearic 
acid by means of hydrogen and nickel, but 
believed that the vapour state was necessary for 
the reaction. 

Successful technical hydrogenation of fats 
dates from the Normann patent. As was in- 
evitable many difficulties were encountered in 
developing the method and it w'as not until the 
process was acquired by Joseph Grosfield & Sons 
of Warrington that it became, with I)r. Ner- 
mann’s assistance, a practical success. By 1010 
several hundred tons of hardened oil were being 
produced per week and the process enabled sub- 
stitiiti^s to be produced at a price between £10 
and £20 a ton cheaper than tallow. Economic 
changes, however, have afl'ected the position 
considerably aiul it may now be said that the 
development of hydrogenation and the conse- 
quent iiKToase in production of whale oil have 
caused the value of almost all edible oils to 
depend mainly on the value of whale oil. 

The developmenf, of hydrogenation may he 
traced from the following ac'couiit of some of the 
more important processes which have been 
Xiatentod since 1903. 

An exhaustive account of those and other 
processes, and indeed of everything connected 
with oil-hardening, will be found in C. Ellis, “The 
Hydrogenation of Organic Substances, in- 
cluding Eats and Fuels,” 3rd ed., D. van Nost- 
rand (’o.. New' York, 1930. 

in Day’s process (U.S.P. 826089, 1906) 

catalytic hydrogenation of hydrocarbon oils is 
employed to effect dcodonsation, palladium 
black being used preferably as the catalyst. 

Treatment of hydrocarbon oils by catalytic 
hydrogenation is now carried out on a large scale 
to produce greater proportions of valuable frac- 
tions from mineral oils. Complex mixtures of 
oxides and sulphides of various metals are em- 
ployed as catalysts, and the reaction is con- 
ducted at high tcmiieratures and pressures 
(v. Hvdeooenatiun of Coal). 

An apparatus claimed by Schwoerer (G.P. 
190909, 1906) consists of a vessel containing a 
helical trough the underside of which is coated 
with asbestos impregnated with nickel. The 
oily substance, e.g. oleic acid, is brought into a 
fine state of division by means of superheated 
steam, and passed, together with hydrogen, into 
the vessel, where the mixture is heated to 
260-270°. Under these conditions the hydro- 
gen is absorbed, and the stearic ^cid deposited 


to a large extent in the trough. Bedford and 
Williams’ process (B.P. 9112, 1908) is concerned 
with the hydrogenation of oleic acid in the form 
of spray, the mixture of acid and hydrogen 
passing through two separate layers of catal 3 rtic 
material in a vertical tower, the internal tem- 
perature of which is maintained at about 200°. 
The reduction is carried out under ordinary 
pressure, vacuum is then applied and the pro- 
duct distilled over into a receiver connected to 
the tow'er. 

In his processes described in G.P. 211669, 
1907, 221890, 1909, Erdmann claims a method of 
h^'^drogenating oils in the form of a fine spray in 
presence of a nickel or other catalyst. Thus the 
oil may be finely divided by means of a jet of 
hydrogen in a chamber containing a rotating 
cylinder covered with a layer of the catalytic* 
agent, and is then made to pass through a bed 
of pumice impregnated with nickel. Or the oil 
may be introduced as a spray into a tower nearly 
filled with porous catalytic material, and there 
meet a ciiiTont of hydrogen from another inlet, 
the temperature being maintained at 170-180'^. 
The solid product is preferably purified by treat- 
ment with steam under reduced pressuic. 

In the Kayser process, which is stated to be 
employed on a large scale in the United States, 
an inert powder such as kicsclguhr is used as 
the carrier for a nickel catalyst, the oil being 
agitated with this at about 160-160°. One 
form of apparatus, used for effecting an intimate 
admixtuic of oil and catalyst, consists of a hori- 
zontal cylinder in which revolves a paddle 
w heel the skeleton blades of which arc covered 
with wire gauze. Hydrogen under pressure is 
introduced at one end of the cylinder, and the 
uiiabsorbed gas is drawn off at the other end. 

Hydrogenation under pressure is also a 
feature of Testrup’s process (B.P, 7726, 1910), 
tlie mixture of finely divided oil and catalyst 
being pumped into a vessel containing an atmo- 
sphere of h^'drogen. For example, a mixture 
of oil and palladium, or preferably nickel, may 
be heated to about 160° in a jacketed chamber, 
containing hydrogen under 12 atm. provided 
with a stirring device, and then forced through 
spraying luizzlcs into a second chamber, where 
the temperature is maintained at about 160- 
170", and in which a hydrogen pressure of 
9 atm. is maintained. If still harder products 
arc required, the process may be repeated in 
another chamber into which hydrogen is 
admitted at a pressure low^er by 3 atm., or a 
whole series of connected vessels may be used. 

The use of autoclaves for hydrogenating oils 
has the advantage that the conversion is effected 
at a relatively low temperature (100-160°) 
thus obviating the risk of injury by over- 
heating. In Wilbuschewitsch’s process (F.P. 
426343, 1910) an intimate mixture of the oil 
and catalyst is pumped or injected into a series 
of connected autoclaves, through which cir- 
culates a current of hydrogen in the opposite 
direction. The gas may be admitted in such a 
way that it disperses, in the form of a spray, the 
oily mixture accumulating in the bottom of the 
vessel, which is pumped into connected auto- 
claves, where the process is repeated until the 
product has the desired melting-point; or the 
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hydrogen passes (.ounter-ciirreiit through re- 
ducing valves into successive autoclaves with 
corresponding diminution of pressure. 

In the process claimed bv Bedford and 
Williams (B.P. 129612, 1910) ■al>oiit 1% of a 
metal oxide catalyst is added to the oil, which is 
heated by means of a steam coil, in a closed 
vessel, to about 250*^, while hydrogen is intro- 
duced through a jierforated pi^M? at the bottom 
of the vessel. By using a mixture of liydrogen 
and oxygen in place of pure', hydrogen, hydroxy- 
fatty acids, or their coinpoiindH, may be pro- 
duced by this iirocess. 

In order to olTect the hydrogenation in stages 
at different teiniicratures Ellis has devised a 
method whereby the mixture of oil and metal 
catalyst is made to pass in a continuous stream 
through a long tube divided into a series ot 
compartments, and encounters a curriMit of 
hydrogen tra\(‘lling in the o])posite direction. 
Different temjieratiires are maintained in tlic 
dillerent eoinpartments, c g. Ifitr in the first, 
165“ in tlip seeond, and ISO in the last (B.l*. 
240K4, 1912). In Bietet's jiroecsss (F.B. 4720H6, 
19i:i) the oil, with or williout the lulditioii of a 
catalyst, is made to pass by gravitation through 
a RcrioH of couiimiiiiciiting tiilics, the walls of 
which are corniiosed of (atalytic metal. Hydro- 
gen i'J introduced under suitable pressure, and 
the Dll IS linely ilivitled and broiiglit into intimate 
eontaet with the gas by means of rotating 
devus's which brusli continually against the 
walls ol the tubes. 

Ill order to obtain a large surface of catalytic 
material Dewar and Liebmanii (B.P. 15668, 
1914) dislnbuto tin* catalyst over fibrous 
material such as yarn, Avhich for strcuigth may 
be enclosed between sheets of wire gauze. Or 
the fibrous material may be supported on 
frames attaehed to the agitator, or wound round 
the blades of (he agitator in the hydrogenating 
apparatus. 

In Calvert's hydrogenation proce.ss the oil 
IS mixed with the catalyst and treatcxl with 
hydrogen in a c IoscmI vessel eontaining a coirib- 
Hha[)ed rotating agitator to subdivide the oil, 
whilst a eentnfugal propelJor at the base fiings 
the mixture upwards to be beaten again (B.P. 
5967, 1914). 

The method of effecTing minute subdivision 
of the oil adojited by Moore (D.S.P. 1121860, 
1914) is to pass it together with the hydro- 
gen through catalytic material whieh may be 
c'ontained in a diaphragm porous to the oil and 
■gas, but not to the catalyst. 

Lane’s apparatus (B P. 968, 1915) consists of a 
vertical eyliiidrical vessel which is heated by 
means of a steam jacket or otherwise. Beaters 
rotating horizontally round a central shaft 
alt<?rnate w’lth annular sloping shelvi's on the 
sides of the vessel, so that the oil and catalyst, 
entering at the top, are alternately sprayed out- 
w'ards to the sides and guided to the centre of 
the beaters next below ; and so on, until they 
reach the bottom and are then pumped again to 
the top. The hydrogen enters by a pipe at the 
base of the apparatus. 

In Walker’s process (U.S.P. 1123962, 1916) the 
melted fatty acids or glycerides are sprayed by 
means of hydrogen under pressure against 


heated, finely divided, catalytic material, in 
presence of an electric discharge. 

The essential features of the process of Birke- 
land and Devik (U.S.P. 1125259, 1015) are that 
the oil is mixed with the catalyst and a portion 
forced from a jet into an atmosphere of hydrogen, 
and thence downwards into the body of the oil, 
whereby hydrogen is conveyed by suction to the 
bottom of the vessel and is absorbed on rising 
through the oil. 

McElroy (U.S.P. 1167993, 1915) claims the use 
of an emulsifying process. Freshly reduced 
nickel is mixed with the oil, and hydrogen is 
made to circulate through the liquid in minute 
ascending bubbles in a special form of apparatus, 
in Hiieh a way as to produce a gas- liquid emulsion. 



Lane’s Ari'ARATUs. 


The apparatus devised by Maxted and Kids- 
dale (B.P. 109903, 1910) consists of a vertical 
column jirovided with baffle plates, so arranged 
that a mixture of oil, catalyst and hydrogen, 
projected into the top of the vessel, is rotated 
alternately first in one direction and then in the 
other on its passage to the bottom. 

The essential feature of the process of Wells 
(U.S.P. 1383887, 1921) is the vigorous agitation 
of the reaction mixture by the introduction of a 
stream of hydrogen from beneath . 

In the apparatus described by Mellersh- Jack- 
son (B.P. 176021, 1920), hydrogen is admitted 
through a distributing plate of porous material 
and rises in uniform bubbles through the oil. In 
another type o^apparatus (Ellis, U.S.P. 1480251, 
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1924) the oil Ih made to (irculatc in vertical 
plancH in a long horizontal cylindrical tank by 
means of convection currents produced by heat- 
ing coils placed in suitable jKwitions. In another 
atent, also of Ellis (U.S.P. 147G330, 1923), the 
ydrogcn is made to bubble through the oil at 
150-200"', and is arrested by the nickel catalyst 
which is contained in a Hnely divided powder of 
inert material. 

A new tyjie of ajiparatus and process is 
claimed by Ruben (D.S.P. 155429G, 1925), in 
which a liipiid with a high dielectric constant 
IS passed upwards through a metal cylinder, 
containing a suspended porous pot with a di- 
electric constantlower than that of the liquid 
under treatment. This pot, which has a conduc- 
tive inner surface, is supplied wdth a high fre- 
quency alternating current of high potential, 
w hilst the conductive wall of the outer cyUnder 
is connected with the other pole. Under these 
conditions hydrogenation of the oil is effected 
w ithout the use of a catalyst. 

In li.P. 341153, 1929, claim is made by the 
I.G. Farbenind. A.-G. for resistant zinc alloys, 
in.p. above 5()0‘^‘, for constructing or lining the 
hydrogimation vessels and connections. 

■ In 1922 E. R. Bolton (J.S.C.T. 1922, 41 , 384R) 
noted that the technical application of an 
apparently simple catalytic reaction had already 
inspired the subject-matter of 300 patents. This 
number has been largely increased since, and it 
may be said that the proecHses now in operation 
are all based on the fundamental concept of 
Sabatier-iSenderons and differ only in method of 
catalyst production, mechanical details of 
admixture of oil, catalyst and hydrogen ; reaction 
conditions of temperature and pressure, and 
after-treatment ol products. A comparatively 
small w’cight of hydrogen is required (less 
than 0-7^0 by weight) but its volume is such 
that the efficiency of the jirocess necessarily 
depends largely on the degree of admixture 
of the reactants with the catalyst and on the 
efficiency of the latter. 

Catalysts for HynuoaENATioN. 

Ill the original investigations on catalytic 
hydrogenation by Sabatier and Senderens finely 
divided platinum or palladium was used as the 
catalytic agent, but as nickel is a much less 
expensive catalyst than those metals it is now 
almost universally employed for the hydro- 
genation of oils and fats. The use of other 
metals such as palladium, cobalt, iron and copper 
as catalytic agents has also been claimed in 
several of the jiatent processes of hydrogenation 

In jirepariiig a nickel catal^’^st the usual 
method is to precipitate nickel hydroxide or 
carbonate from a solution of a salt such as nickel 
sulphate, in the presence of inert material such 
as kieselguhr, to dry the sludge and to reduce 
it in a current of hydrogen at a temperature of 
300-325°. 

In Lane’s process (Engineer, 1917, 123, 611) 
solutions of nickel sulphate and of sodium car- 
bonate are prepared in separate tanks provided 
with steam jets, and are transferred into a 
third tank provided with a mixing apparatus 
and containing inert support -material, such as 
kieselguhr. The mixture of precipitated nicke' 


'arbonate and kieselguhr is dried, ground 
iiid roosted to convert the carbonate into oxide, 
ifter which it is heated in a current of hydrogen. 

One form of apparatus used for this purpose 
is a vertical vessel provided with external 
neans of heating, and containing a series of 
reciprocating grids. The powdered material is 
ntrodiiced at the top and falls on to the succes- 
sive grids, the movement of which exposes fresh 
particles to the current of hydrogen, which is 
admitted at the base, and rises through the 
grids to the outlet at the top of the apparatus. 
The reduced material falls into a vessel contain- 
ing oil of the same kind as is to be hydrogenated, 
and, after being thoroughly mixed, the oily mass 
is ground until of the desired consistency. 

The method of preparing the catalyst lias a 
considerable influence on its activity and its 
resistance to external influences. For example, 
nickel which has been reduced at as low a tem- 
perature as possible is more effective than that 
reduced at a higher temperature, but, on the 
other hand, is also more sensitive to the action 
of catalyst “ poisons.” Ellis (iJ.S.C.I. 1912, 31, 
11G3) gives 300-325"' as a suitable temperature 
for the reduction. According to Kclber, how- 
ever (Ber. 1910, 49 , 1868), a catalyst prepared by 
reducing basic nickel carbonate with hydrogen 
at 450*" is more sensitive to poisons than one 
prepared at 310°. On the other hand u catalytic 
agent prepared by reducing the basic, carbonate 
on Florida earth (Kelber, l.c., p. GO) at 450’ 
proved remarkably resistant to the action of 
hydrocyanic acitl, hydrogen sulphide and carbon 
disulphide. 

Nickel catalysts may be prepared from car- 
bonates and oxides of the metal by reduction at 
temperatures as low as 150°C. and will remain 
active in use for long periods with suitable oils. 

The activity of a catalyst has also some deter- 
mining effect on the nature of the reaction, sup- 
pressing or promoting the formation of isomeric 
glycerides of oleic acid which always accompanies 
hydrogenation of unsaturated fatty oils. 
M. G. Barradas (U.S.P. 2014999, 1935) claims 
to control the selectivity of hydrogenation by 
admixing various proportions of an inert gas 
with the hydrogen used. 

Reduced iron, sodium chloride, sodium sul- 
phate and sodium nitrate have no influence on 
the activity of nickel catalysts, but sodium sul- 
phide gradually impairs the eflicioncy, and 
sulphur destroys it immediately (Moore, Richter 
and Van Arsdel, Ind. Eng. Chem. 1917, 9 , 
451). Nickel may also be rendered inactive by 
traces of chlorine and of decomposition pro- 
ducts in the oils undergoing hydrogenation. 
For this reason low-grade oils, such as whale 
and flsh oils, may speedily render a nickel 
catalyst inactive. Heating and agitating the 
oil with freshly-precipitated copper hydroxide 
has been found an effective moans of removing 
the poisonous constituents from such oils, 
especially after a preliminary treatment with 
sodium carbonate solution (Ellis and Wells, 
ibid. 191G, 8 , 880). In some cases, however, it is 
necessary to hydrogenate the oil in two stages, 
filtering off the catalyst after it has become 
inactive. Veno (J. Chem. Ind. Tokyo, 1918, 21, 
898) has shown that powdered metals (not 
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reduced by hydrogen), such as nickel, tin, zir- 
conium and copper, have but little injurious 
action on catalytic hydrogenation, but that iron, 
zinc, lead and mercury’ act as poisons. 

For a detailed study of the effect of various 
catalyst poisons on platinum, see Maxted (J.C.S. 
1925, 127 , 73; 1928, 1900; 1931, 2203). 

Catalysts resistant to poisoning by sulphur are 
prepared, according to B.P. 415203/1923 of 
I.G. Farbenind. A.-G., in the form of sulphidos 
of the heavy metals of groups V and VI and Re, 
Ni, Co. The best results are obtained with 
Mo or W sulphides singly or as a niixturc. 

The efficiency of a catalytic metal, lieing at any 
rate partly determined by the extent of its sur- 
face, is considerably increased by distributing it 
over a porous non- catalytic support such as 
charcoal, powdered pumice or kicselguhr, and 
the method of impregnating the support with 
the metal forms the subject-matter of numerous 
patents. In Crosfield’s process (B.P. 30282, 
1910) an inert medium, such as asbestos or kiesel- 
guhr, IS impregnated w'ith a solution of nickel 
Hulphato, and then treated with a solution of an 
alkali hydroxide. The mass, wliich now con- 
tains nickel hydroxide, is washed, dried and 
heated in a current of hydrogen ; and the result- 
ing product should contain about 30% of metallic 
nickel. 

Kayscr (U.S.P. 1004034, 1911) saturates the 
porous support with a solution of a nickel salt, 
and incorporates therewith molecular proportions 
of powdered sodium carbonate. The mixture 
is then treated wdth boiling water, dried and the 
nickel salt reduced. In a later jiatent (IT.S.P. 
1001279, 1911) Kayscr claims a method of pre- 
paring R catalyst which may lie exposed to the 
air for several days without undergoing oxida- 
tion and losing its catalytic activity. In this 
process nickel oxide is reduced at about 500- 
000”, and a current of carbon dioxide passed 
through the material until the gas leaving the 
.apparatus is no longer inffammable. 

In Bolton and Lush’s process (B.P. 102382, 
1920) the poisoning of the catalyst through the 
formation of nickel soap is prevented by adding 
mono- or diglycorides to the oil. These combine 
with any free fatty acids present and so prevent 
the nickel being attacked. Bolton has also 
claimed a method of restoring the activity of the 
catalyst by washing it in the apparatus, first 
with hot oil to remove soap and then with a 
solvent to remove the oil (B.P. 162370, 1920). 

, I..essing (B.P. 18998, 1912) claims the use of a 
catalyst composed of nickel carbonyl or other 
metallic compound which undergoes decom- 
position at the temperature of hydrogenation. 

Reduction of nickel formate in the oil itself 
is described in a process of Brocket (Bull. Soc. 
chim. 1920, [iv], 27 , 899). Processes based on 
this method have acquired considerable technical 
importance. 

Bedford and Erdmann (B.P. 27718, 1912) 
make use of metallic oxides in a form suitable for 
catalytic agents. They assert (J. pr. Chem. 
1913, [ii], 87 , 425) that nickel oxides are much 
less sensitive than metallic nickel to external 
influences, and that they effect more rapid 
hydrogenation. The activity of the catalytic 
agent is increased by the presence of the 


oxides of other metals. In carrying out the 
process the oil is heated to 180” in a cylindrical 
copper vessel fitted with an agitator, while a 
slow current of hydrogen is passed through it. 
A small quantity of nickel oxide is introduced, 
the temperature raised to 255-260°, and, after 
the addition of more catal 3 ^ 8 t, the supply of 
hj’drogon is increased. It is claimed that the 
hydrogenated product is free from hy'drexj"- 
acids, and that nickel soap is formed only to a 
very limited extent. 

Erdmann and Rack attribute Biuy activity of 
nickel borate to the formation of nickel oxides 
at 260°. Contrary to the claim of Schonfeld, 
they find that nickel borate does not convey 
hydrogen to unsaturated fats at 175°. Nor- 
maiin, how'ever, attributes the catalytic activity 
of nickel borate to tlie formation of metaUic 
nickel produced by the hydrogen during the 
hydrogenation process, and finds that there is 
no positive evidence of the presence of nickel 
Buboxide. 

Meigen's experiments (J. pr. Chem. 1915, [iij, 
92, 390) are opposed to the viiiw of Erdmann 
and Bedford, that an oxide or siiboxidc of nickel 
is the catalytic agent. He concludes that while 
it is conceivable that their view may bo correct, 
it is a hj'potbcsis wdiich is lacking in cxjicri- 
montal proof. 

In Byron’s method of preparing a stable 
catalyst (B.P. 13382. 1913) the solution of a 
salt of a catalytically active metal, such as 
nickel sulphate, is treated with a solution of an 
alkali silicate, and the precipitate ilrii^d, and, if 
desired, reduced in a current of hydrogen. 

Richardson (U.S.P. 1151718, 1915) claims 
the use of an olcate of nickel or other metal ; 
whilst Bacon and Nicolct (U.S.P. 1152591, 1915) 
prepare a catalj^st containing nickel hydroxide 
and aluminium hydroxide, in which the nickel 
has been rendered active by reduction with 
hydrogen. Catalysts composed of aJuininates 
of nickel or other heavy metals have also been 
patented by I)e Nordiske Fabnkcr De-No-Fa 
A/s. (B.J\ 140371, 1919). 

Catalysts are prepared by Raney (U.S.P. 
1628190, 1927) by alloying nickel and aluminium 
and submitting the alloy to the action of alkali. 
The resulting material having a cellular micro- 
structure is of a very active nature and 
has been much employed — chiefly in research — 
under the name of “ Raney nickel^ If the 
action of the alkali is restricted to the surface 
of turnings of the alloy the catalyst may be used 
in massive form, thus leaving only traces of 
metal to be removed from the oil after hydro- 
genation. 

L. G. Jenness (Oil and 8oap, 1934, 11 , 131) 
prepares foramincUe ” catalysts by selective 
corrosion of aggregates of the catalytic metal 
and other material, claiming such catalysts to 
be of superior activity. 

A catalytic agent claimed by Ellis (U.S.P. 
1156068) is prepared by incorporating hydrated 
nickel hydroxide, Ni(OH),,H|0, with an oily 
medium, reducing the nickel compound with 
hydrogen, and removing moisture from the 
product. In another process, also patented, by 
Ellis (U.S.P. 1^59480, 1916), a basic compound 
of nickel is partly rednoed with hydrogen to 
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obtain a catalyst coiiRisting of nickel and a lower 
oxide of nickel. 

Catalysts described by Ellis (U.S.P. 1378336- 
7-8, 1921) arc prepared by incorporating organic 
salts of nickel, etc., with an oily medium, and 
heating the mixture at reduced pressure, e.g. 
heating nickel oleate in the presence of non- 
reducing inert ga.se.s ; and by reducing mixtures 
of metallic salts of nickel, copper and cobalt in 
an oily medium. 

Armstrong and Hilditch (Rroc. Roy. Soc, 
1922, A, 102, 27) investigated the influence of 
copper in promoting the activity of a nickel 
catalyst. They found that a lower temperature 
(180' ) was required for the reduction, whereas 
the nickel compound by itself was not reduced 
by hydrogen below 300°. Groto (Seifens.-Ztg. 
1020, 47, 713) found that by using a catalyst 
erinsisting of a colloidal double nickel and mag- 
nesium (or aluminium) silicate, dried and reduced 
in hydrogen, the time of hydrogenation could be 
redu(“ed to 10 minutes and the temperature to 
]60‘. 'J^ie addition of a phenob'e substance 
(i]uinol, giiaiacol or resorcinol) is claimed to 
ai'celcratc; hydrogenation (Lever Bros., Ltd., and 
R. I’homas, B.P. 208189, 1922). 

jMctallic soaps and other iinjmritics which 
net as “ poisons ” to the catalyst may be 
removed by treatment with Japanese fuller’s 
earth (S. Ueno, J. Soc. Chem. Ind. Japan, 1920, 
23, 1028). 

C\)NTiNruiuS Process E.S, 

A series of processes were devised for the 
continuous hydrogenation of oils by Bolton and 
co-workers from 1920 onwards in which the 
tatalyst is used in massive form and oil is passed 
over it at suitable temperatures in an atmosphere 
of hydrogen. Thus E. R. Bolt on (B.P. 162370, 
1920) activates nickel wool by treating it with 
nitric acid in liquid or vapour form, then 
roasting it and reducing adhering oxides wdth 
hydrogen. Oil and hydrogen are passed in 
counter- current over the catalyst wliich may bo 
reactivated by treatment with hot oil and 
solvents. 

A great advance was made by the introduction 
of Bolton and Lush’s continuous process (Lush 
and Technical Research Works, Ltd., B.P. 
203218, 1922), which is successfully wwked 
in many countries by licences from Teclmical 
Research Works, Ltd. The catalyst consists of 
nickel wire or turnings enclosed in cages of 
metallic gauze. The cage and its contents are 
coated wdth a film of nickel peroxide in an 
electrolytic bath, with the cage itself as the 
anode, w hilst a 5% solution of sodium carbonate 
forms the electrolyte. The cages are inserted 
into the apparatus and the nickel peroxide is 
reduced to nickel by means of a current of 
hydrogen at 200-260°, after which the tempera- 
ture is allowed to fall to 180°, and the oil is 
made to flow over the catalyst. When the 
catalyst becomes inactive (after periods up to 
6 months) the residual oil is extracted from the 
cages in situ, the solvent is removed, and the 
cages and their contents are re-aotivated by 
anodic oxidation in. the electrolytic bath and 
returned to the plant for further use. A 


description of the plant on an industrial scale 
is given by Lush (Ind. Chem. 1927, 8, 249). 
Manderstam (Oil and Soap, 1939, 16, 166) deals 
with later developments. In addition to the 
advantage of the process being continuous, it is 
claimed that there is no hydrolysis of the oil, 
that the period of initial heating is short, and 
that the cost of production is low^cr than in the 
older powder processes. 

Reference may also be made to the “ T.R.W. 
Interchange Process,” in which a saturated 
body (e.g. butyl alcohol) is mixed with an un- 
saturatod body (e.g. olein), and the mixture is 
passed over the catalyst under conditions similar 
to those employed for direct hydrogenation. 
Hydrogen is transferred from one bod}'^ to the 
other, with the formation of e.g. butaldehyde 
and stearin. According to the patent of 
Technical Research Works and Lush (B.P. 
221000, 1923) the spent catalyst is freed from 
oil, and is then oxidised at the surface W'ith 
hypochlorous acid and reduced with hydrogen. 

HypiiOGEN FOR Catat.ytic Processes. 

One of the main essentials for the successful 
hydrogenation of oils is a supplj’^ of pure hydro- 
gen. The gas must be free from sulphur, 
chlorine, arsenic and phosphorus, and contain 
only negligible quantities oi oxygon or oxides of 
carbon. 

In some of the larger works (Siemens- 
Schuckert, Ateliers Oorlikoii) a very pure 
hydrogen, containing as impurity only 0-2% 
of oxygen, is prepared by the electrolysis of 
alkaline distilled water. Jri other works w^ater 
gas or producer gas is used as the source of 
hydrogen. The methods of Linde-Frank-Caro 
and of the Soc. de I’Air Liquido are based on a 
fractional distillation of the liquefied com- 
ponents of w^ater gas. The resulting hydrogen 
is of 97-98% purity, and is brought to 99- 
99 5% by being passed over soda-lime heated 
to 180°. 

In Lane’s process (Anon., Engineering, 1917, 
123, 546) steam is decomposed by means of 
reduced iron, and the resulting iron oxide is 
reduced by purified water gas. Spathic iron 
ore (ferrous carbonate) is used as the original 
source of iron. This, w^hen heated, yields a 
porous mass of ferrous oxide, which is packed 
into a retort, where it is alternately reduced 
and oxidised. The cost of hydrogen made by 
this process was about 4«. 2d. per 1,000 cu. ft. 
(Ellis, J.S.C.I. 1912, 31, 1164). A mixture of 
steam and w ater gas is used by the Soc. Lyon- 
naise du Gaz and the Gneshcim-Elektron Co., the 
decomposition being effected by means of a 
mixture of lime and iron. These methods yield 
hydrogen of 97-5-98-5% purity. 

Where petroleum is readily obtainable the 
method of Rincker-Wolter is used, in which the 
hydrocarbons of oil gas are decomposed at a 
high temperature into carbon and hydrogen. 

Electrolytic hydrogen is now largely used for 
catalytic hydrogenation, the processes and plant 
of Knowles (International Electrolytic Plant 
Co., Ltd.) and Bamag-Meguin A.-(>. (Berlin) 
being widely used. The Knowles cell produces 
8 cu. ft. per kw.-hour of hydrogen of 99 9% 
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purity at an economical voltage (E. F. Arm- 
strong, Chem. and Ind. 1932, 51, 92). 

Technology of Hydbogenation. 

From a consideration of the foregoing outlines 
of patent processes it will be seen that the main 
conditions for successful hydrogenation are a 
suitable temperature, fine state of subdivision 
of the oil, an active catalyst and the absence of 
injurious substances. 

E. F. Armstrong and K. A. Williams (Chim. ot 
Ind. 1939, 42 , 2; Chem. and Ind. 1940, 59 . 3) 
point out that the technology of hydrogenation 
has now' advanced to a stage where the older 
processes have all boernne more or less stan- 
<lardised m operation. The many diflioulties 
encountered in the early development have 
mostly been eliminated, so that while in 1910 
several hundred tons of oil were treated per 
week, the output of hydrogenation plant had 
risen by 1939 to the order of 1,000 tons per 
day and the process had become applied to 
many substances other than fatty oils- Chemi- 
cals, such as phenol, cresols, naphthalene and 
pyridine, are treated in limited quantities, while 
with coal and petroleum oils the industry is 
conducted on an enormous scale. 

In order to avoid catalyst poisoning extremely 
careful refining of fatty oils is necessary before 
they are hardened, 

“ Pow der ” or “ batch ” processes are applied 
in autoclaves, the nickel catalyst usually being 
})repared by suspending an inert carrier in a 
solution of nickel sulphate to which is added 
sodium carbonate. The precipitate is thoroughly 
washed and dried, and reduced in a current of 
hydrogen at 250 'C. or moic, acicording to the 
degree of activity required, the temperature used 
affi'ctirig also the robustness. After coolmg the 
catalyst is flooded with oil and stored until 
required. Hydrogenation is conducted in auto 
chives at about 180‘’C. in an atmosphere of 
hydrogen, under pressures in excess of atmo- 
spheric:. The reaction occurs at a rate that can 
readily be controlled, and a rapid examination of 
the product at intervals enables the reaction to 
be stopped at any desired stage. 

Nickel formate' catalyst is also used, with or 
without support, in a similar manner and is 
reduced in situ in the oil at about 250''C., saving 
plant, labour, and operating costs by combining 
the catalyst reduction and hydrogenation 
processes. 

In batch processes, the oil is cooled and the 
catalyst filtered off after the reaction has pro- 
ceeded far enough. The oil generally requires 
furthei refining and bleaching and will almost 
always require deodorising. 

The “ continuous ” system of Technical 
Kese-arch Works, Ltd., is applied as described 
above, and in this case the hardened oil emerging 
from the plant contains less than 1 part of nickel 
per 10 million of oil. Subsequent filtration and 
refining are unnecessary but deodorisation is 
usually applied. In practice it has been found 
that the oil suffers from continual contact 
with the heated walls of the vessel, and the 
short time of contact of oil, hydrogen and 
catalyst employed in this system is therefore 
advantageous. 


It is believed that with oils, such as whale oil, 
'Gtton-seed and ground-nut oils, the powder 
systems involve running costs of from 25«. to 
30«. per ton and the continuous system of about 
one-D^alf this sum. The latter system requires 
less labour and floor-space. 

Fatty alcohols are now produced on a large 
icale by catalytic hydrogenation of oils or fatty 
acids under very high pressures, such conditions 
promoting the reduction of the carbonyl group. 
The products find use after sulphonation as 
w'ctting agents. 

PkoPEKTIES of HYnROGENATKU OlIJS. 

The degree of hardening depends upon the 
extent to which the hydrogenation process has 
bcHui carried, so that products ranging from the 
consistence of a soft butter to a hard tallow may 
be obtained from the same oil. 

l*rovided that the reaction is carried far 
enough, fish oils and whale oils are deodorised 
during hydrogenation owing to the conversion 
of the clupanodonic acid (to wdiich, as Tsujimoto 
has shown, the odour is mainly duo). 

For edible purposes the chief oils hydrogenated 
arc whale oil, cotton-sced, maize, soya bean, 
aracliis and coconut oils, though any edible oil 
is suitable for the process. Products such as 
margarine and artificial lard, wliich formerly 
consisted of a vegetable oil mixed with sufficient 
oleoatearirt to give a semi-solid mass, are now 
prepared from oils such as cotton-seed oil or 
w'halc oil hydrogenated to a sufficient extent to 
give the required consistence ; or by a mixture 
of hardened oils with liipiid oils. In the opinion 
of Ellis (.l.S.C.I. 1912, 81, 1195) the use of 
hydrogenated oils by themselves is preferable to 
the method of some nianufaeturers of blending 
hydrogenated oils wdth untreated oils, sini^e the 
resulting product has a lietter flavour and keeps 
better. 

With regard to the effect of hydrogenation on 
oils it has been found that the acid and saponifi- 
cation values are not materially affected, but 
the refractive index and iodine value are 
lowered and the melting-point raised to an 
extent correspoiulmg with the degree of hydro- 
genation. 

The acetyl value of hydro xylated oils such 
as castor od is lowered by hydrogenation at the 
usual temperatures, but Jurgens and Meigen 
have shown that when esters of rieinoleic acid 
are hydrogenated below 200° the OH group is 
not attacked and practically only the double 
bond is .saturated. 

While the catalytic hydrogenation of many 
chemicals consists in the simple addition of 
hydrogen at the double bonds, in some cases there 
is preferential action. If a compound contains 
more than one double bond all may react but 
more generally the reaction is limited to specific 
bonds. Thus E. J. Lush (J.S.C.l. 1927, 46, 464) 
has showm naphthalene to produce tetrahn if 
treated in the vapour phase and decalin when 
in the liquid phase. Unsaturation m aromatic 
nuclei is generally less easily removed than in 
straight chains, and in a straight chain containing 
two or mor^ double bonds one will be more 
readily reduced than another. 
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E.E. ArniBtroiig and K. A. Williams (Chim.ei influence of foreign gases on the catalyst and 
Ind. 1 939, 42, No. 2, 234) point out that fatty oils on the velocity of hydrogenation might be 
consist of complex mixtures of glyceryl esterr either purely physical or chemical. He con- 
of fatty acids. The fatty acids are all of similai firmed the observation of Armstrong and 
chain length but may be saturated, or contain Hilditch that linolein absorbs hydrogen much 
one, two, three or more double bonds. Three more rapidly than does olein. Kaufmann’s 
acid radicals arc attached to each glycery thiocyanogen method of determining the degree 
radical in a manner even now incompletely of unsaturation of fats has also afforded proof 


iinrlcrstood, though T. P. HiJditch and his co- 
workers continue to throw light on the problem. 
It is not known how the arrangement of the 
acids on the glyceryl residue affects the relative 
ease of reduction hut it js bf'lieved that this has 
little elfei't in most cases K. G. Pelly (J.S.CM. 
1927, 46. 44 9 t) has shown, however, that in 
mixtures ol fatty acids and neutral fats the iin- 
satiiratcd Ircc acids are preferentially reduced. 
Further coiniilications oc,cur through side- 
re Hi- ti on s. 3'here is a notable formation of 
isomers of oleic ai-id in batc h hydroge-nation ; 
this can he largely siijiprcsscd in the continuous 
process. 

Kxperiments on the hydrogeimtion of eottoii- 
H(*ed oil by Moore, Kiehter and Van Arsdel 
(hid. Fug. diem. J917, 9, 451) have shown that 
linolein is liydrogenatcd more, rapidly than olein 
at 200'' and upwards, so tliat olein tends to 
accumulate iii the fat. To obtain a hardened 
jiroduci with the same iodine value as another 
imfc eoniairiing, relatively, more saturated 
glycerides and Imolcin, it is necessary to effect 
the hydrogenation under conditions of lower 
temperature, greater pressure, more vigorous 
agitation and a larger proportion of catalyst. 

It was found by E. F. Armstrong and T. P. 
Hilditcli (Froc. Roy. Soc. 1920, A, 98, 27) that 
in the hydrogenation of linseed oil in the 
presen ee of a nickel catalyst-, a curve results 
the initial portion of which (30% of the whole 
curve) corresponds with the hydrogenation of 
the whole of the linolenin and most of the 
linolein ; there is then a very abrupt ebaiige in 
the curve, and this is followed by an approxi- 
mately linear curve at a much low^er slope. 

In a further communication by the same 
authors (ihid. 1921, A, 100, 240) on the influeneo 
of pressure on the hydrogenation of hqnids in 
the presence of nickel, it was shown that, in the 
absence of disturbing factors, an increase in 
the pressure of the hydrogen causes a pro- 
portionate increase in the rate of reduction. 
According to Lush (J.S.C.I. 1924, 43, 63t), the 
rate of hydrogenation is approximately pro- 
portional to the square root of the pressure. 

Varying the mass of oil in relation to the 
catalyst has a pronounced effect on the nature 
of the products, and hydrogenated oils contain- 
ing different pro^wrtions of isooleie acid may 
thus bo obtained (Lush, ibid. 1923, 42, 219Tj. 
The influence of the concentration of the 
catalyst on the selective hydrogenation of 
cotton -seed oil has also been studied by Dhingra, 
HUditch and Rhead (J.S.C.I. 1932, M, 195t); 
gee also E. R. Bolton, ibid. 1927, 46i 44 t, and 
“ Oils, Fats, and Fatty Foods,” 1928, pp. 302- 
316. 

R. Thomas (J.S.C.I. 1920, 39, lOr), studying 
different aspects of the mechanism of the hydro- - 
genation of unsaturated glycei^^es in the | 
presence of a nickel catalyst, found that the { 


of the selective character of hydrogenation 
(Kaufmann and Hanseii-Schmidt, Ber. 1927, 

60 |il], 50). In experiments with a nickel 
•atalyst at 200'' m an autoclave the linolic acid 
in a fat had disappeared after 135 minutes. 

The effects of the temperature of hydrogena- 
non on the selective action and upon the 
Tielting-point and iodine value of the product 
have been studied by K. A. Williams (J.S.C.I. 
1927, 46, 446t, 448t) over a range of 120- 
20(F. 

The formation of i^oolcie acid is dealt with by 
Moore {ibid. 1919, 38, 320t) ; llilditch and 
Moore {tbid. 1923, 42, 15t) ; Richardson, Knnth 
md Milligan (Ind. Eng. Chera, 1924, 16, 519; l 
925, 17, 80) (^oeks, Christian and Harding ' 
Analyst, 1932, 56, 36S) ; Lush (J.S.C.I. 1923, 

42, 219t; 1924, 43, 53t ; 1925, 44, J29t); 
lilditeh and Vnlvartlii (Froe. Roy. Soe. 1929, 

A, 122, 5.52). 

Elaidie, acid is tlic jiredominating isomer 
)rmed but a number ol others also appear. 
The total proportion of isomers formed depends 
•n tempciature, possibly on pressure, certainly 
m the degree of activity of the catalyst, the 
elativo degree of mixing ol oil and catalyst, the 
•upidity of desorption of reacting molecules 
rom the catalyst and the nature of tlie catalyst. 

is most marked with platinum, less with 
lalladium, still less with nickel and least with 
jopper. It is promoted by high temperatures 
-nd is least marked in the continuous pro- 
ess. Under constant conditions, the ratio of 
olid ?soolcic acid to liquid oleic acid in the pro- 
luct tends to a constant value after the reaction 
las proceeded to a fixed extent, this value being 
ttaintained until saturation is complete. Un- 
lublishcd researches of K. A. Williams suggest 
hat the proportions and the reactions them- 
selves are controlled by excess electronic energy 
cquired by hydrogen in its sorption by the 
•atalytic metal and subsequent transfer to the 
til molecule. 

The theory of the entalytii^ action is dealt 
ith by Rideal and Taylor, “ Catalysis in 
'heory and Practice,” 1926 ; Falk, ” Catalytic , 
\ction,” 1922; Sabatier, “ Le Catalyse en 
^hiinie Organique,” 1920; various reports of 
-he American Committee on Contact Catalysis, 
922-26 ; Nj’^rop, “ Treatise on the Catalytic 
\ction of Surfaces,” Copenhagen, 1934; Hil- 
‘itch, ” Catalytic Processes in Applied Chemis- 
■ry,” 1929 ; 11. S. Taylor (Proc. Roy. Soc. 1926, 
108, 105; J. Phys. Chem. 1926, 30, 150); 
loemen (Fettchem. Umschau, 1934, 41, 96, 

51 ) ; Berkman, Morrell and Egloff, “ Catalysis ” 
teinhold Publishing Co., New York, 1940, 
lydrogenation, pp. 809-887. 

Arachidic acid may still be detected in 
ardened arachis oil, but a modifleation of the 
iBual test is necessary (see Kreis and Roth, Z. 
Unters. Nahr.-u. Genussm. 1913, 25, 81). 
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Ijeimdorfer (Chem. Zentr. 1914, I, 304) has 
sho^Ti that the stearic acid formed in the hydro* 
genation of oils is chemically identical with 
natural stearic acid. 

Marine animal oils yield a much smaller 
proportion of insoluble bromides after hydro- 
genation, and the distinctive colour reactions 
of the original oils are either modified or no 
longer obtained. 

Bellier’s reagent (nitric acid, sp.gr. 1-4, and 
resorcinol in benzene) also gives different 
colour reactions with hardened sesame, cotton- 
seed and arachis oils from those given by the 
original oils. The Baiidouin test for sesaiii^ 
oil iH intensified by liydrogenntioii, but llalphen's 
test for cotton-seed oil is inhibited, the chromo- 
genic substance giving the reaction being des- 
troyed after hydrogenation for 15 minutes with a 
nickel catalyst at 150-100”. 

The amount of phytosterol is not materially 
reduced by hydrogenation at 200”, but cho- 
lesfcrol is reaimfied at 200”, and after treatment 
at 250” will no longer yield a er3’Htallme deriva- 
tive (Marcusson and Mcverheiin, Z. angow. 
Chem. 1914, 27. 201). 

Anal v’ti cal data for h y'drogenated oils are given 
by Bomer and Leaelily-H arisen (J.S.C.l. 1912, 
31, 990); E. Mellana (i7od. 1914, 33, 701); 
kSudborough, AVatson and Athawale {ibid. 1923, 
42, 103 A) ; Myddleton and Barry, “ Eats 
Natural and Ryrithctie,” E. Bonn, Ltd., 1924; 
Williams and Bolton (Analyst, 1924, 49, 400); 
V'llliains (J.S.C.l. 1927, 46, 440, 448t) ; and in 
jther communications nln^ady referred to. 

The hvdrogenation of tung oil is referred to by 
H. 1 Waterman and van V'lodorp (Chem. 
Weekhlad. 1934, 31, 420) who point out that the 
eoiirso of the reaetion varies with temperature 
and presHiire and w ith the nature of the eataly'st. 
T. Moore (Bioehem. J. 1839, 33, 1035) has found 
that the strong spec! rographic absorption at 
270/1 drops, wdiilc the originally small value at 
230/x first rises and then drops, both reaching 
negligible values at saturation. lie compares 
the formation of an acid with absorption maxi- 
mum at 230/1, indicated by this observation, with 
the formation ol the same acid by hens and rats 
fed on tung oil. He also notes that the hydrogen 
absorption and tlrop in iodine value do not 
eorrespond in the hydrogenation of tung oil, 
aserihirig this discrepancy to the effect of con- 
jugated bonds. 

For a study of the alteration in glyceride 
structure produced during the progressive 
hydrogenation of olive and cotton -seed oils, see 
Williams and Bolton (Analyst, 1924, 49, 460) 
and Hilditch and Jones (J.C.S, 1932, 805) ; and 
for investigations of the course of hydrogenation 
in the continuous process of Technical Research 
Works, Ltd., see Lush (J.S.C.l. 1923, 42, 219t; 
1924, 43, 53t) ; Hilditch and Rhead (J.S.C.l. 
1932, 51, 198t). Williams and Bolton (Analyst, 
1924, 49, 460) base a method for detecting hydro- 
genated oils on the determination of i^ooleic acid, 
using the insolubility of the lead salt of the latter 
in ether and alcohol as a means of separating it 
in admixture with saturated acids from the 
liquid acids. This test affords a much more 
trustworthy indication than the presence of 
nickel, which is now practically eliminated from 


the products of hydrogenation . J. Qrossfeld and 
J. Peter (Z. Untera. Lebenam. 1934, 68, 345) 
have extended the applicability of this test. 

Nickel in Hydrogenated Fats. 

The presence of a trace of the metallic catalyst 
was at one time of frequent occurrence in hydro- 
genated fats, especially those of continental 
origin. Bdmer (Chem. liev. Fett.-u- Marz-Ind. 
1912, 19, 221) found 0 01% of ash with 0-006% 
of nickel oxide in hydrogiuiated sesam^ oil, and 
0-006% of ash with 0-0045% of nickel oxide in 
hardened whale oil. Hence, the detection of 
nickel in a fat indicates the presence of a 
hanicned oil, although a negative result in the 
test does not necossarily prove that such pro- 
ducts are absent, since means, such as treatment 
with dilute hydrochloric acid, are often employed 
to remove the residual metal. In experiments 
to ascertain the effect of traces of nickel upon 
the human system, Offcrdahl (Ber. dent, pharin. 
(jJes. 1913, 23, 558) found that 0-5 g. of nickel 
could be taken daily without any injurious effect, 
99-8% of the metal being rapidly excreted from 
the system. 

Modern edible hydrogenated fats do not 
usually contain more than 1 part of nickel per 
10 million ainl often mucli less. 

Fnr the detection of traces of nickel th(* 
dimethylglyoxime test may used {see Ivnapp, 
Analyst, 1913, 38, 102), but certain untreatcfl 
oils, free from nickel, may show a similar 
coloration if the test is made directly on the oil. 
The test should therefore be applied to tin* ash 
of 100 g. of the oil for better results (Prall, 
Z. angew. Chem. 1915, 28, i, 40). A still more 
sensitive reagent for nickel is a a-benzildioxime, 
as suggosterl by Ataok (Analyst, 1913, 38, 316). 

To obtain products relatively free from 
nickel, Ellis (J.S.C.l, 1912, 31, 1165) lays stress 
upon the importance of using the catalyst in 
metallic form rather than in the form of oxide, 
since metallic nickel will not readily combine 
with free fatty acids to form a soap in the 
presence of free hydrogen. Too rapid hydro- 
genation should also be avoided, so as to prevent 
decomposition of the fat, with liberation of 
water, which might cause hydrolysis of the fat 
and liberation of free fatty acids. 

For the mechanism of the addition of hydrogen 
to unsaturated glycerides in the presence of 
nickel, see Thomas (J.S.C.l. 1920, 89, IOt) ; and 
for a study of the relation between the occlusive 
power of palladium for hydrogen and its 
activity in catalytic hydrogenation, see Max ted 
(J.C.S. 1921, 119, 1281). 

Nutritive Value oe Hardened Oils. 

The digestibility of hydrogenated fats is dealt 
w'ith by Langworthy (Ind. Eng. Chem. 1923, 
15, 276) who describes researches of the U.S. 
Department of Agriculture. The conclusion is 
drawn that soft hydrogenated fats are os well 
asHimilated as natural fats, but if the melting- 
point is raised beyond 40-45° the digestibility 
falls rapidly. 

The food value of hydrogenated fats is much 
the same as tint of natural fats, but commercial 
hardening processes almost always destroy any 
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E. F. ArniHtnmg and K. A. Williams (Chim. et 
Ind. 1939, 42, No. 2, 234) point out that fatty oils 
consist of complex mixtures of glyceryl esters 
of fatty acids. The fatty acids arc all of similar 
chain length but may be saturated, or contain 
one, two, three or more double bonds. Three 
acid radicals are attached to each glyceryl 
radical in a manner even now incompletely 
understood, though T. P. Hilditch and his co- 
workers continue to throw light on the problem. 
It 18 not known how the arrangement of the 
acids on ih(‘ glyceryl residue ail'octs the relative 
ease of reduction but it is belit^ved that this has 
little effect in most cases. R. G. Pelly (J.S.C.T. 
1927, 46, 449t) lias shown, however, that in 
mixtures of fatty acids and neutral fats the un- 
saturated free acids are preferentially reduced. 
Kurther complications occur through side- 
reactions. There is a notable formation of 
isomers of oleic acid in hatch hydrogenal ion ; 
this can be largely sujipressed in the continuous 
process. 

Experiments on the hydrogenation of cotton- 
seed oil by Moore, Richter and Van Arsdel 
(Ind. Eng. (!hem. 1917, 9, 451) have shown that 
hnolein is hydnigenated more rapidly tlian olein 
at 200'^' and upwards, so that olein tends to 
a(!cumulate in the fat. To obtain a hardened 
product with the same iodine value as another 
but containing, relatively, more saturated 
glycerides and linolein, it is necessary to eflect 
the hydrogenation under conditions of lower 
temperature, greater pressure, more vigorous 
agitation and a larger proportion of catalvst. 

It was lound liy E. F. Armstrong and T. P. 
Hilditch (Proc. Roy. Soc. 1920, A, 98. 27) that 
in the hydrogenation of lins(‘ed oil in the 
presence of n nickel catalyst, a (‘urve results 
the initial portion of which (30^o of the w'hole 
curve) conespondH with the hydrogenation of 
the whole of the Imolenin and most of the 
hnolein ; there is then a very abrupt change in 
the curve, and this is follow^ed by an approxi- 
mately linear curve at a much lower slope. 

In a further communication by the same 
authors [ibid. 1921, A, 100, 240) on the iiifluenco 
of pressure on the hydrogenation of licpiids in 
the presemee of nickel, it was showm that, in the 
absence of disturbing factors, an increase in 
the pressure of the hydrogen causes a pro- 
portionate increase in the rate of reduction. 
According to Lush (J.S.C.I. 1924, 43, 63t), the 
rate of hydrogenation is approximately pro- 
portional to the square root of the pressure. 

Varying the mass of oil in relation to the 
catalyst has a pionounced effect on the nature 
of the products, and hydrogenated oils contain- 
ing different proportions of isooleic acid may 
thus be obtained (Lush, ibid. 1923, 42, 219Tj. 
The influence of the concentration of the 
catal 3 ’^st on the selective hydrogenation of 
cotton-seed oil has also been studied by Dhiiigra, 
Hilditch and Rhead (J.S.C.I. 1932, 61, 195ti ; 
aee also E. K. Bolton, ibid. 1927, 4Q, 44t, and 
" Oils, Fats, and Fatty Foods,” 1928, pp. 302- 
316. 

R. Thomas (J.S.C.I. 1920, 89, lOr), studying 
different aspects of the mechanism of the hydro- 
genation of unsaturated glycei^ides in the : 
presence of a nickel catalyst, found that the | 


influence of foreign gases on the catalyst and 
on the velocity of hydrogenation might be 
either purely physical or chemical. He con- 
firmed the observation of Armstrong and 
Hilditch that linolein absorbs hydrogen much 
more rapidly than does olein. Kaufmann's 
thiocyanogen method of determining the degree 
of unsaturation of fats has also afforded proof 
of the selective character of hydrogenation 
(Kaufmann and Hansen -Schmidt, Ber. 1927, 
60 [BJ, .50). In experiments with a nickel 
catalyst at 2(MJ” in an autoclave the linolic acid 
in a fat liad disappeared after 135 minutes. 

The effects of the temperature of hydrogena- 
tion on the selective action and upon the 
melting-point and iodiiio value of the product 
havc been studied by K. A. Williams (J.S.Cll. 
1927, 46, 44()T, 448t) over a range of 120- 
200^ 

The formation of isooleic acid is dealt with by 
Moore {ibid. 1919, 38, 320t) ; Hilditch and 
Moore {ibid. 1923, 42, 1.5t) ; Richardson, Knuf h 
and Milligan (Ind. Eng. (^hem. 1924, 16, 519; 
1925, 17, 80) (Jocks, Christian and Harding 
(Analyst, 1932, 56, 368); Lush (J.S.C.I. 1923, 
42, 2I9t; 1924, 43, 5.3t ; 1925. 44, 129t) ; 
Hilditch and Viclyarlhi (Proc. Roy. Soc. 1929, 
A, 122, 552). 

Elaidic acid is the predominating isomer 
formed hut a number of others also appear. 
The total proportion of isomers formed depends 
on temperature, possibly on pn^ssure, certainly 
on the dcgr (‘0 of activity of the catalyst, the 
relative degree of mixing of oil and catalyst, the 
rapidity of desorption of reacting molecules 
from the catalyst and the nature of the c'atalyst. 
It is most marked with platinum, less with 
palladium, still less with nickel and least with 
copper. It is promoted by liigh temperatures 
and is least marlicd in the continuous pro- 
cess. Under constant conditions, the ratio of 
solid iijooleie acid to liquid oleic acid in the pro- 
duct tends to a constant value after the reaction 
has proceeded to a fixed extent, this value being 
maintained until saturation is complete, l^n- 
publishcd researches of K. A. Williams suggest 
that the proportions and the reactions them- 
selves arc controllecl by excess electronic energy 
acquired by hydrogen m its sorption by the 
catalytic metal and subsoquent transfer to the 
oil molecule. 

The tlieory of the catalytic action is dealt 
with by KideaJ and Tailor, “ Catalysis in 
Theory and Practice,’’ 1926; Falk, “Catalytic 
Action,” 1922; Sabatier, “ Lo Catalyse on 
Chiraio Organique,” 1920; various reports of 
the American Committee on Contact Catalysis, 
1922-26 ; Nyrop, “ Treatise on the Catalytic 
Action of Surfaces,” Copenhagen, 1934 ; Hil- 
ditch, “ Catalytic Processes m Applied Chemis- 
try,” 1929; H. S, Taylor (Proc. Roy. Soc. 1925, 
A, 108, 105; J. Phys. Chem. 1926, 30. 150); 
Bloemon (Fettchem. Umschau, 1934, 41, 96, 
151 ) ; Berkman, Morrell and Egloff, “ Catalysis ” 
Reinhold Publishing Co., New York, 1940, 
Hydrogenation, pp. 809-887. 

Arachidic acid may still be detected in 
hardened arachis oil, but a modification of the 
usual test is necessary (see Kreis and Roth, Z. 
Unters. Nahr.-u. Genussm. 1913, 25, 81). 
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Leimdorfcr (Chem. Zentr. 1914, I, 304) has 
shoi^ii that the stearic acid formed in the hydro 
genation of oils is chemically identical with 
natural stearic acid. 

Marine animal oils yield a much smaller 
proportion of insoluble bromides after hydro- 
genation, and the distinctive colour reactions 
of the original oils are either modified or no 
longer obtained. 

Rellicr’s reagent (nitric acid, sp.gr. 1-4, and 
resorcinol in benzene) also gives different 
ecdour reactions with hardened sesain^, eottoii- 
seerl and arachis oils from those given by the 
original oils. The Baudoiiin test for sesame 
oil IS intensified by hydrogenation, but Halphcn’s 
test tor cotton seed oil is inhibited, the chromo- 
gonic substance giving the reaction being des- 
troyed after hydrogenation for 15 minutes with a 
nickel catalyst at 150-100”. 

The amount of phytosterol is not materially 
reduced by hydrogenation at 200”, but eho- 
leslerol is resinified at 200”, and after treatment 
at 250” will no longer yield a crystalline deriva- 
tive (Marcusson and Meyerheim, Z. angow. 
Chem. 1914, 27 , 201). 

Analytical data for hydrogtaiatod oils are given 
by Bonier and Leschly-H arisen (.J.iS.C.T. 1912, 
31, 990); E. Mcllana {ibid. 1914, 33. 701); 
Sudborough, Walsoii and Athawalo {\bid. 1923, 
42 . 10.3A) ; JMyddlcton and Barry, “ Fats 

Natural and Synthetic,” E. Benn, Ltd., 1924 ; 
Williams and Bolton (Analyst, 1924, 49 , 400); 
Williams (J.S.C.l. 1927, 46 , 440, 448t) , and m 
oHier coinmunications already referred to. 

The hydrogi'nation of tung oil is referred to by 
H. 1 Waterman and ( 1 . van Vlodorp (Chem. 
Weekhlad. 1934, 31, 420) who jioint out that the 
course of the reaction vanes with temperature 
nnrl pressure and w ith the nature of the catalyst. 
T. Moor(‘ (Biochem. J. 1839, 83, 1035) has found 
that the strong spectrographic absorption at 
27()p drops, while the originally small value at 
230/1 first rises and then drops, both reaching 
negligible values at saturation. He compares 
the formation of an acid wdth absorption maxi- 
mum at 230/1, indicated by t his observation, with 
the lormatioii of tlu' same acid by hens and rata 
fed on tung oil. He also notes that the hydrogen 
absorption and ilrop in iodine value do not 
correspond in the hydrogenation of tung oil, 
ascribing this discrepancy to the effect of con- 
jugated bonds. 

For a study of the alteration in glyceride 
structure produced during the progressive 
hydrogenation f)f olive and cotton -seed oils, sec 
Williams and Bolton (Analyst, 1924, 49 , 460) 
and Hilditch and Jones (J.C.S. 1932, 805) ; and 
for investigations of the course of hydrogenation 
in the continuous process of Technical Research 
Works, Ltd., see Lush (J.S.C.I. 1923, 42 , 219t; 
1924, 43 , 53t) ; Hilditch and Rhead (J.S.C.I. 
1932, 51 , 198t). Williams and Bolton (Analyst, 
1924, 49 , 460) base a method for detecting hydro- 
genated oils on the determination of isooleic acid, 
using the insolubility of the lead salt of the latter 
in ether and alcohol as a means of separating it 
in admixture with saturated acids from the 
liquid acids. This test affords a much more 
trustworthy indication than the presence of 
nickel, which is now practically eliminated from 


the products of hydrogenation . J. Grossfeld and 
J. Peter (Z. Unters. Lebensm. 1934, 68, 345) 
have extended the applicability of this test. 

Nickel in HvDEoaKNATED Fats. 

The presence of a trace of the metallic catalyst 
was at one time of frequent occurrence in hydro- 
genated fats, especially those of continental 
origin. Bomer (Chem. Rev, Fett.-u- Marz-Ind, 
1912, 19 , 221) found 0 01% of ash with 0 006% 
of nickel oxide in hydrogenated sosam^ oil, and 
0 006% of ash with 00045% of nickel oxide in 
hardened whale oil. Hence, the detection of 
nickel in a fat indicates the presence of a 
hardened oil, although a negative result in the 
tost docs not necessarily prove that such pro- 
ducts are absent, since means, such as treatment 
W'ith dilute hydrochloric acid, arc often (smployed 
to remove the residual metal. In ex|joriment8 
to ascertain the effect of traces of nickel upon 
the human system, Offcrdahl (Her. dent, pharm. 
Gcs. 1913, 23, 558) found that 0-5 g. of nickel 
could he taken daily without any injurious effect, 
99-8% of the metal being rapidly excreted from 
the system. 

Modern edible hydrogenated fats do not 
usually eontaii) more than 1 part of nickel per 
10 million and often much less. 

For the detection of traces of nickel the 
dimethylglyoximc tost may bo used (see Knap[), 
Analyst, 1913, 38, 102), but certain untreated 
oils, free from nickel, may show a similar 
coloration if the test is made directly on the oil. 
The test should therefore be applied to the ash 
of 100 g. of the oil for better results (Frail, 
Z. angew. Fhera. 1915, 28, i, 40). A still more 
sensitive reagent for nickel is a a-benzildioxiinc, 
as auggcstcrl by Atack (Analyst, 1913, 38, 316). 

To obtain products relatively free from 
nickel, Ellis (J.S.C.I. 1912, 31 , 1165) lays stress 
upon the importance of using the catalyst in 
metallic form rather than in the form of oxide, 
since inetallii; nickel will not readily combine 
with free fatty acids to form a soap in the 
presence of free hydrogen. Too rapid hydro- 
genation should also be avoided, so as to prevent 
decomposition of the fat, with liberation of 
water, which might cause hydrolysis of the fat 
and liberation of free fatty acids. 

For thi‘ mechanism of the addition of hydrogen 
to unsaturated glycerides in the presence of 
nickel, see Thomas (J.S.C.I. 1920, 39 , lOx) ; and 
for a study of the relation between the oedusive 
power of palladium for hydrogen and its 
activity in catalytic hydrogenation, sca Maxted 
(J.C.S. 1921, 119 , 1281). 

Nutritive Value of Hardened Oils. 

The digestibility of hydrogenated fats is dealt 
W'ith by Langworthy (Ind. Eng. Chem. 1923. 
15 , 276) who describes researches of the U.S. 
Department of Agriculture. The conclusion is 
drawn that soft hydrogenated fats are as well 
assimilated as natural f^ats, but if the melting- 
point is raised beyond 40^5® the digestibility 
falls rapidly. 

The food value of hydrogenated fats is much 
the same as that of natural fats, but commercial 
hardening prooesBes almost always destroy any 
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vitamins in the raw material. Diets containing i 
a consiclerable ])roi)ortiori of liydrog(‘nated fats j 
aro widespread and lead to no harmful effects 
provided that other sources of necessary ' 
vitamins are included. 

K. A. W. and C. A. M. 

HARGREAVES-BIRD CELL (Vol. Ill, 
03ft). 

HARMALA, ALKALOIDS OF PEG- 
ANUM HARMALA. Jlarmahne, Ilarmine, 
flarmaloi, Harman, Aorharman. The seeds of 
the wdd me, ]*e<jftnum harmala Linn. (Fam. 
Rutjuca*) or harnial seeds have been employed 
from the earliest times in [Eastern medicine as a 
stimulant, anthelmintic, or c'veii narcotic. They 
aro Haul to be the source ot a red dye produced 
in 8outliern itussia and they have been used in 
the manufacture of oil. Wild rue is an odori- 
ferous herbaceous plant, 1-3 ft. high, and 
inhabits 8outh(’rn Europe, Asia Minor, Egypt, 
North-western India and Southern Siberia 
(Kluckiger, Phann. J. 1872, [iii], 2, 220). 

The Hi'eds and root of the plant contain four 
alkaloids, ^mrmoh'nc, C13HJ4ON2, first isolated 
hy Goebel (Annalcn, 1841, 38. 303 ; 39. 289), 
harmine, Ci^H^gONg, obtained by Fiitzsehe 
{ibid. 1847, oi, 300), ftarwi a/of, first 

prepared by Fischer (Her. 1885, 18, 402) and 
vasicine (also called pegamne), belonging to a 
(piito different ehemioal typo of alkaloid. 

From the South American plant “ yage,” 
“ caapi,” “ aya-huasca ” or “ pildo,” used for 
the preparation of a nativ e intoxicant (Perrot, 
Bull Sci. pharniacol. 1923, 80, 107) and which 
has been identified as Hanisteria caajji (Fam. 
Malpighiaeeie) an alkaloid has been isolated by 
various workers and named “ telepathine,” 
“ yageine,” or “ banistcrim'- ” (literature: see 
Rouhicr, ibid. 1920, 33, 252; Rnymond-Hamet, 
(^ompt. rend. 1927, 184, 1206). All three 
alkaloids are identical with harmine; for yageine, 
telepathine, see Eiger, Helv. Fhim. Acta, 1928, 
11, 102, and Wolfes and Rumpf, Arch. Pliarm. 
1928, 266, 188; for banisterine, see Hriickl, 
Araer. ("hem. Abstr. 1930, 24, 4080 and Lewin, 
Chem.-Ztg. 1928, 62, 357. 

Harmal seeds contain about 4% of alkaloids, 
of which half to two-thirds is harmaline. The 
alkaloids are found for the most part in the 
outer portions of the seeds. 

Extraction. — Fritzsche {l.c.) extracts the seeds 
with HgO containing acetic or sulphuric acid. 
The extracts are concentrated to ouc-third and 
the phenolic harmalol separated from the othei 
bases by precipitating the latter with a small 
excess of caustic potash. Harmaline and 
harmine are re-dissolved in acid and precipitated 
as liydrochloridoB by a saturated solution of 
common salt. Harmaline and harmine are 
separated either by fractional precipitation 
with ammonia from their hydrochlorides or by 
fractional crystallisation from MeOH-CeHg 
(3:1 voL). These fractionations are not accurate 
(cf. Hasenfratz, Ann. Chim. 1927, [x], 7 , 161); 
for an interesting separation of the two alkaloids 
by buffer solutions, see Elgazin, A. 1933, 408. 

Harmaline, (I) C13H14ON2, optically in 
active, m.p. 239-240° (decomp.), from MeOH 
prisms or small tables, from EtOH rhombic 
octahedra, is very slightly soluble in cold 


HgO or EtoO, moderately soluble in cold and 
readily soluble in hot EtOH. For ultra-violet- 
absorption curves, see Kharash (Amer. Chem. 
Abstr. 1036, 30 , 2706) ; dissociation constants, 
see. Orlow (Chem. Zentr. 1932, II, 70) ; micro- 
chemical identification, see Amelink (Pharm. 
Weekblad, 1931, 68. 221). 

The salts aro yellow : B HCI,2H20, slender 
needles; the platinichloride is raicrocrystalline ; 
typical salts arc the mercurichloride and the 
acid chromate, insoluble in HgO. The hydro- 
pyanide, B HCN, is still a base and combines 
with acids to form crystalline salts. Acetyl 
derivative, colourless needles, m.p. 204-205°, 
easily affected by acids. By treating (1) with 
CH3I, N-rnethylharmaline hydriodide and 
dimethylharmaline hydriodide are obtained 
(Fischer, Her. 1914, 47, 102). ^^-methylharma- 
line, m.p. 162°, easily soluble 111 EtOH, CHCI3, 
MeOH, sparingly sohiblo in EtjO or C3H3. 
N-methylharmaline and acetylharmaline are 
derivatives of a tautomeric lorin of (I) (Perkin, 
Robinson et al., J.C.S. 1924, 125, 657). 

Harmaline heated in a sealed tube with HCI 
yields harmalol, C|2H^20N2,3H20 ; by gentle 
oxidation with HNO3 I^Mn04 (Fischer, 
Her. 1889, 22, 640; Elgazin, A. 1934, 1117) 
harmine is obtained ; sodium reduction in 
alcohol yields thhydroharmaline {telrahydro- 
harmine). 

Harmine, (IT) Ci^HjjONg, optically 
inactive, m.p. 260-261 *5°, colourless prismatic 
needles from MeOH, easily subliming, is insoluble 
in HgO and sparingly soluble in EtO H and Et20. 
For ultra-violet absorption, dissociation con- 
stants and microchemical identification, see 
relevant references under (1) ; for crystallo- 
graphy, see Hriickl {l.c.). Haimine hydro- 
chloride, platinichloride, oxalate and acid chromate 
crystallise well. The salts are colourless but 
show a deep blue fluorescence in dilute solution 
(Ismailov et al., Chem. Zentr. 1938, II, 3276). 
Melhylharmine has m.p. 209°. On treatment 
with cone. HCI like (1) {see above), (II) yields 
harmol, m.p. 321°, not occurring 

in nature. 

Harmalol, (III) Ci2HioON2,3H20, m.p. 
212° (anhydrous) may be either extracted from 
the natural material or prepared from (I) by 
demethylation. Red needles, sparingly soluble 
in HgO, soluble in CHCI3 and acetone. For 
preparation, see Fischer (Her. 1889, 22 , 638). 
The alkyl ethers of harmalol and harmol are of 
some importance in chemotherapy; for their 
preparations, see e.g. Coulthard, Levene and 
Pyman (Biochem. J. 1933, 27 , 727; B.P. 359180, 
382124; G.P. 568675). 

Constitution of (I) and (II). — (I) is dihydro- 
(II) ; both bases on reduction yield the same 
tetrahydro-(H) ; for catalytic re-oxidation, see, 
e.g. Akabori and Saito (Chem. Zentr. 1930, II, 
3257). Research on the constitution of the 
harmala bases was initiated by Fritzsche 
(Annalen, 1848, 64 , 360; 68 . 361; 1849, 72 . 
306; 1863. 88 . 327; 1864. 92 . 330) and by 
O. Fischer (Her. 1886, 18 . 400^ ; 1889. 22 , 637“ ; 
1897, 80 . 2481“ ; 1905, 88 . 329*; 1912, 45 . 
1930®; 1914, 47 , 99*) and finally concluded by 
the more recent researches of Perkin, Robinson 
etal. (Part I: J.C.S. 1912. 101 , 1775^ II: 
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1913, 108, 1973"; III: 1919, 115, 933®; IV: 
1919, 115, 907‘«; V: 1921,119, 1001*1; VI: 
1922, 121, 1872*2; VII: 1924, 125, 626i®; 
VIII: 1924, 125, 057*^ IX: 1927, I*®; X: 
1929, 29421*). The arrangement of the throe 
riiigB, of which two are hetoroeyclic, created 
uiiuBual difticulticH (r/. I*erkin, Robinson et al.. 
Parts 1 and 11) ; tli(' Hcheme on p. 187 (in which 
the forinuhe are written in thc‘ correct way) covers 
the work of Kischer and the earlier contributors. 

Perkin, Robinson i‘t at. {sec above Parts 111 
and IV) identified harrnan. with a product w'hich 
Hopkins (J. Physiol. 1903, 29, 451) had obtained 
syntheticalJy liy oxidation of tryptophan with 
Icrric chloride (Perkin, Robinson et al., 
l\irt V, p. 1()10). Those findings settled the 
arrangenient of the three rings in the harmala 
bases and deiruinstrated that they are all 
derivatives of 3-(or /3-)earbolino or Norharman 
(4-carlK»line of the earlier literature) : cf. Perkin, 
Robinson <7 al. Part IV ; for changes of nomen- 
clature, ,"#cc J.C.S. 1929, 292(1, footnote. 


n 



ilarinan has not been found in any of the 
plants yielding harm me or harmaline, but Spath 
has found that the two bases Aribim, (Rom 
Arariba rubra, Fain. Rubiacea?) and Loturine 
(from Syruplocoa racemoaa, Kam. Syinplocacea*) 
are identical with harrnan (Monatsh. 1919, 4D, 
351 ; 1920, 41, 401). Rcing of the nature of a 
proto-alkaloid, it is easily understandable that 
hariuan occurs in different familit^s, Harman 
and norharman ]>roved also to be the keystone 
in the elucidation of the structure of yohimbine. 
See Evooia Rut^ecarpa, Alkaeoidh of. 

Harman, CjaHjoNg, m.p. 238°, prisms from 
benzene ; the sulphate, radiating clusters of short 
needles ; the mercurichloride crystallises from 
dilute HCI in long slender needles. For other 
salts, ftee Spath {l.c. 1919); the ordinary salts 
show an intense bluish-violet fluorescence. 

Norharman, CjiHgNa, crystallises from hot 
benzene in colourless slender needles and molts 
at 198’5”, sparingly soluble in cold or 

light petroleum, moderately soluble in Et^O or 
ethyl acetate, readily soluble in MeOH and 
EtOH, also fairly soluble in hot water. A 
dilute acid solution exhibits a vivid fluorescence. 
For synthesis of norharman, see Perkin, Robin- 
son et al.. Part V, p. 1638. The attribution of 
the correct position of the methoxy-group in 
(I) and (II) as well as the position of the 
double-bond in (I), is also due to these authors 
(see Parts VI and IX). 

Several syntheses of the harmala alkaloids or 
of their derivatives have been described, they 
are essentially of 6 different types : 

(a) Condensation of tryptophan with alde- 
hydes and oxidation wdth chromic acid to bar- 
man (Perkin, Robinson et al., Part V) and of 
O-metiioxytryptophan to harmine (Harvey and 
Robson, J.C.S. 1938, 97; cf. also Jacobs and 
Craig, J. Biol. Chem. 1936, 118, 7(!b). 


(6) Formation of an t«ocarbostyril by ring- 
closure of an indole-2-carboxy-acetalaniide 
followed by vigorous reduction : 



similar to the Pomeranz-Fritsch synthesis 
(cf. Fritsch, Her. 1893, 26, 421). Synthesis of 
norharman, Perkin, Robinson et at.. Part V ; 
condensing agent alcoholic HCI at 40°, idem. 
Part VI. Synthesis of N-mcthyltetrahydronor- 
harman, idem. Part VI, with the same con- 
densing agent. 

(r) Formation of a dihydroharman derivative, 
similar to the Bischler-Napicralski synthesis of 
isoquinolines : 


MeOU 


,CH,^ 

CHz 

NH 

CO 


I. 


CH, 


Synthoses of harmalan, harmaii, harmaline and 
harmine, see Spkth and Lederer, Bor. 193U, 68 
fB], 124, or Akabori and Saito, ibid. 2245 ; also 
Spkth and Lederer, ibid. 2102; Asahina and 
Osada, Chem. Zentr. 1927, I, 1479 ; Tatsui, 
ibid. 1928, II, 668. 

(d) Formation of a dihydroharman derivative 
by ring-closure of a 8-aminoketone, viz. 



(Perkin, Robinson et al.. Part IX). 

(e) Formation of a ketotetrahydrocarboline 
by decomposition of the azide of indole-propionic 
acid : 
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(Manske and Hobinnon, J.C.S. 19:27. :240; and 
JVrkin, Robinson H al.^ Part X). 

For tonnaiion of barman derivatives under 
“ physiological ” conditions, see Hahn ft al., 
Ber. l9:j4, 67 [BJ, 2031; Annalcn 1935. 520, 
107, 123; Ber. 1938, 71 1B|, 21(13, 2175. For 
interesting but unBuceessfnl attempts at the 
syntlu'sis of barman derivatives, see also 8path 
and Burger, Monatsh. 1928, 49, 265 ; for the 
synthesis of n/»oharmine, see Perkin, Robinson 
ft al. Part VIII. 

For the pharmacology of the harinala bases. 
see Henry, “ Plant Alkaloids,’" 3rd ed., 1939, 
II. 458 ff. where the literature is cited. 

Sehl. 

HARMALINE, HARMALOL r. Hahmala 
Ai-kaloids. 

HARMAN c. [1 A KM ALA At.KALOIOS Slid 

Vol. I, 4()(P>I. 

HARMINE V . Hahmala Alkai.oios. 

HARMOTOME (Vol. 1, 631^). 

HASHAB (Vol. I, 11c/). 

HASHISH (Vol. IT, 269r). 

HATCH EXTOL ITE (Vol. 1, 685r). 

HATCHETT’S BROWN (Vol. Ill, 471tt). 

HAUSMANNITE. A manganese oxide, 
MngO^, crystallised in the tetragonal system, 
and tlu* richest ore of manganese (Mn 72%). 
It forms pyramidal crystal.s wilh a good basal 
cleavage, and with very much the aspect of 
regular octahedra. They arc opacjuc with a 
sub-rnetalln^ lustre and a dark brownish-black 
or black colour , the streak is chestnut-brown. 
Sp.gr. 4-7— 1-8 ; hardness 5-5 i. Well -developed 
crystals are found at Ilmenau in Thuringia, 
[Ifeld in the Harz, l..angban in Sweden, Bigngg 
in (Cumberland and Miguel Burnier in Brazil. 
Tlio massive black ores of manganese consist of 
mixtures of various manganese oxides, and 
doubtless hausmaiinitc is often present, though 
not readily recognisable in the massive condition. 

L. .1. S. 

HAWK ITE (Vol. IV, 55f)t/) 

HAWK’S EYE (Vol. Ill, 439a). 

HAWTHORN {('raltegua spp.). The fruit 
or “ haws ” of the species are soinctiiiies utilised 
in making sweetmeats and pniscrves. Otto and 
Kooper (Z. IJnters. Nahr.- u. Genussm. 1910, 19, 
328) give the following composition of the haws 
of (j. cocci nea : water, 72-74; acids (as malic), 
9-18; invert sugar, 7-84; sucrose, 0-12%. 

A. G. Po. 

HAWTHORN PERFUME. The natural 
perfume of the hawthorn, or May blossom, 
characteristic of Cratsegus oxyacaniha, one of the 
Rosaccie, is not an article of commerce. All 
hawthorn perfumes are mixtures of synthetic 


fierfumes, which may, in the most expensive types, 
be modified by a little of the natural perfume 
of some other flower which blends with the haw- 
thorn odour. The dominant note in hawthorn 
perfume is struck by anisaldehyde {q.v,) without 
which no hawthorn perfume is possible. Aceto- 
phenone is the second most important consti- 
tuent. Anisaldehyde is a liquid, but for con- 
venience,” or probably greater profit, certain 
German manufacturers offer crystal aubepine, a 
compound of the aldehyde, which is only half as 
strong as the true aldehyde, and far less economi- 
cal. 

Numerous mmlifiers and fixatives arc used, 
and the following may serve as a basic formula 
which can be modified as required. 

Patts. 


Ani.saldehyde ... 100 

Acetophenone .... 5-8 

(%umarin 2-5 

Uimelhyl-hydroquinone 1-3 

Heliotropin 5 

Vanillin 0-6 

Linalol . . 5 

(k*raniol .... 5 

Phenylacetaldehyde .... 1-2 


Traces of benzaldchyile and amyl salicylate 
are iiaefiil, and Hynthetic neroli oil in small 
quantity is an elTectiye modifier. Artificial musk 
is rather too pronounced to be used as a fixative, 
hut a Hinall quantity of cinnamic alcohol or 
tincture of benzoin may be cm]>loyed for tins 
purpose. 

E. .1. P. 

HAZELNUT OIL. The seed-kernels of 
the European hazel (filbert) i^otylns avellaria L. 
eniitain about 59 -65% of oil, ol whic h the hulk 
ean he recover(‘d by e.xpri'ssion as a golden- or 
lemon-yellow oil having the eharac teristie odour 
of hazelnuts, which assists in its identification 
in admixture with other oils. The oil is used in 
perfumery and pharmaey and is prized in 
Switzerland as an edible (salad) oil. It has also 
been used as a lubricant for tine inaehiiiery, and, 
on oecHsion, to adulterate almond oil, or as a. 
substitute lor poach kernel oil {rf. Bennett, 
Chemist and Druggist, 19((8, 72, 89). The 
possible presence of liazcdnut oil in tlie extrac'ted 
fat must Ik*, takem into eonsidcratioii in the 
analysis of chocolate containing niit-fragments 
{rf. Fiiieke, “ Handbueh der Kakao-Erzeug- 
niHse,” Berlin, 1936). 

The following values for genuine samples of 
hazelnut oil are drawn from recent oliscrvations 
{rf. PritzktTand tJungkunz, Z. Unters. Nahr.-u. 
Genussm. 1921, 42, 232; Sehuette and Chang, 
J. Ainer. Chem. Soc. 1933, 65, 3333 ; Bertram, 
Ole, Fette Wuchse, 1936, No. 14, p. 2): dJJ 
0'9152-0-9156, 0-9144, 1-4691-1-4698; 

arid value 0-3-1 *7 ; saponification value 189- 
192 ; iodine value 84-7-86-8 ; thiocyanogen 
value 82-1 (S. and C.) ; Reichcrt-Meissl value 
1*5 (P. and J.), 2-7-3-0 (S. and C.) ; Polenske 
value 0-5-0-7 ; unsaponifiable matU^r 0-35-0-68%. 
The composition of the fatty acids of an oil 
expressed from fresh nuts of Itahan origin was 
determined J^y Sehuette and Chang as follows : 
(calculated to per cent, fatty acids on oil) myristio 
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acid 0-2, palmitic acid 3-J, Hiearic acid 1-0, 
oleic acid 88- 1 and linolic acid 2-9. (The residual 
oil in the nuts, Bubsequcntly extracted by light 
petroleum, contained a slightly higher propor- 
tion of linoleic acid (4-C%) and palmitic acid 
(3-6%).) Bertram records somewhat different 
proportions for an oil extracted by light 
petroleum from French nuts, viz. saturated 
acids 8%, oleic acid 78-2% and linoleic acid 
91%, Arachidic acid is absent; hence the 
isolation of thi.s a fid serves as a means of detect- 
ing adulteration with arachis oil (Pritzker and 
dungknnz, l.c.). Adulteration of hazelnut oil 
with olive oil intiy be detected by the high 
freezing-point of the sample, for the pure 
oil lias a solidificatioii jioint of -IT to — 29‘’f^ 
(cf. Fabris and Si*ttimj, Atti VI (Ving. intern, 
('him. ap])I (Rome), 1907, 5, 755 ; Girard, Monit. 
Sci. 1 889, 3, J 1 81 ). Owing to the low' content of 
linoleic acid, the sc])aration of the saturated 
acids by the Tw'itchell method is attended with 
c'oiisiderable difficulty (Bertram, l.r.). 

h:. L. 

HEATHER or CALLUNA VULGARIS. 

In former times the common heath or heather, 
then named Erica vvlgari/t, was used as a dye- 
stuff for producing a yedlow' cohuir on woollen 
goods (CVookes, “ Dyeing and (’alico IVinting,” 
1874, p. fill). All the five species of Erica or 
heather found in Great Britain were believeil by 
Bancroft (“ Philosophy of PermaiK'iit Colours,” 
1813, II, 108) to be capable of giving yellow’s 
much like those obtained from dyer’s broom. 
The experiments of Hummel, howc\cr, showed 
that E. teirahx (Ixdl heather) and E. cinerca 
1 ‘ontain only traces of yellow colouring matter. 
Heather possesses tanning projicrty and, 
according to H. R. Proctor, coiitains 0-4% of 
tannin. The colouring matter, quercetin, w^as 
isolatt'd by J’erkin and Newbury (J.C.S. 1899, 
75, 837) from an aqueous extract of the gre^en 
portion of the plant, in which only it appears to 
exist. 

The dyeing properties of heather arc similar to 
those of qiieriatron bark ; it is necessary, how- 
ever, to employ 3fi parts of the heather to obtain 
the effec t given bv 10 parts of quercitron bark. 

A. G. P. and E. J. C. 

HEAVY ALLOY. The ” G.F.C. Heavy 
Alloy ” which is 50% heavier than lead, has a 
tensile strength about equal to that of steel, 
with oxeelleiit machining properties. Its per- 
centage composition is : 90 tungsten, 7-5 nickel, 
2Ti copper (Nature, 1941, 148, 507). 

HEDENBERGITE (Vol. Ill, 573«). 
HEDGE-MUSTARD SEED OIL (Wild 
Radish-, White Charlock -Seed Oil) occurs to 
the extent of 20-35% m the seeds of the com- 
mon European field weed liajihanus raphani- 
aimm L., wdiich belongs to the same Family, 
Cruciferar, as the rape and ravison plants. 
Hedge-mustard seed was collected, and the oil 
was expressed on a large scale for the first 
time in Hungary in 1880 on the occasign of the 
failure of the rape-seed harvest. The crude 
expressed oil has a dark olive-green colour ; in 
odour, taste and chemical and physical pro- 
perties it closely resembles rajK) oil, and fre- 
quently appears on the market ^n admixture 
with this oil, or even under its name. The 


following figures indicate the analytical 
characteristics which have been recorded by 
various investigators : dJJ 0-9176-0‘9186 ; n*® 
1-4722, f.p. —13 to — 14‘^C. ; acid value 2-16; 
saponification value 174-179; iodine value 
105-109 {N.B., this value lies on, or just above, 
the upper limit of the iodine value of rape oils) ; 
Reichert-Meissl value 0-7-1 -4; Polenske value 
0-7-0-95, {Cf. Valenta, Dinglers Polytech. J. 
1883, 277 , 36; Grimme, Chem. Rev. 1912, 19 , 
104; Kliniont, Z. angew. Chem. 1911, 24 , 254; 
Kiiorr, SeiferiH.-Zig. 1917,44, 234; BureS, C3iim. 
ct. Ind 1933, Spec. No. (12® C^mgres dc Chirn. 
iiid., Prague (1932), 1073)). 

According to Bures, the fatty acids from ihe 
oil include arachidic acid (ca. 1-5%), linolcnic 
acid (rn. 6%), linoleic acid (ra. 9%) wdth large 
amounts of “ rapic acid ” and small amounts 
of oleic and enicic acids. The content of erucic 
acid (1 5%) suggested by Bure.^ appears to be 
too low, m view of the saponificatifm value of 
the oil and of the composition of oils from 
allied members of the same plant family. The 
identification of the ” ra])ic acid ” (which was 
based upon its low freezing-point as compared 
with pure ol(‘ic acid) rccpiires confirmation, 
since, it has Ix-on .shown (Hilditch, Riley and 
V'ldyartlii, J.S.Gl. 1927, 46 , 4()2t) that the 
so-called ” rapic acid ” formeily reported to be 
characteristic of rape oil actually consists of 
ordiiuiiy oleic acid with, at most, very small 
amounts (co. 1%) of its isomerides. Bures and 
Sedldf report the isolation of a phytosterol, 
raphanisterol, m.p. 136“, from the 

unsaponifiablc matter of hedge-mustard seed 
oil (Almanah Kong. Slov. Apot. 3rd Congr., 
Belgrade-Zagreb-Spalato, 1934, 221 (1935); 

Amer Chem. Abstr. 1937, 108). 

Owing to the similarity of the two oils, the 
detection of hedge-mustard seed oil in rape-seed 
oil 18 extremely difficult. According to \'alcnta, 
the most characteristic test (applicable when 
fairly large quantities of hedge-mustard seed oil 
are present) is the appearance of a green colora- 
tion when the oil is partially saponified wdth 
alcoholic potash, and the concentrated filtered 
8oap solution is decomposed with excess of 
hydrochloric acid. 

E. L. 

” HEDONAU’ flcf-Amyl carbamate, 

C3H7 CHMeO-CO NHa, 
m-p. 74". b.p. 215“ (G.R. 120865). Has bei*n used 
to a small extent as a hypnotic. 

HEDYOTINE. Hedyotiiie was isolated by 
l)cy and Lakshminarayanan from Hedyotia 
auricularia (Fam. Rubiaceas) (Arch. Pharra. 
1933, 271 , 485). This plant grow’s wild in the 
wet lands of the Western Ghats, throughout the 
length of the Indian Peninsula from the Konkan 
to Cape Comorin, extending to Ceylon. The 
inhabitants of South Kanara use it specially 
for intestinal troubles and dysentery. F or further 
details, see Chopra, “ Indigenous Drugs of 
India,” Calcutta, 1933, p. 323. 

Hedyotine, CieH2203N., is a yellow amor- 
phous, veiy unstable base, decomposing ra})idly 
when dried in a desiccator. Only the salts were 
obtained in pure form, they crystallise easily 
and are but slightly soluble in HjO. 
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CiQH.gO,N,.HCI, m.p. 245® (sintering at 
227“), dissolves in 400 parts of H«0 at room 
temperature, is easily soluble in MeOH and 
EtOH; nitrate, m.p. 262° (sintering at 238°); 
picrate, m.p. 265°. 

The chemical structure of hedyotine has not 
yet been elucidated. 

Schl. 

“ HECONON.** A preparation from albiimoso 
and ammoniacal silver salts in which the metal 
appears mainly in the colloidal condition 
(Ojaldback, Daiisk Tidsskr. Farm. 1929, 3, 133). 
It is of value for its antigonococcal action 
(Pharm. Zentr. 1931, 72, 362; Mandl, Wien, 
klin. Woch. 1932, 45, 918). 

H E L E N I E N . The lipochrorne of Jleh nimu 
aiUurnnale is helenicn, C72 Hj]q 04. It .separates 
in dark red needles from ethyl alcohol, m.p. 
92°, and exhibits absorption maxima at 5110, 
4780 and 4660a. (in carbon disulphide). It is the 
(lipalrnitate of lutein. Hclenien also occurs in 
(^kpiranthm. Arnica montana, Jletiop>si8, etc. 
(Kuhn and Winterstein, Naturwiss, 1930, 18, 
418, 754; Kuhn, Wintcrsteiii and Ledorcr, Z. 
physiol, (’hem. 1931, 197, 150; Wintcrsteiii, 
Angew. (.’hem. 1934, 47, 315 ) 

F. S. S. 

HELEN IN (v. Vol. I, llijh). 

HELIANTHIC ACID. An acid isolated 
from sunflower seeds (Ludwig and Kromayer, 
Arch. Pharm. 1859, (ii], 99, 11) and later 
identified with chlorogeuic acid, CjgHjgOft 
{g.v.) (Gortcr, Arch. Pharm 1909, 247, 436). 

“ HELICON ”(e. Vol. 1, 517d). 

HELINDONE COLOURS (r. Vol. I, 
232r). 

H EL IN US OVATUS. (Fam. Hhani- 
na(‘ea*.) A climbing shrub indigenous to South 
Africa. It wa.s examined chemically by Good- 
son (.l.(’.S. 1920, 117, 140) who isolated from the 
leaves acoiiitic acid, quercitol, a saponin and 
scvllitol. 

HELIODOR (v. Vol. 1. 685^), 

••HELIO” DYESTUFFS and PIG- 
MENTS (V. Vol. TV, 236a, h). 

HELIO FAST YELLOW (v. Vol. 1, 233tt). 

HELIOTROPE (v. Vol. II, 25a, 51 7r). 

HELIOTROPE PERFUME. The com- 
mon heliotrope, Hehotropi urn europspuni (Fam. 
lloragmip) is a native of the south and west of 
Europe, and its flowers are used for the prepara- 
tion of perfumes, but owing to (he discovery of 
synthetic heliotropin (piperonal) the natural 
perfume finds a very limited employment. The 
•plant is known in this country as “ cherry pie.” 
Several members of the Compovitm are known as 
heliotrope on the Continent. Most of the 
artificial heliotrope perfumes contain mojlifiers 
of the geraniol type, the basic ingredients being 
heliotropin, with a little vanilhn, coumarin and 
dimethylhydroquinone. 

E. J. P. 

HELIOTROPIN. This v aluable synthetic 
perfume, also known as piperonal, is a crystalline 
compound having a powerful odour of helio- 
trope. It occurs naturally in various plants, but 
it does not pay to extract it, as it can be pre- 
pared artificiaUy at a much lower cost. It was 
originally prepared from the base piperine, from 
pepper berries. This is today merely a matter 


of historical interest. Heliotropin is the 
methylene ether of protocatechuic aldehyde of 
the following constitution : 


CHO 



It crystallises in noodles, m.p. 37° ; forms two 
oximes, m.p. 112° and 146° respectively, and a 
scmicarbazone, m.p. 146°. 

In commerce it is prepared from safrol, which 
is isomerised to iaosafrol by boiUng with caustic 
alkali. Five parts of such wosafrol are oxidised 
by a solution of 25 parts of potassium di- 
chromato, 38 parts ol sulphuric acid and 80 parts 
of w'ater. The reaction protluct is steam dis- 
tilled, the distillate extracted with ether, and 
the hehotropin so obtained is purified in the usual 
manner. 

Heliotropin should be stored in a cool dark 
place, as otherwise it is liable to decomposition. 
It 18 used in man^ perfumes, and blonds well 
with coumarin, vanillin or with lemon, bergamot 
and neroli ojls. 

E. J. V. 

HELIUM. Sym. He. At. no. 2. At. wt. 
4(X)3 (cf. Baxter, Honigsehmid and Lebeau, 
Eighth Report of (’ommittee on atomic weights. 
International L^nion of Chemistry, Her. 1938, 
71 [AJ, 93. Raiiibrulge and Jordan (Rev. Mod. 
Physics, 1937, 9, 370) have obtained the value 
4-00389, and Aston (Nature, 1936, 137, 357, 613) 
the value 4-00391 ; both the.H 0 values were 
obtained by maas-speetrograpliie. mctl^ods, and 
they are referred to the physical scale, in which 
i"0— 16-00000. After appl^dng the correction 
factor, 1-00027, for conversion to the chemical 
scale (naturally occurring oxygen = 16-00000), 
the mean value becomes 4-00285, with a pro- 
bable error of about 1 unit in the fourth place). 
Isotopes : natural helium probably contains the 
single atomic species *He ; Bleakncy, Hamwell, 
Lozier, Smitli and Smyth (Phys. Rev. 1934, 
[iij, 46, 81) find that ordinary helium contains 
less than 1 : 10® and 1 : 10® of ®He and ®He, 
respectively. 

Helium is a gaseous clement which is the 
lightest member of the group of ” rare ” or 
“ inert ” gases discovered late in the last century 
by Rayleigh and Ramsay, and which now forms 
Group 0 in the Periodic Classification of the 
elements. Helium is the lightest gas known, 
with the exception of hydrogen, and its most 
striking property is its complete chemical 
inertness. 

History. 

Helium was discovered spectroscopically in the 
sun nearly 30 years before its presence in the 
earth was recognised. During the solar eclipse 
of August 18, 1868, a bright yellow line was 
observed in the spectrum of the solar chromo- 
sphere ; this was generally thought to bo the 
D doublet of sodium, but Janssen (Corapt. rend. 
1868, 67, 838) showed that it did not coincide 
with the sodiAm linea. On October 20 of the 



102 


HELIUM. 


Name year, Loekycr observed the new line in the 
spectrum of a solar protulHjranoe, but regarded 
it as a new hydrogen line (l*roc. Koy. Soc. 1869, 
17. 91, 131, 288; I’bil. Mag. 1869, [iv], 38. 66). 
Later, Iiowcvct, Lo(*k 3 XT iceognised that the 
yellow line (which was ( ailed on account of 
its association w ilh the sodium linea, and had a 
measured wave-length of 5,876 A.) was due to a 
new element, which he named helium^ from the 
greek 7 ;Atoy, tlic .sun ; Lockyer also attributed 
other uiifiH, signed lines in the solar Hpcetriim, at 
5,016, 4,922 and 6,678 a , to helium (Proc. 
itov. N(»e. 1870, 18, 354). Young (Amer. J. Sci. 

1 872, I 111 |, 4, 356) also as.signed a line at 4,472 A. 
to the new element. Helium lines were soon 
di.sc(nered m the spectra of hot stars by Secehi 
((.'onipt. rend. 1869, 68 , 237, 359). A general 
account of the discovery of helium in the sun is 
given by Lockyer (Nature, 1896, 63, 319). 

In 1881 Palmieri (Keml. Aecad. Sci. Fis. Mat. 
Napoli. 1881, 20, 233; Oazzetta, 1882, 12, 556) 
elaimed to have obseived the J)^ lino in the 
spectrum of a Ibinsen flame into which certain 
voleanie products from V’esuvius had been 
introduced, but the observation is almost eer- 
tamly ineoricet as helium lines cannot be excited 
by such means. Later Hillebrand (Hull. U.S. 
(leol. Survey, 1891, 78, 43; Amer. d. Sci. 1890, 
|iii]. 40, 384; 1892, [liij, 42, 390) obtained an 
inert gas on treating certain uranium minerals 
with sal jdi uric acid, or on fusing them with 
sodium carbonate ; tlu' gas w^as not studied 
fully, but it was thought from its spectrum fo be 
nitrogen, although the existence in the spectrum 
of unidentified lines was duly noted. Hainsay, 
doubting the production of gaseous nitrogen in 
the sulphuric acid reaction, suspected that the 
gas might liave been argon, and undertook a 
more detailed examination of the gas from 
clcvcitc. He found an incit residue which 
would not combine with oxygen on long spark- 
ing ; its Hpcctnim was examined by Uamsay, 
ami by (Vookes, who recognised the bright 
yellow' />3 line of helium, in addition to argon 
linos {rf. Proc. Hoy. Soc. 1895, 58, 65, 67, 81; 
(3iem. New's, 1895, 71, 151). Tlie occurrence 
of helium in gases from uranium ininerals ivas 
discovered independently a few days later by 
Langlet, at Lpsala {rf. (Ueve, Coinpt. rend. 1895, 
120, 834). Further research sliowed that the 
cleveite gas consisted of much helium, with 
traces of argon and some hydrogen, carbon 
dioxide and nitrogen ; the last three gases were 
removed by sparking with oxygen over potas- 
sium hydroxide solution. The density of helium 
was found to lie not greater than 2-13, and the 
ratio of its speritic heats (1-65) showed that 
helium resembles argon in being monatomic; 
the atomic weight was thus stated to be not 
more than 4-26 (Kamsay, Collie and Travers, 
J.C.S. 1895, 67, 684). The L>^ line in the 
spectrum of terrestrial helium was afterwards 
found to be a doublet (Runge, Nature, 1895, 
52, 128), and its identity with solar “ helium ” 
was doubted, but the solar line w'as also 
found to be double (Lockyer and Hale, ibid., 
p. 327 ; Proc. Roy. Soc. i896, 59, 4) and the 
identity of the elements was thus established. 
A number of workers have doubted the ele- 
mentary nature of helium on ficcount of the 


complexity of its spectrum, but aU attempts to 
separate the gas into two or more constituents 
have failed (aee Ramsay and Travers, ibid. 1898, 
62, 316). 

Helium was 6rst detected in the atmosphere 
by Kayser (Chem. News, 1895, 72, 89), who 
observed its lines in the spectrum of crude argon 
preparations obtained from air. The produc- 
tion of helium during disintegration of radio- 
active elements, which explains its presence in 
uranium minerals, was discovered by Soddy in 
1903. 

For an account and bibliography of the early 
investigations on helium, see Ramsay, Ann. 
Chim. 1898, [vii], 13, 433, and Travers, “ The 
Discovery of the Rare Oases,” London, 1928, 

OCCUKIIENCE. 

In the Sun, Stars and Nebulas. — Helium has 
been detected spectroscopically in the chromo- 
sphere of the sun, in which it also occurs in an 
ionised form, and in protuberances and sunspots 
{cf. Pringsheim, ” Vorlesuiigen fiber die Physik 
der 8onne,” Leipzig, 1910). Helium is also 
pre.sent in nebulae, the planetar^" ” mist,” fixed 
stars, and novae, or stars of recent oiigiii. The 
leeiirrencc of helium is related to the tempera- 
ture of the star (Lockyer, Proc. Roy. Soc. 1897, 
61, 148). The spectra of noiw contain helium 
absorption lines displaced towards the violet, 
sliowing that the gas is in radial movement 
towards the oliserver and away from tlie stars 
(Eddington, "‘Expanding I 'inverse,” 1933, 
p. 11). Helium is present to the extent of 
0-23-“.36 X 10~® e.e. per g. in certain specimens 
•f meteoric iron, from which it is liberated by 
di.ssohition in acid (Paneth rt al., Z. Elektrochem, 
1928, 34, 645, 048; Z. pliysikal. Chem. 1931, 
152, 127). The r6lo of helium in the evolution 
of the niiiverso and development of stars of 
various typos is discussed by Saha (Pliil. Mag. 
1920, \\i], 40, 472; 1921. IviJ, 41, 267, 809 ; 
Proc. Roy. Soc. 1921, A, 99, 135; Z. Physik, 
1921,6,40). 

In the Earth's Almospherr. — ^Nunioroii.s workers 
have shown the existence of small amounts of 
helium in the atmosphere, of which it forms 
about 0 0005% by volume, or 0 00007% by 
weight (Claude, Compt. rend. 1909, 148, 1464; 
Watson, il.C.S, 1910, 97, 810). It has been 
elaimed that the helium content of air should 
increase in the upper layers of tlie atmosphere ; 
Paneth and (lluckaiif (Nature, 1935, 136, 717) 
have found that the helium content is constant 
up to an altitude of about 18 km., but is in-' 
creased liy 8% at 21 krii. According to one 
theory the atmosphere should consist almost 
entirely of hydrogen and helium at altitudes 
greater than about 100 km., the eontent of 
helium falling with increasing height (Jeans, 
” Dynamical Theory of Gases,” Cambridge, 
1925). Convincing evidence in favour of such 
theories appears to be lacking. 

In Folmriic Oases, Hot Spring Oases, etc . — 
Small percentages of helium are of frequent 
occurrence in gases of volcanic origin. The 
proportion of helium and the yield of gas vary 
between very wide limits in different regions, 
and rich helium sources are usually localised. 
A number of hot springs yielding gases rich in 
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helium are grouped round a line drawn through 
the French towns of Moulins, Dijon and Vesoul. 
Details of some of the more prolilic French 
springs are tabulated below ; the figures are 
taken from Moureu and Lepape, Compt. rend, 
1912, 155, 197 ; see also Moureu, J.C.S. 1923, 
128, 1913. 


Location and name 
of spring. 

Percent- 
age of 
helium 
in gas. 

Yield in litres per 
year. 

Total gas. 

Helium. 

Santenay (Cute 

d’Or) ; 

Source Lithium 

1016 

61,000 

5,182 

Source C/urnot . 

9*97 

179,000 

17,846 

Source Fontaino- 
Salee . 

8-40 



Maizi^res (C6tc 

d’Or) : 

Source Romaine 

6*92 

18,260 

1,080 

Grisy (Sa6ne-et- 
Loire) : 

Source d’Ys. 

2*18 



Bourbon l^ancy 
(SaOne - et - 
Loire) : 

Source du Lynibo 

1*84 

547,600 

10,074 

N^na (Allier) .* 
Source Ccaar . 

0-97 

3,504,000 

33,990 

La Bourboule 

(Puy - de - 
D6ine) : 

Soiiri’c Chouasy 

001 

30,484,800 

3,048 


The helium content of 8-10% recorded at 
Santenay are very exceptional. Many other 
French springs liberate helium -bearing gas, but 
the helium contents fluctuate considerably. The 
neighbouring European countries also possess 
springs yielding helium, but the quantities are 
generally much smaller. The King's Well, Bath, 
England, gives a gas containing about 015% of 
helium, but the annual yield is small. A few 
German spring gases {e.g, from Baden-Baden 
and Wildbad) contain about 1% of helium (c/. 
Sieveking and Lautenschlager, Physikal. Z. 
1912, 13, 1043). According to Von Angerer and 
Funk (Z. physikal. Chem. 1933, B, 20, 368) a 
spring at Diirkheim is the only German source 
which yields a gas comparable in helium content 
with American natural gas, i.e. containing 1-2% 
of helium. The famous sofioni of Tuscany con- 
tain some helium {e.g. 0-0155% of helium in gas 
from Larderello). Gases containing 0-002- 
0 01 46% are obtained from natural sources in 
Iceland. New Zealand natural gases almost 
always contain some helium (Farr and Rogers, 
New Zealand J. Sci. Tech. 1929, 10, 300). 
Details of many other sources are given by 
Moureu, J.C.S, 1923, 123, 1905, and in Abegg’s 
“ Handbueh der anorganischen Chemie,” Vol. IV, 
Section 3, Part 1 (“ Die Edelgasc ”). 

It is generally accepted that naturally occur- 
ring helium has been produced by radioactive 
Voh. VI.— 13 


disintegration, but the quantities available over 
small areas indicate that the supplies are being 
drawn from gas which has accumulated during 
past ages, and not from continuous radioactive 
sources. Prolific helium sources occur where 
local conditions have favoured the accumula- 
tion of the gas in underlying strata. It is 
estimated that the earth’s crust contains radio- 
active material equivalent to about 2*4 x lO**’ g. 
of uranium, which would produce approximately 
2 X 10^ cu. m. of helium per year. If this 
estimate is correct considerable quantities of 
helium have been lost from the earth during 
geological time, possibly by diffusion into space. 
Interesting regiUarities in the composition of 
helium- bearing gases have been noted ; the 
helium content of hot-spring gases is usually 
small if they contain a large proportion of 
carbon dioxide. Lepape (Compt. rend. 1935, 
200, 163, 336) has observed that gases rich in 
helium are associated with springs yielding 
larger quantities of lithium salts, and that 
sources very rich in helium also yield rubidium 
and caesium salts ; it is suggested that the helium 
has resulted from the radioactive decom- 
position of element 87, the alkah-metal which 
still remains to be isolated. 

In Deposits Associated with Hydrocarbons; 
Natural Gas . — Gases from mineral springs con- 
tain a very large proportion of nitrogen, or, less 
frequently, carbon dioxide. The “ natural gas ” 
occurring m the United States and elsewhere is 
of a different type, and contains largo amounts 
of methane, ethane and other hydrocarbons. 
The natural-gas sources are “ dry ” wells, and 
the deposits arc usually associated with petro- 
leum. The presence of hebum in American 
natural gas was discovered by (Jady and McFar- 
land (J. Araer. Chem. Soc. 1907, 29, 1523; see 
also Ind. Eng. Chem. 1938, 30, 845), who found 
helium contents of up to 1-48% in specimens of 
gas from various localities. The natural gas 
wells in the United States now form the principal 
commercial source of helium. The heUum-rich 
wells occur chiefly in the States of Kansas, 
Oklahoma and Texas, with less important 
regions in Ohio, Montana and California. 
Typical analyses of natural gas are given in the 
table on the next page ; the figures are due 
to Moore (J. Franklin Inst. 1921, 191, 145 ; 
Ind. Eng. Chem. 1926, 18, 198) {see also Cady 
and McFarland, l.c.). 

The amount of helium liberated from United 
States gas wells has been estimated at 18 million 
cu.m, per year (Moore, l.c.) ; the total quantity 
available is assessed at some thousand million 
cu.m. As remarked above, such large supplies 
can only be due to accumulation of helium under 
favourable geological conditions during past 
ages. Although the helium wells are located in 
oil-bearing regions, it is noteworthy that 
“ mixed ” sources of helium and oil are rare, 
the helium wells being completely dry. In the 
famous Petrolia field, which has supplied large 
quantities of helium for commercial under- 
takings, the gas originates in strata 500 metros 
below the su^ace, but oil is obtained at a depth 
of only 100 metres. 

Natural gases containing about 0*3% of 
helium occur tn Alberta and Ontario, Canada ; 
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FleM. 

Location. 

Compoaitlou of gas, %. 

N,. 

CH,. 

CgHg.etc, 

O 2 - 

CO2. 

He. 

Rogern, 

Ohauiauqiia, Kansas. 

43*69 

54*20 

0*00 

0-83 

0-00 

1-28 

Petroha. 

Clay, Texas. 

3M3 

56-85 

10-33 

0*54 

0-25 

0-90 

PeurHon 

Osage, Oklahoma. 

39*59 

59*33 

0*00 

0*45 

0-00 

0-63 

Augiinta 

Butler, Kansas. 

11*08 

74*74 

12-92 

0-57 

019 

0 50 

Big Bell. 

Montgomery, Kansas. 

21*49 

72*23 

5*10 

0-69 

0-08 

0*41 

(;i(‘cn Mary. 

Scott, TennesHce. 

3*22 

63-86 

31 73 

0-65 

0-18 

0-36 

Pavilion. 

Genesee, New York. 

2 56 

87*96 

8-68 

0*49 

0-00 

0-31 

Bicckc'iindgi!. 

Stephens, TexaH. 

13*50 

76*48 

19*68 

0-12 

0*00 

0-21 

Beaver Orcck. 

Floyd, Kentucky. 

0*37 

77*55 

21*13 

0-66 

0*16 

0*13 

Laiicc (Vcck. 

Niobrara, Wyoming. 

0*92 

69*06 

29-19 

0*63 

0-20 

trace 


th(‘ art* probabJy related geographically 

to ibose ill Montana, U.S. Natural gas HOurccH 
yu‘ldirig belinm rIho occur in certain parts of 
iCurope : tlie most prolific is at Neucngaintne, 
near Hamburg, where a gas containing 0*015- 
U-025"{j of helium is liberated, corresponding to 
25,000 cu.m of the latter gas jier year (C’zako, 
Z. anorg. Cheni. 1913, 82 , 249). A rich source 
(0*095%; 20,000 eu.ni. per year) is recorded at 
N'aux-eri-Ilugey, France, and a relatively high 
[KTccmtage ol helium is given for a well at 
LeH(|uin, near Lille (0*924%; 1,359 cu. in. per 
year) (r/. Mourcu, J.C.S. 1923, 1^, 1905). Clay 
(Proc. K. Akad. WeteiiHch. Amsterdam, 1925, 
28, 529) records that petroleum gases from 
Indian sources contain 0*(X)0(i-0-0033% of 
helium. 

The ratio of helium to nitrogen in fire-damp 
IS often much greater than the corresponding 
ratio for air, and fire-damp has been found to 
contain as much as 0*05% of helium. The 
yearly loss of helium into the atmosphere from 
underground wtirkings must be considerable, as 
large volumes of gas are discharged. 

In MineraU and Bocks . — Minerals which con- 
tain appreciable quantities of helium generally 
contain thorium or uranium, from which the 
helium has boon produced by radioactive 
changes. Strutt (Proc. Roy. Soc. 1908, A, 80, 
572), using very delicate means of detection, has 
shown that traces of helium occur in a very wide 
variety of minerals. The gas occurs in solid 
solution or in minute cavities in the mineral, 
and 18 not chemically combined. The highest 
helium contents have been found in specimens 
of thorianite and uraninitc (of which cleveite and 
pitchblende an^ particular varieties), these con- 
tain up to 019% (10*5 c.c. per g.) and 013- 
0*15% (7-2-8-1 c.c. per g. ; cleveite), respec- 
tively {cf. Sie verts and Bergner, Bor. 1912, 45 , 
257fi ; Dunstan and Blake, Proc. Roy. Soc. 1905, 
A, 70, 253; Ramsay, Ann. Chim. 1898, [vii], 
IS, 433 ; Abegg, op. cU. pp. 55-07). Monazite, a 
mineral available in relatively large quantities, 
often contains about 1 c.c. of helium per g., 
and has been used as a secondary commercial 
source of the gas. The quantity of helium ob- 
tained from a mineral of known uranium or 
thorium content has been used tli estimate the 


geological age of the mineral, as a given mas.s of 
uranium or thorium produces a fixed volume of 
helium per year by radioactive disintt'gration. 
The agt‘S obtained by this method vary from 
1(M),009 years for more recent strata to 600 
million yc'ars for rockH of the lower pre-(Jambrian 
period (Lawson, Naturwiss. 1917, 6, 429, 452). 
13ic ages obtained by the helium method are less 
than those derived from determinations on lead 
isotopes, suggesting that partial loss of the 
helium has occurred. 

PllEPARATION. 

In the. Laboratory . — Helium may be obtained 
from the minerals named above by heating with 
dilute sulphuric acid, fusion with alkali, alkali 
hydrogen sulphate, pyrosulphate or diehromate, 
or by heating the mineral in a vacuum. The 
last-named process is the simplest, but a tem- 
perature of 1,000-1,200“ is necessary if the 
maximum yield of helium is to be obtained ; 
about 50% of the gas available in the mineral is 
evolved on heating to a red heat in a hard-glass 
tube (Wood, Proc. Roy. Soc. 1910, A, 84 , 70). 
A larger but still not quantitative yield is given 
by the fusion process, which is comparatively 
rapid : a hard-glass tube about a metre long is 
charged with successive layers of magiiesiiira 
carbonate (10 cm.), a mixture of 3 parts by 
w'cight of finely powdered cleveite and 2 parts 
of potassium pyrosulphate (Travers used equal 
weights of the powdered mineral and potassium 
hydrogen Hulphate), kept in position with an 
asbestos plug, copper oxide, powdered mag- 
nesium and phosphorus pentoxide. When the 
tube is heated in a suitable furnace the mag- 
nesium carbonate produces a stream of carbon 
dioxide, in which the helium is carried off and 
collected over potassium hydroxide solution {cf. 
Laiiglet, Z. anorg. Chein. 1895, 10 , 289). The 
fusion method often gives trouble in practice 
owing to frothing and breakage of the tube. 
The most convenient method is to decompose 
the mineral completely with sulphuric acid ; 
Ewers (Ann. Phys. 1905, [iv], 17 , 797) gives the 
following details of the extraction process ; 
150 g. of finely powdered cleveite are mixed to a 
paste with water in a 500 c.c. flask. Air in the 
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flask is displaced with a current of carbon 
dioxide, and 225 c.c. of concentrated sulphuric 
acid are added through a dropping funnel. 
The helium evolved is removed by a slow stream 
of carbon dioxide, and collected over potassium 
hydroxide solution. Clevoite is a fairly cheap 
laboratory source of helium, as 1 kg. of the 
mineral should yield up to 8 btres of the gas. 
A much commoner mineral which contains 
workable quantities of helium is monazite, large 
supplies of which are used in the extraction of 
cerium, thorium and rare-earth metals ; mona- 
zite affords up to a litre of helium per kilogram, 
and the gas is extracted by heating to 1,000°. 
The Auer-Gesellschaft have marketed crude 
(75%) helium obtained by this method as a by- 
product of gas-mantle manufacture. 

Minerals liberate helium slowly in a vacuum 
at room temperature, and a small proportion is 
evolved on powdering the mineral ; Gray (Proc. 
Roy. Soc. 1909, A, 82 , 301) recovered 28% of 
the available helium in thorianite by powdering 
to a particle diameter of 3/z., but a further reduc- 
tion in size gave no additional yield. 

Helium may also bo isolated from the rarc-gas 
mixture obtained from atmospheric nitrogen by 
pHHMing it over heated magnesium (Ramsay and 
Tra\crH, ibid. 1899, 64 , 183) or a heated mixture 
of magnesium and quicklime (Maquenne, Compt. 
rend. 1895, 121 , 1147), but the process is very 
laborious and the yield is at most 1 litre of 
helium from 200,000 litres of air. The residues 
obtained commercially from the fractional dis- 
tillation of liquid air are, however, a practical 
source of helium {see helov'). Mineral springs 
have also been made to yield small quantities of 
helium for laboratory use ; Ramsay obtained it 
from K-ing’s Well, Rath (Proc. Roy. Soc. 1896, 
59 , 198). 

The purification of the crude helium obtained 
by any of the above methods is conveniently 
i^lfected by fractional adsorption ; as the other 
inert gases with which helium is associated are 
also inert chemically, no chemical purification 
method is applicable. The crude gas is intro- 
duced into an evacuated tube containing adsor- 
bent charcoal, which is cooled in liquid air ; all 
the inert gases except helium and neon then 
condense, and the helium-noon mixture can be 
pumped oft“. The vapour pressure of neon is so 
much less than that of helium at liquid air 
temperatures that a systematic repetition of the 
process gives fairly pure helium (Ramsay, 
kbid. 1905, A, 76 , 111 ; Watson, J.C.S. 1910, 97 , 
812). The adsorption process can be rendered 
continuous (Edwards and Elworthy, Trans. Roy. 
Soc. Canada, 1919, 18 , III, 47), According to 
Peters (Z. physikal. Chem. 1937, A, 180 . 
44), the adsorptive separation of neon and 
helium on charcoal can bo completed by coohng 
to —225°. Fused quartz at 1,000-1,200° is 
permeable to helium, and if a heated quartz tube 
is surrounded with the impure gas, pure hehum 
can bo pumped from the interior of the tube. 
The conditions necessary for a sharp separation 
appear to be somewhat critical ; Watson {l.c.) 
records that the process is not successful with all 
kinds of fused quartz. Paneth and Peters {ibid, 
1928, B, 1 , 253) have effected a complete separa- 
tion of helium from neon by a similar process 


of diffusion through hot glass ; they also record 
that palladium is permeable to hydrogen but 
not to hehum, affording a simple method of 
separation for those two gases. 

On the Commercial Scale . — The principal com- 
mercial source of helium to-day is the plant set 
up by the United States Government at Amarillo, 
Texas, for the extraction of helium from natural 
gas. The use of helium on a commercial scale, 
and for airships, has only been possible since the 
vast resources of the American natural-gas wells 
have been utiUsed. The natural gas used at 
Amarillo is collected at a pressure of 700 lb. per 
sq. in. on the neighbouring Cliffside field; it 
contains about 1-75% of helium. Traces of 
carbon dioxide are first removed by treating the 
gas with sodium hydroxide solution in large 
towers ; this process is important as carbon 
dioxide solidifies and chokes up the liquefaction 
apparatus if it is allowed to remain in the gas. 
The natural gas is then cooled to —185° under 
300 lb. jircHsiire, when all the constituent gases 
liquefy except helium and some nitrogen, which 
are pumped away ; the liquid residue is allowed 
to vaporise and cool the incoming natural gas, 
and is then sold as a by-product for heating pur- 
poses. The crude gas containing about 50% of 
helium is purified by a similar liquefaction pro- 
cess under 2,500 Ib. iiressiirc, which gives 98% 
pure helium ; this second, high pressure stage 
is carried out separately from the main bulk of 
natural gas in order to avoid loss of helium in the 
liquefied residues, in which it is appreciably 
soluble. The purified helium is charged directly 
into cylinders at a pressure of 2,000 lb. per sq. 
in. The operating costs of the process in 1938 
totalled $12 per 1,000 cu. ft., or $9 if allowance 
18 made for the sale of by-product gas; it is 
stated that the costs could be reduced to $5 by 
intensive production. The production of helium 
in the U.S.A. is now a Government monopoly. 
For further details, see Seibel, Ind. Eng. Ghem. 
1938, 80 , 848. 

Attempts to produce helium from natural gas 
on a commercial scale have also been made at 
Calgary, Alberta, using a process ot cooling 
similar to that described above with a final puri- 
fication by adsorption of impurities on charcoal 
(McLennan, J.C.S. 1920, 117 , 923 ; Edwards 
and Elworthy, Proc. Roy. Soc, (Canada, 1919, 13, 
III, 47 ; Lang, ibid. 1923, 17 , III, 181 ; McLen- 
nan and Shrum, ibid. 1922, 16 , III, 181 ; 1923, 
17 , III, 21). The distribution and production of 
helium in Canada are discussed by Rosewame 
and Offord, Canada Dept. Mines Publ. 1932, 
No. 727, 42. Attempts were also made during 
the War of 1914-18 to obtain supplies of helium 
from the soffioni in Tuscany (Porlczza, Giom. 
Chim. ind. appl. 1920, 2, 638, 687). 

The separation of appreciable quantities of 
helium from air is difficult, as the content by 
volume is only about 1 part in 200,000. Owing 
to their low boiling points helium, neon and 
hydrogen are the lost constituents of the atmo- 
sphere to condense on cooling. Dewar (Proc. Roy. 
Inst. 1903, 17 , 223) has obtained a gas containing 
50% of helium and neon by a condensation pro- 
cess working at normal pressures, using liquid 
hydrogen ; thi# is impracticable on the com- 
mercial scale. Claude (Compt. rend. 1908, 147 , 
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624) obtained a Himilar mixture, eoiiLaining 
about 60% of helium and neon with 60% of 
nitrogen, as an uricondensablo residue from a 
liquid-air plant. Regular Hupplies of this crude 
gas can bo obtained from liquid-air rectification 
plants, which are a valuablo source of the rare 
gases ; a Claude plant produces some 20 litres 
of helium and neon per 1,000 cu.m of air lique- 
fied, small losses occurring through the solubility 
of helium in liquid nitrogen and oxygen. After 
removal of the nitrogf3n tiie helium-neon mixture 
contains about 26% of the former gas. The 
separation of helium anrl neon is particularly 
difficult on a large sf'ale ; lor further details of 
the methods used, uliich liave been described 
briefly above, .ser Ramsay and Travers, Phil. 
Trans. 1901, A, 197, 47; Crommohn, Comm. 
Leiden, No. lf;2c (1923) ; Rcc. trav. chim. 1923, 
42, 814; Meissner, Naturwiss. 1925, 13, 695. 
Natural gas is free from neon, so that pure 
helium can be obtained from this source without 
the diflicult separation Inun neon, which is 
inevitable if the gases are obtained from the 
atinos[)lu‘re. 


f .e. values of the ratio where and 

are the pressure and volume at N.T.P. : 


Temp., 

A'. 

B'xlO*. 

C' X 10®. 

-70 

0-7438 

5-322 

4-332 

-35 

0-8721 

5-296 

4*336 

0 

1-00059 

5-217 

3*876 

50 

1 18480 

6-1043 

3-6308 

100 

1-3664 

5 0442 

3-4889 

200 

1-73284 

4-7795 

2-2618 


As before, D' and E' are negligible, ifaiyna, 
Derewjankin, Obnorsky and Parfentiev (Bull. 
Acad. Polonaise, 1934, A, 379) state that the 
following equation represents the behaviour of 
helium at —150° to 500° with considerable 
accuracy : 

j)v=RT-ap{I0T-T„(l -1 

the constants having the following values : 
a, -1085 X 10-® ; 5, -6-86 x lO”* ; Tq, 273-22° ; 
R, 211-82; the units arc metres and kilograms. 
The fundamental coefficient of the normal helium 
thermometer^ whieli determines the change of 


PllYSK’AI. PllOCKRTIES OF HeLIUM. 

Helium is a colourless gas with a density of 
0 17840 g. jier bln! at N.^^]^, or 0-08923 g. per 
litre at O'C. and 380 lum. (Baxter and Stark- 
weather, Proe. Nat. Acad. Sci. 1920, 12, 20), 
giving a gram-molecular uolume of 22-410 litres at 
N.T l\, III agreement wuth the results of other 
investigators. The molecular weight derived 
from the density data is 4 000, but as the gas is 


pressure of a quantity of helium on varying the 
temperature at constant volume, is 0 0()36007 
(Keesom, van der Horst and Taconis, Physiea, 
1934, 1, 324). 

The viscosity coefficient of helium at 20“ is 
1-941 > 10”* (Traut/, and Binkele, Ann. Physik, 
1930, [v], 6, 501 ; valu(‘S are given for tem- 
peratures up to 200°). The variation of vis- 
cosity with temperature is given by : 


monatomic the accepted atomic weight gives the 
value 4-003. Isotherms of helium have been 


plotted by ( limes et al. at temporatuios be- where and lyj arc the viscosities at the 
tw'cen —270’ and 20° ((kmim. Leiden, Nos. 164 absolute temperatures T\ and Tg- Data for 
(1923), 105r, 170a, 1705 (1924), and 1765 (1925) ; ' )wer temperatures are given by van Itterbeck 
Abegg, op. cit. p. 376), llolborn and Otto and Keesom (Physiea, 1938, 5, 257). The via- 
( — 258° to 400°) (Z. Physik, 1925, 33, 1 ; 1926, eosity of helium is independent of pressure 
38, 359), Wiebe. Gaddy and Hems (—70° to except at pressures below about 2 mm. 

200°, w'ith pressures up to 1,000 atm.) (.1. Anier. According to Seheel and House (Ann. Physik, 
Chem. Son. 1931, 63, 1721), and by other workers 1913, [iv], 40, 473) the specific heat of helium at 
over smaller temperature rangers. Onnes repre- constant pressure is 6-040 g.-cal. per g.-mol. at 
sents the isotherms by an equation of the type . J8°, and 4-980 at —180°; the ratio of the 

specific heats (y) is calculated to be 1-660, con- 
pr— A-f - H- - + ! - firming that the gas is monatomic. Keesom 

V V* V® t’® and van Itterbeck find that the velocity of sound 


where the “ virial eoefficicnfcs ” A-F are con- 
stant at each temporatiiro ; in practice only 
A, B and C need be considered, the remaining 
terms being negligible. V^alues of these con- 
stants are given below^ : 


in helium gas at — 182-9“ is 559- 1 metres per 
sec., giving y 1-661 at this temperature (Proe. 
K. Aknd. Wetensch. Amsterdam, 1930, 33, 
440; 1931, 34, 204). The thermal conductivity 
of helium at 0° is 0-0003365 g.-cal. per sq. cm. 
per sec. per °G. (Eucken, Physikal. Z. 1913, 14, 


Temp., “’C. 

A. 

Bxio^ 

CxlO 

0-00 

0-99970 

0-512 

0-12 

20-00 

1-07273 

0-534 

0-13 

100-35 

1-36667 

0-673 

0-16 


324) ; this value is for normal pressures, at 
which the variation of heat conductivity with 
pressure is negligible. 

The refractive index of helium for the wave- 
length of the green mercury line (A 5461 a.) is 


{p is in atmospheres, and v in multiples of the 
speeific volume at N.T.P. ). An equation of state 
used by Holborn and Otto, and Wiebe, Gaddy 
and Heins is of the typo : 


I 00003489 (Cuthbertson and Cuthbertson, Proe. 
Roy. Soc. 1 932, A, 135, 40 ; dispersion data are 
also given). 

Heiium is diamagnetic; its volume suscepti- 
bility is -0-780 X 10“^® at N.T.P. (Hector, 


A'-f B'jo-I- D' j5®-1- E"^J* 


Physical Rev. 1924, [ii], 24, 418). 

The dielectric constant of helium at N.T.P. is 


The latter authors give the folHiwing values of 1*000068 (Hochheim, Verb. deut. physikal. 
A', B' and C', expressing pv in Amagat units, Ges. 1908, [ii], 10, 446). 
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The arc spectrum of helium contains two series 
of lines, the “ orthohelium ” and “ para- 
helium ” series ; the discharge in a Geissler tube 
with a gas pressure of 3-6 mm. is orange-yellow 
in colour, and the orthohelium lines pre- 
dominate. If the pressure is reduced or the 
discharge intensified the colour becomes greenish, 
the change corresponding with intensification 
of the parahelium lines ; the wave-lengths of the 
principal lines m both series are given below 
(the wave-lengths are in Angstrom units; the 
ortho- and para-helium series are denoted by 
O and P, respectively). 


3888-64 () 
3064-73 P 
4026-10 () 
4120-81 0 
4387-03 P 
4471-48 (3 
4713-16 O 


4021-03 P 
5015 68 P 
6876-63 0 
6678-16 P 
7065-20 0 
7281-35 P 


(Knyser, “ Tabellc dor Haiiptlinicn dor Ele- 
rnonto,” Jlorliii, 102(;). A strong condensed 
discharge gives the so-oalled “ spark ” spootrum 
of helium {rf. Lyman, Nature, 1024, 113, 785 ; 
Astrophys. J. 1024, 60, 1). 

Koforonoe has boon made above to the (diffusion 
ot holiiim tlirough quartz glass at high teinpera- 
turoH. 3’he results of iiiimorous studies of the 
dift'uHion of helium through solids are somew hat 
inconclusive. The rate of diffusion through 
fused (piartz at temperatures botw'een —76'^ 
aiul 662° is approximately proportional to the 
pressure, and inversely proportional to the 
thii-knesH of the quartz diajihragm (Braaten and 
(Hark, J. Ainer. Chem. Soc. 1036, 57, 2714). 
I.ord Rayleigh (Nature, 1035, 135, 30, 003; 
Proe. Roy. Soc. 1036, A, 156, 350) reeorcls that 
helium passes freely through celluloid, gelatin 
and “ cellophane ” at- room temperature ; the gas 
IS said to pass between constituent crystals of 
the solid. (Single crystals of quartz and other 
substances are impermeable or only slightly 
jK-rmeable to helium. Lord Rayleigh supports 
the view' that the transmission of helium through 
vitreous quartz, boron trioxidc, etc., is due to 
creepage of the gas molecules along aub-micro- 
seopic channels in the structure; addition of 
alkali to the glass closes the (hannels at room 
temperature and prevents diffusion of the gas. 
Taylor and Rast conclude, however, that 
diffusion of helium through Pyrex glass is 
governed by chemical factors (J. Chem. Physics, 
1938,6,612). 

The Ostwald coefficients for the soluhihty of 
helium in water arc as follows : 


Temperature 0° 10° 20° 30’ C. 

Ostwald coeff. 0-00965 0-0093 0-0091 0-0090 


(The corresponding Bunsen coefficients are 
0-00955, 0-00895, 0-0085 and 0-0081, respec- 
tively) (c/. Cady, Elsey and Berger, J. Amcr. 
Chem. Soc. 1922, 44, 1456, and a correction by 
Valcritiiier, Z. Physik, 1930, 61, 663). Wiebe 
and Gaddy (J. Amcr. Chem. Soc. 1935, 67, 
847) have determined the solubility in water 
at 0-76°, with gas pressures up to 1,000 atmo- 
spheres. 


Critical Constants of Helium; Liquefac- 
tion of Helium. — The critical temperature of 
helium is —268-0° (5-1° abs.), and the critical 
pressure is 2*3 atmospheres. At normal tem- 
peratures the Joule-Thompson effect for helium 
(for measurements, see Roebu(ik and Osterberg, 
Physical Rev. 1933, [ii], 43, 60) IS opposite in 
sign to that for most gases, and helium is heated 
on expansion through a jet or porous plug ; the 
usual methods of cooling used in gas liquefiers 
(c/. Liquefaction of Gases) cannot be applied 
lor this reason. In addition, the critical tem- 
perature is extremely lowq so that helium cannot 
be liquefied by application of pressure at any 
readily available temperature. In 1908 Onnes 
found that the Joulo-Thompson effect for 
helium w-as reversed b 3 " cooling ilie gas in solid 
hydrogen, and was able to use the effect to 
produce further cooling, and eventually lique- 
faction of the helium (Compt. n-nd. 1908, 147, 
421 ; Proc. K. Akad. Wetensch. Ainsterdain, 
1909, 11, 68). An apparatus for the continuous 
production of liquid helium is described by 
Onnes (Versl. Akad. Amsterdam, 1926, 35, 862 ; 
Proc. K. Akad. Wetensch. Amsterdam, 1926, 
29, 1176). Cooling is effected on the cascade 
principle, temperatures of - 85°, —150°, - 183° 
and —253° being reached by evaporation of 
liquefied methyl chloride, ethylene, oxygen and 
hydrogen, respec tively, in successive cycles. The 
helium is eompressed to 30 atm. pressure, 
(!ooled to - 253°, and expanded through a jet ; 
this process, proceeding eontinuoiisly, ultimately 
causes liquelaction of the helium. For descrip- 
tions of other liquid-helium plants, see Liiulc- 
manri and Keeley, Nature, 1933, 131, 191, and 
Kapitza, Pnx-. Roy. Soe. 1934, A. 147, 189. 
Kapitza's ap])aratu8 docs not lequire liquid 
hydrogen for its operation. Pic-cooling' with 
bquid nitrogen is found to suffice, further cooling 
of the helium to about 10° abs. being produced 
by a small exjiansion engine incorporated in the 
apparatus ; the final liquefaction depends on 
the Joule-Thomjjson effect. The apparatus 
produces liquid helium If hours after starting, 
and the output is 2 litres per hour, with a liquid 
nitrogen consumption of If litres per litre of 
liquid helium. 

The boiling point of liquid helium under 760 
mm. jiressure is 4-216° abs. (Schmidt and Keo- 
Bom, Physica, 1937, 4, 963). Data for the vapour 
pressure over the range 0-760 mm. are given by 
the same authors {ibid. 1937, 4, 971). The 
density of liquid helium at the normal boiling- 
point is 0-122 g. per c.c., giving a molecular 
volume of 31-9 c.c. The compressibility ^ 7 to 
8x10“® sq. cm. per kg., is the highest of any 
known liquid (Kcesom and Clusius, Proc. K. 
Akad. Wetensch. Amsterdam, 1932, 85, 320). 
The latent heat of vaporisation has a broad 
maximum in the neighbourhood of 3° 
(approx. 5-6 g.-cal. jif^r g-)> rapidly 

at higher temperatures (Dana and Onnes, 
ibid. 1926, 29, 1051; Van Laar, ibid, 1926, 29, 
1017). 

Liquid helium is one of the most remarkable 
substances known to chemists ; it exists in two 
distinct forms, known as helium-I and helium-ll. 
The relationships between these two liquid forms 
and the vapour and solid are illustrated dia- 
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grammatically in the curve Ijelow, which is not 
to scale. Liriihd helium exists as heh'um-I at 
normal press ures ; the liquid, which can be kept 
for short ficnods in a good Dewar vessel, is 
almost invisible, but the surface has a similar 
appearance to a sheet ol mica by reflected light. 
Slow boding produces a strearn of bubbles of 
helium vapour rising through the liquid. If the 
pressiini over the litpiid is n;duced to a point in 
the curve DM iinnuidiate transformation to 
lielium-Il takes place ; the only visible evidence 
of a change is thc! sudden eessation of the strciam 
ol bubbles us the jxunt M is passed. The point 
h], commonly known as the A-point, is the triple 
point at which beliuin-I, helium-Il and the 
vapour coexist in eqiiililirium ; it corresponds 
with a ionificrature of 18b“ nbs. and a vapour 
pressure of ;b8.'l cm. (Schmidt and Keesoni, 
Idiysica, 19117, 4, 971). The line Ell (thc “ A- 
linc ”) represents the v ariation of the A-point 



with cliango of pressure. Thc^ A-ptdnt corre- 
sponds with a sharp maximum in the specific 
heat of liquid helium (Kcesom and riusius, Proc. 
K. Akad. Wetensch. Amsterdam, 1992, 35, 3U7), 
but there is apparently no latent heat associated 
with the transition between the two forms. 
The density of the lupiid at various pressures 
reaches a maximum value along the A-lino 
(Keosoiii and Keesora, Physica, 19311-34, 1, 128). 
The viscosity falls rapidly below thc A-point, 
and the viseosity tif heliiim-II at low' tempera- 
tures is remarkably low {e,.g. 1-24 micTopoises at 
i -304^ abs. ; water at 20'^’ has a viseosity of 
about 10,000 micropoises) (r/. Keesora and 
Macw'ood, Physica, 1938, 5, 737). I’lie thermal 
condnetivity of liquid helium also shows a 
remarkable change at the A-poiut ; it rises from 
6x10'® g.-cal. per sq. cm. per sec. per °C, at 
3-3° abs. (helium-1) to 190 (same units) at 
l-4-l-75° abs. (heliura-Il). Hclium-ll is by far 
the best conductor of heat yet discovered. 
Helium- II also has remarkable capilhiiy proper- 
ties ; it forms a film about 5 x 10-" cm. thick on 
any solid with which it comes into contact, and 
the liquid is transferred through this 61m to the 
lowest available level (Daunt and Mendelssohn, 
Nature, 1938, 141, 911 ; 142 a 476). No dis- 
continuitj^ occurs in the surface tension of liquid 


helium at the A-point (Allen and Misener, Proc. 
Camb. Phil. Soc. 1938, 84, 299), and the mole- 
cular refractions of the two liquid forms are 
equal (Johns and Wilhelm, Canad. J. Res. 1938, 

A, 16, 131). Debye -Scherrer J-ray diagrams 
of helium-I and -II have been obtained by 
Keesom and Taconis (Physica, 1938, 5, 270), 
wdio consider that the latter has a partly ordered 
lattice structure based on a face- centred cubic 
arrangement, but with half the atoms missing, 
leaving ehannels in the structure. The degree 
of order in the structure of hehum-II is thus less 
than that in the solid, but greater than that in 
hclium-I. 

The portions DE and EF of the curves 
represent the vapour pressures of holium-Il 
and -I, respectively. These vapour pressures 
(p, in cm.) are given by the following equations : 

HeLum-I : 

Iogiop=-1-217-3 024/T4 2-208 logjoT. 

Helium-I I : 

lt>gioP^2 035-3-869/T+0*922 logjoT. 

(Keesom ei al., Proc. K. Akad. Wetensch. 
Amsterdam, 1929, 32, 804, 1314). The point B 
nipreaents the triple point for solid helium^ 
hcliuTii-I, and helium-Il, at 1-753° abs. and 29-91 
atm. pressure. Kobd helium is obtained only 
by eompressioii of one of thc liquid forms ; the 
solid, liquid and vapour cannot coexist in 
equilibrium. Solidification of helium is accom- 
panied by little change in appearance, and is 
detected experimonially by the freezing up of 
a mechanical stiirer. Even at the absolute zero 
of tcini>erature, solid helium w'ouki not be stable 
at pleasures less than about 25 atm. (Keesora, 
Physica, 1934, 1, 128, 161; Kaisehew and 
Simon, Nature, 1934, 133, 400; Simon, ibid. 
1934, 133, 529). The density of solid helium in 
equilibrium with liquid helium-I is 0-23 at 
4-0° and 0-22 at 3-6° abs. ; the heat of fusion 
is 6-75 g.-eal. per g.-atom at 4-0°, and 5-1 g.-cal. 
at 3-4° abs. (Kaisehew and Simon, l.c.). The 
melting-point curve BC, over the range 12-42° 
abs., is given by the equation : 

logio(p+ 1 7) = 1-5544 logioT+ 1-230 ; 

p is expressed in kg. per sq. cm. (Simon, Ruhe- 
mann and Edwards, Z. physikal. Chem. 1929, 

B, 2, 340 ; 6, 02). According to Keesom and 
Taconis (Proc. K. Akad. Wetensch. Amsterdam, 
1938, 41, 95), solid helium at 1-45° abs. and 
37 atm. pressure has a hexagonal close-packed 
structure ; there arc two atoms in the unit cell, 
3-57 A. apart, and the spacings of the {100} and 
{101} planes are 3-07 and 2-75 a., respectively. 

For general accounts of the physics of solid 
and liquid helium, see Satterly, Rev, Mod. 
Physics, 1936, 8, 347 ; Keesom, Natuurwetensch. 
Tijds. 1929, 11, 65; and Burton, Smith and 
Wilhelm, “ Phenomena at the Temperature of 
Liquid Helium,” Now York, 1940. 

Chemical Properties of Helium. 

There is little evidence for the existence of well- 
deOned stoicheiometric compounds of helium, 
although a number of solid substances of in- 
dehnite composition containing helium have 
been obtained, generally under the action of an 
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electric discharge. Intense electron bombard- 
ment of helium in the neighbourhood of a 
tungsten filament gives a black substance which 
Boomer (Proc. Roy. Soc. 1926, A, 109, 198; 
Nature, 1925, 115, 16) considered to be a tung- 
sten helide WHeg. Boomer also found indi- 
cations of the existence of compounds with 
mercury, iodine, phosphorus and sulphur. 
Damianovitch {cf. a review covering the ques- 
tion of the formation of helium compounds. 
Bull. Soc. chim. 1938, [v], 5, 1086, 1092, 1106) 
has also obtained a supposed compound of 
helium and platinum. There is no evidence for 
the formation of hydrates, or of compounds with 
boron trifluoride similar to those given by argon. 

Helium and Radioactivity. 

The a-rays produced in radioactive processes 
consist of the nuclei of helium atoms, which 
l>ccome neutral helium atoms after regaining 
two electrons apiece. One gram of radium in 
equilibrium with its disintegration products 
yields 107 cu. mm. of helium per year. The 
production of helium in the disintegration of 
radioactive elements has been confirmed experi- 
mentally in a number of cases (Abegg, op. cit, 
p. 173). The helium produciid in the “ artificial” 
nuclear reaction 

-> jHe+’Li 

has also been collected and determined by 
Paiieth, Gliickauf and Loleit (Proc. Roy. Soc. 
1936, A, 157. 412). 

Attempts have been made to obtain the 
helium isotopes ®He and •‘He by artificial dis- 
integration methods. Evidence has been ob- 
tained for the production of *He from deuterium 
in a mass-spectrograph (Bleakney, Harnwell, 
Lozier, Smith and Smyth, Physical Rev. 1934, 
[ii], 46, 81) and Joliot and Zlotowski (Coinpt. 
rend. 1938, 206, 1266) state that ®He is formed 
with protons during a-particlo bombardment of 
paraffin wax (.jHe+jH i JH). For a 

general discussion of the question, see Lord 
Rutherford, Nature, 1937, 140, 303. 

Detection and Determination of Helium. 

Helium is invariably detected by its character- 
istic arc spectrum {sec above), given by a dis- 
charge through the gas in a Gcissler tube. This 
method has been refined by Paneth and Peters 
(Z. physikal. Chem. 1928, 134, 353) to permit 
-detection of 10“^” c.c. of the gas ; the lines at 
5876-63 and 5016-68 a. are the last to disappear 
from the spectrum when the quantity of helium 
present in the discharge is reduced. 

The determination of helium in gas mixtures, 
in the absence of other inert gases, is carried out 
by volume measurement after removing all 
other gases by adsorption on charcoal, as in 
McLennan 's apparatus for the determination of 
helium in natural gases (J.C.S. 1920, 117, 943), 
or by chemical means (see, for instance, Moureu, 
J. Chim. phys. 1913, 11. 63). If other rare gases 
are present the determination is more difiicult, 
but gases other than helium and neon can be 
removed by fractional adsorption (Moureu, l.c.) 
and the helium-neon mixture analysed by the 
method of Paneth and Urry (Mikrochem., 


Emich Festschrift, 1930, 233), which employs a 
hot-wire manometer in a Wheatstone bridge cir- 
cuit. This method can be used with gas pres- 
sures as low as 6 X lO** mm. A similar method 
can be used for the determination of 7 x 10~* 
to 10“^ c.c. of pure helium, with an error of 
about 1% for the larger of these volumes. 
Schrder (Z. anal. Chem. 1937, 111, 161) and 
Germann, Gagos and Neilson (Ind. Eng. Chem. 
[Anal.], 1934, 6, 216) have described methods for 
the determination of helium in gas mixtures. 

Uses of Hbijum. 

Large quantities of helium have been used 
for filling balloons and dirigibles; helium has 
92% of the lifting power of hydrogen, and has 
the overwhelming advantage of complete non- 
inflammability. In addition, the loss of gas by 
diffusion through the envelope is smaller with 
helium than with hydrogen. Up to 26% of 
hydrogen may be mixed with the helium without 
producing an inflammable mixture (Satterly and 
Burton, Trans. Roy. Soc. Canada, 1919, 13, 111, 
211 ; Ledig, J. Ind. Eng. Chem. 1920, 12, 1098). 

Increasing amounts of helium are now being 
used for medical purjiosps. It is of great value 
in certain types of n-spiratory obstruction, as a 
mixture containing 79% of helium and 21% of 
oxygen (corresponding with air in composition) 
is much easier to breathe than air, minimising 
muscular effort (Sykes and Lawrence, Brit. 
Med. J. 1938, ii, 448). Substitution of helium 
for the nitrogen in the air supply to divers 
reduces their liability to ” divers’ bends,” a 
complaint caused by separation of nitrogen from 
the blood on reduction of pressure. “ Decom- 
pression ” of cases of ” bends ” is much more 
rapidly effected with helium and oxygon than 
with air (End, Amer. J. Physiol. 1937, 126 , 712). 
Helium has also been used for pneumothorax 
fiUings (Klin. Woch. 1938, 17, 1163). 

In the laboratory liquid helium is extensively 
used in low temperature physics. Temperatures 
less than 1” abs. can be reached by evaporation of 
the liquid under reduced pressure. The helium 
vapour-pressure thermometer is also useful in 
the same field. The helium gas thermometer is 
the basis of the International helium scale of 
temperature. 

Owing to the simplicity of the helium mole- 
cule, helium has been made the subject of 
numerous studies in molecular and atomic 
physics, which are outside the scope of this 
article ; reference should be made to the Indexes 
of one of the Abstract Journals. A full account 
of the work done on the chemistry of helium up 
to 1927 IS included in Abegg’s “ Handbuch dor 
anorganischen Chemie,” Vol. IV, Section 3, 
Part 1, “ Die Edelgase.” 

A. J. E. W. 

» HELiA'* BUSHLIGHT (v. Vol. V, 486d). 

HELLANDITE. Silicate of yttrium, er- 
bium, calcium, aluminium and manganese cry- 
stallised in the monoclinic system. One analysis 
showed YgOg 19-29, ErgOg 16-43, CegOg 101%. 
The crystals are prismatic in habit, and when 
fresh are nut-brown in colour with a resinous 
lustre on the conchoidal fracture. Sp.gr. 3-70 ; 
hardness 6J. The mineral is readily soluble in 
hydrochloric acid with evolution of chlorine, and 
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it ia fusible in the Bunsen flame. Usually, 
however, it is much altered to a yellow or white 
earthy material which is optically isotropic and 
contams much w’ater. The crystals are found 
singly, in association with tourmaline, apatite, 
thorite, orthite, etc., embedded in the granite 
pegmatitc'-veins which are quarried for felspar 
in the neighbourhood of Kragero in the south of 
Norwav. 

L. J. S. 

HELLEBORE IN, HELLEBORIN, 

HELLEBRIN {v. Vol. IJ, :187^ c). 

HELLEBORUS. In ancient medi- 

cine cAAc/Sopuff was a drug prescribed for mania. 
The Black Hellebore of Theophrastus (“ En- 
quiry into riants,” trans. A. Hort, London, 1916, 
II, 266) has licen identified by Thiselton- 
Dyer as IleUtborus cyclophyllus Boiss., and the 
Grt'i^ks’ White Hellebore was considered by the 
same authority to have been Veratrurn album L. 
The Komans (Gelsus, c. a.d. 10) administered 
k. album under the name Hellcborus. The 
confusion of //. species (Earn. Hanuncnlacea') 
and Hpecii'S (Earn. Liliacea") continued in 
later eonturies (c/. Gerard’s “ Ilerball,” 1597) 
until the present day. Thus Green Hellebore, 
11. vir\dis ; Stinking Hellebore, II. fcctidus ; and 
Black Hc'llcboro, nif/er, have been traditional 
remedies in England, but none of these drugs is 
included m the British EharniacojKeia, 1932. 
In th(‘ United States, however, Green Hellebore, 
a native swamp plant, 1". viride, is oftieial in 
U.S. J^harmacopaia XI ; WHiite Hellebore is 
r. album, a closely related substitute imported 
Irom Europe but not oflieially recognised. Th(‘, 
risk of confusing true Hellebores with Veratrurn 
species is pointed out in the literature {e.g. 
Henry, “ Plant Alkaloids,” 3rd ed., 1939, p. <»29 ; 
‘‘Extra Pharniacopo'ia,” 1941, 1, p. 364; 
B.P.C’. 1934, 606). 

11. niger, C‘hristinas Rose {v. Vol. Tl, 1). Eor 
the active cardiac glycosides recently isolated, 
see Vol, II, 3876. The drug is the root and 
rhizome. The powdered root is irritant and 
sternutatory; given internally it is strongly 
cathartic, and toxic, over tloses have had fatal 
results. //. niger does not contain alkaloids 
(Keller and Sehobel, Arch. Eliarm. 1927, 265 , 
1238). For further references, see J. L. L. van 
Rijn, “ Die Glykoside,” 2nd ed., Berlin, 1931, 
pp. 128, 132, 133; ” U.S. Dispensatory,” 22nd 
ed., 1937, p. 1406. 

Hellcborus viridis. Green Hellebore, Earn, 
llanuneulaceac, is found as a rare wild flower in 
England and was a traditional remedy for 
dropsy (Sowerby, ” English Botany,” 1873, 
Vol. 1, p. 56). A continental variety contained 
the glycosides previously found in 11. niger and 
in addition four alkaloids: cellianune, 

c„h„o,n, 

m,p. 127-131°; apriniillaminc, c,,h„o,n, 
m.p. 228-229 ; spriniilline, CjjH^jCjgN, m.p. 
141-142°, which are cardiac alkaloids, and 
alkaloid V, C-gH^gOgN, m.p. 267-268° (Keller 
and Schdbel, Ic. ; ibid. 1928, 266 , 545). The 
three named alkaloids arc pharmacologically 
similar and resemble cevadino, aconitine and 
delphinine (Franzen, Arch, expf Path. Pharm. 
1931, 159 , 183). For a comparison of the 


potency of six Helleboms species, see Tschirch, 

“ Handb. d. Pharmakognosic,” 2nd ed., Vol. II. 
Berger discussed characteristics and tests for the 
black and green species (Scientia Pharm. 1939, 
10, 83). The rhizomes of these species cannot 
he distinguished unless the radical leaves are still - 
attached (W'^allis and Saunders, Pharm. J. 1924. 
118, 90, 133). 

H. fostidus (Sowerby, op. cit.), formerly a 
reputed antithelmintic. //. orientalia has 
been analysed by Sonntag and Kuhlmann 
(Apoth.-Ztg. 1937, 52 , 227 ; see also papers in 
Pharm. Ztg. 1937, 82 ). 

White Hellebore. — Veratrurn album (Fam. 
Liliacea*). The drug is the dried rhizome and 
root of a European alpine plant ; it is not official 
in the British Pharmacopoeia or in l\S. Pharma- 
eopa'ia XI, and is classed in Part 1 of the 
(British) Jkjisons List. V. album was formerly 
prescribed as a cardiac depressant. Its toxicity 
is best determined by a bio- assay, e.g. on 
iJaphnia magna IViehocver and Cohen, Amor. J. 
Pharm. 1939, 111, 86). The powdered drug has 
been used as a parasiticide. In appearance 
and properties T^ album so closely resembles 
V. viride that some authors considered the drugs 
to be equivalent. The alkaloids of E. album 
have been studied by Wright and Luff (J.C.S, 
1879, 35 , 406) and by Salzberger (Arch. Pharm. 
1890, 228 , 462) and recently Poethke [ibid. 1937, 
275 , 357, 671; 1938, 276 , 170; Amer. Chem. 
Abstr. 1939, 807) has revised the existing 

data and described some new' alkaloids. Those 
now known include je.rvine, CgaHg^OgN, m.p. 
243°; ruhijcrvine, C^gH^gOgN, m.p. 239°; 
psevdojervuiCf m.p. 304° ; proio- 

veratrine, C4OH03O14N, m.p. 255°; and f/er- 
mertne, C30H57OJ1N, m.ji. 193°, These arc 
crystalline, and protoverainne is highly toxic ; 
see also Henry, op. cit., p. 629. 

Green Hellebore, American Hellebore.— 
Veralrvm viride (Earn. Liliace.a*), cf. White 
Hellebore above. The drug is official in the 
U.S. Pharniacopaua XI, but not in the British 
Pharmacopaua ; it is classed m Part 1 of the 
(British) Poisons List, it has been presenbod 
as a powerful cardiac sedative. Eor its staiidardi- 
sation, see V. album. It has been largely used 
in dilute aqueous suspension for destroying 
insect larvw in garbage, but its toxic properties 
render it dangerous for spraying vegetables. 
The alkaloidal content resembles that of V. 
album but has not been so closely studied ; the 
presence of cevadine has been reported in V. 
-viride (Wright, J.C.S. 1879, 35 , 422 ; cf. T. Soil- 
man, “ Pharmacology,” 5th ed., Philadelphia, 
1936). 

J. N. G. 

HELLHOFFITE (u. Vol. IV, 645d). 

HELMINTHOSPORIN (u. Vol. V, 55o). 

** HELMITOL,” '^formamol.” Trade name for 
a compound prepared from hexamethylenetetra- 
mine by the action of anhydromethylene citric 
acid, 

O CHj 

(CO,HCH,),C<' I 

\CO— O 

obtained by the interaction of formaldehyde or 
chloromethyl alcohol and citric acid (G.P. 
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129255, 160949). It is valued as a urinary 
antiseptic and is used in the treatment of 
rheumatism. 

HELVITE(i;. Vol. Ill, 647o). 

HEMELLITHENOL. 3:4:5-Trimethyl- 
phenol, m.p. 81“. (Jacobsen, Ber. 1886, 19, 2518). 

HEMICELLULOSES. The ceU-walls of 
many plants contain polysaccharides other than 
cellulose, certain of which have been described 
by the general name of “ hemioellulose.” The 
term was suggested by E. Schulze in 1892 to em- 
brace certain polysaccharides which he obtained 
from plant materials by extraction with dilute 
alkali. Since that time the name has been 
given to polysaccharides of the cell- wall which 
arc soluble in alkali and hydrolysed readily by 
dilute acid. It is obvious that by this definition 
a large number of carbohydrates with no signifi- 
cant constitutional relationship will be included, 
and in practice the term is retained, oiil}^ because 
of its convenience for referring in general to the 
complex mixture of polysaccharides obtaineil 
when plant material is extracted with alkali. 
Homogeneous products isolated from such a 
mixture are usually named from the 
Cr, sugar they yield on hydrolysis, e.g. xylan 
from esparto grass, mannan from the ivory- 
nut. For convenience, these substances are 
desiTibed under Carbohyduatks, Vol. 11, 287fl, 
:K)3 c. 

The diftieult task of preparing ijure homo- 
geneous specimens from hemicellulose material 
has been aecomplislied in comparatively few 
eases. Most workers partly purify their pro- 
ducts by fractional precipitation {e.g. by acidifi- 
cation of the alkaline extract, and by the addi- 
tion of alcohol) or by forming an insoluble 
copper complex (Heiiser, J. pr. (^hem. 1922, [iij, 
104, 261), but this process rarely yields pure 
products. Separation may soraotinHvs bo effected 
by raethylatioii {see Hampton, Haworth and 
Hirst, J.C.S., 1929, 1739). 

A brief note on the hemicelluloHes isolated 
from the chief sources follows. 

Wood . — The hemirelluloso from Aracricai 
white oak gives on hydrolysis d-xylose, I 
arabinose, d-mannose and d-gaJactosc (O’Hwycr, 
Bioebem. 1923, 17, 503). English oak has 
also been examined by O’Hwyer {ibid. 1939, 
33, 713 ; 1940, 34, 149). Two main fractions of 
the hemicellulose have been obtained; A, by 
acidification of the alkaline extract, and B, by 
addition of alcohol to the filtrate from this opera- 
tion. “Hemicellulose A” from both the sapwood 
and the heartwood contains xylose and a mothy* 
uronic acid, but that from the sapwood contains 
also some 10% of glucose, “ Hemicellulose B ’’ 
from both sources contains xylose and a nroni' 
acid, and that from sapwood contains glucose in 
addition. 

Boxwood yields a product from which xyloa 
and a uronic acid have been isolated (Preece, 
ibid.., 1931, 25 , 1304). From larch wood {Larix 
occidenlalis) an “ e-galactan “ has been obtained 
which has been separated into a galactan and 
an araban (Peterson, Barry, Unkauf and Wiscj 
J. Amer. Chem. Soc. 1940, 62 , 2361 ; Hirst, Jones 
and Campbell, Nature, 1941, 147 , 25). The mole 
cular weights of several polysaccharides from 
wood have been calculated by Husemapn from 


Dsmotio pressure measurements (Naturwiss. 1939, 
27, 695). 

Straw . — From oat and rye straw hemi- 
celluloses have been obtained which on hydro- 
lysis yield d-xylose, l-arabinose and d-galactose 
Norman, Biochem. J. 1929, 23, 1353). Those 
rom wheat straw and lucerne hay yield chiefly 
d-xylose and /-arabinose (Weihe and Phillips, 
J. Agric. Res. 1940, 60 , 781 ; Phillips and Pavis, 
ibid. 1940, 60 , 775). 

Seeds. ^-d -Xylose, /-arabinose, d-glucose and 
uronic acids have been found on hydrolysis of 
the hemicellulose from wheat bran (Norris and 
Precce, Biochem. J. 1930, 24, 60), and maize 
cobs give somewhat similar products (Prcece, 
ibid. 1930, 24, 973 ; Angcll and Norris, ibid. 193(), 
80 , 2155). From the shell of the ivory-nut 
{Phyielephas marrocarpa) mannans have been 
isolated (Patterson, J.C’.S. 1923, 1139; Klagcs, 
Annalen, 1934, 509 , 159). f>om the peanut 
{Arackis hypogma) a galactan and an araban 
have been obtained, and it appears that the 
structure of tlic latter is similar to that of the 
araban present in apple pomace (Hirst and Jones, 
J.C.S. 1938, 496; 1939, 454). 

For a discussion of the many problems in this 
field, see A. G. Norman, “ The Biochemistry of 
(kdlulose, the Polyuronides, IJgnin, etc," 
Oxford University Press, 1937. For experi- 
mental details of the methods used in these 
investigations and a description of the isolation 
of many hemieclluloseH, see l)or6c, “ The 
Methods of OjUuIosc Chernisfry," Chapman and 
Hall, 1933. 

G. T. Y. 

HEMIMELLITENE {v. Vol. Ill, 457a). 

HEMIMORPHITE (or Ehntric Calamine). 
Hydrous silicate of zinc, ZngHjjSiO^, crysial- 
lising in the orthorhombic system, . and an 
impoitant ore of zinc. The water is ex]>elJed 
only at a red heat, and the formula may be 
wTitten as an acid salt or as a basic metasilicatc, 
Zn„( 0 H),Si 03 , or as a basic diortliosihcatc, 
H 2 Zn 2 (Zn 0 H)a(Si 04 ) 2 . An important chemi- 
cal character, of help in recognising the mineral, 
is the fact that it readily gelatinises wdth 
acids. Crystals are not uncommon, but are 
usually small ; they are often grouped in fan- 
like aggregates, at the edges of which the perfect 
prismatic cleavage with pearly lustre may often 
be seen. When doubly terminated, they show 
a characteristic hemimorphic development, 
different kinds of faces being present at the two 
ends of the vertical axis. Connected with this 
polarity is the strong pyroelectric charactc'r of 
the crystals. The mineral also forms mamillated 
and stalaetitic masses ; or it may be massive 
and cavernous and cellular, being then often 
mixed with clayey matter or smithsonite. The 
colour ranges from white to yellow and brown, 
and is sometimes bright blue or green. Sp.gr. 
3*45; hardness 4^5. Hemimorphite usually 
occurs in association with zinc carbonate 
(smithsonite) and zinc- blende and ores of lead, 
often as veins and beds in limestone strata. 
Fine large crystals are found at Santa Eulalia, 
Chihuahua, Mexico ; and the mineral has been 
mined as an ore at several localities, e.g. 
Cumbcrlanc^ Altenberg in Rhenish Prussia, 
Sardinia, Santander in Spain, Hungary, Northern 
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Rhodesia, United States, British Columbia, etc. 
The ambiguous name calamine (7.V.) is often 
applied to this mineral species. 

L. J. S. 

HEMIPINIC ACID, CjoHjoO, (3:4- 
dimethoxyphthalic acid, 3-4-dimethoxybenzene- 
l:2-dicarboxylic acid) jh a product of oxidation 
of many alkaloids, e.(j. narcotino (Wohler, 
Annalen, 1H44, 50, 17), bcrbeniic (Schmidt, Ber. 
1883, 16, 2589). Jt may be prepan^d by warm- 
ing 3:4-dimc'tlioxy-2-niethylbenzoic acid with 
alkaline permanganate (Perkin, 1916,109, 

921), or by heating Liebermann’s opianie acid 
oxime anhydride (Bit. 18H6, 19, 2278), 

OMe 

MeOr^ '^,CO O 

I 

L, ^ICH;N 

with potaHsiiim hydroxide, acidifying and ex- 
tracting ^\ith ether (Goldschmidt, Monat.sh. 
1888, 9, 376). The melting-point varies with 
the rale of heating, 177' (Perkin, .J.C.S. 1889, 
55, 73, 85), 186-188" (Kabe and McMillian, 
Annalen, 1910, 377, 239, 241). It crystalliaea 
with 2 H 2 O iiHuully, but also with 1 mol. and 
2J mol. ol water. 

Slightly soluble in cold water, but more so 
than o])ianic acid, from which it may be separator! 
by iiieaiiH of its calcium salt (Kodioiiow and 
Ahlelzowa, Gbem. Zentr. 1935, 11, 685). Soluble 
in alcohol but sparingly solubli' in ether. Heal 
of eombustioii l()2-46 g.-eal. (Leroy, Goinpt. rend. 
1900, 130, 510), K-l-U 10 at 25" (Kirpal, 
Monatsb. 1897, 18, 462). The aqiieous solution 
gi\es an oiaiige-'sidlovi' precipitate with feme 
cldoiide solution. JiCad aectale gives a gela- 
tinous preci})itate solubl(‘ in excess of the reagent 
and reprecipilated as a deiisi*. pow der on heating. 

On heating at 180" for 1 hour the anhydride is 
ioirued (Beckett and V\' right, J.C.S. 1876, 29, 
173, 282). 73io anhydride is also obtained by 
the action of 4 mol. phosphorus pciitacliloride on 
the dried acid at 140" for 2 hours in sealed tubes 
(Preinid and Horst, Ber. 1894, 27, 333). The 
aiil)ydrid(“, m.j). 166-167", reacts with resorcinol 
lorming dimctlioxyfUiorescein (Priedl, Weiz- 
maiiii and W^ylcr, J.C.S. 1907, 91, 1584). 

(Jentlc nitration gives ii-mirokemi'innic aridf 
m.p. 154 -155", and (S-nitro-2:‘i-dimeihoxybenzoic 
acid, m.j). 189" (VVegseheider and v^oii Kusnov, 
ISlonatsh. 1908, 29, 546; Wegscheider and 
Klenienc, ibid. 1910, 31, 740), while fuming 
nitric acid at 60" gives, amongst other products, 
5:{j-dinitro-2:'S-diwethoxybenzoic acid, m.p. 196- 
197" (Wegscheider and Klemenc, l.c.). 

Heating with concentrated sulphuric acid gives 
1 :2:6:6-tctrahydroxyantliraquinone (Liebennann 
and Chojnacki, Annalen, 1872, 162, 327). 

5~Chlorohemipinic acid, m.p. 168-169°, is 
obtained from the acid and potassium hypo- 
chloi-ite in caustic potash solution. 
chlorohtmipinic acid, m.p. 130°, is obtained by 
the direct chlorination of an alkaUne solution of 
the acid (Faltis, Wrann and Kilhas, Annalen, 
1932, 497 , 88). 

For ^-amino-, %-hydroxy-, G-chloro- and 6-iodo- 
hemipinic acids, see Grime, Ber. 1886, 19, 2302 ; 
Faltis and Kloiber, Monutsh. 1929, ^/54, 620. 


The acid forms many esters, both mono- and 
di-estors. The 2-monomethyl ester exists in 
two modifications ; the labile form crystallises 
from water with 1 H-O, m.p. 96-98°, anhydrous 
121-122° ; the stable form with 1 HjO ciystallises 
from ether, m.p. 98-102°, water-free crystals 138° 
(Wegscheider, Monatsh. 1897, 18, 418, 589, 629). 

Hemipinic anhydride condenses with o-cresol 
in the presence of AICI 3 to give 3:4-dimethoxy- 
2:2-di(4-hydroxy-3-methylphenyl) phthalido and 
3:4 - dimethoxy- 2-(2-hydroxy-3-methylbenzoyl)- 
beiizoic acid (Jacobson and Adams, J. Amor. 
Chem. Soc. 1925, 47, 283). 

w- Hemipinic Acid (4:5-dimethoxybenzeiie- 
l:2-dicarboxylic acid). — Obtained by the degra- 
dational oxidation of alkaloids such os papa- 
verine (Goldschmiedt, Monatsh. 1885, 6, 380) or 
corydalin (Dobbio and Marsden, J.C.S. 1897, 71, 
664), also by oxidation of brazilin trimethyl 
ether (Gilbody, Perkin and Gates, ibid. 1901, 
79, 1405) and of emetiii (Windaus and Hermanns, 
Ber. 1914, 47, 1471 ; cf. Spdth and Lcithe, ibid. 
1927,60, |BJ, 688). 

The acid may be prepared by the alkaline 
oxidation of 4:5-dimethoxy-2-methylbenzoic 
acid with potassium perinaiiganate (Luff, 
Perkin and Robinson, J.C.S. 1910, 99, 1136), 
or by coiideiisatioii of 3:4-dimpthoxybenzoic 
acid w ith chloral and siilpliunc acid followed by 
reduction to 3:4-dimethoxy-6-j9/9-dichluroothyl- 
beiizoic acid, and oxidation to in -hemipinic acid 
with alkaline permanganate (Meldrum and 
Parikli, Chem. Zentr. 1935, II, 213). It may 
also be prepared by the oxidation of 5:6-di- 
mothoxy-l-hydiiiidoiie with nitric acid (Perkin 
and Hobiiison, J.(;.S. 1907, 91, 1083). 

m-Hemipinic acid cr 3 ’^BtalhseH with 1 and 2 
mol. of water, and also in tlie anhydrous form ; 
m.p. (gradual heating) 174-175", (more rapid 
heating) 179-182°; yields the anhydride, m.p 
175°, on heating above 190°. The acid is much 
less soluble in water than the isomeric acid and 
gives a cmnabar-oraiige precipitate with ferric 
chloride and a white precipitate with silver 
nitrate. Nitric acid gives dinitroveratrol, and 
4:5-dihydroxyphthalic acid is obtained by 
hydrolysis with hydriodic acid (Rossin, Monatsh. 
1891, 12, 493). The acid may be identified by 
means of its eihylimide, m.p. 229-230°, and by 
the anhydride. 

i>oHecnipinic acid (3:4-(limcthoxybenzciie- 
l:5-dicar boxy lie acid), has been isolated from 
lignins (Froudenberg, Janson, Knopf, Haag and 
Moister, Ber. 1936, 69, 1416). 

H E M I S I N E . Syn. for Adrenaline {q.v.). 

HEMLOCK (V. Vol. Ill, 324c). 

HEMLOCK SPRUCE RESIN. The main 
constituent of the resin, e.g. frooi Picea exceUa 
and from the Japanese hemlock (Kawamura, 
Bull. Imp. Forestry Exp. Stat. Tokyo, 1932, 
No. 31, 73) IS tsugaresincl, m.p. 236-237°, 
^ 20 ^ 20 ^ 6 - structure ia given as ; 


RCH<^ \CHR 

\co/ 



MeO 
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H EM P (w. Vol. V, 162<J-163c). I 

H EM PS E ED OIL. The seeds of the hemp ; 
plant, Cannabis sativa L.» contain about 30% 
of oil, of which the bulk can be removed by 
expression. Hemp is cultivated in most warm 
and temperate lands, either fur the sake of the 
fibre or as a source of oil. The chief producers 
of the oil, which is mainly consumed locally, 
although the expressed hempseed cake appears 
in international trade, are China (Manchuria), 
Russia, Franco and Italy ; the Russian produc- 
tion of 630,000 to 956,000 tons per annum over 
the years 1926-30 equalling that of linseed oil. 
The annual French production of oil has been 
estimated at over 10,000 tons, whilst a similar 
amount has lieon forecast for Germany. The 
cultivation of hemp has also been undertaken of 
late years in the United States, where apprecia- 
tion of the oil as a raw material for the paint 
and varnish industry has been steadily growing. 

Freshly expressed hempseed oil is light green 
to greenish -yellow in colour, becoming brownish- 
yellow on keeping, and is readily refined. The 
chcmit;al and physical characteristics of the oil 
fall within the following ranges : d\\ 0-925-0-933; 
saponification value 188-194; iodine value 
140-170 (usually between 150 and 166); m.p. of 
tatty acids 17-2r'Cj. Spniikmeyer and Died- 
richH(Z. I'ntcrs. Nahr.-u.GenusHin. 1912, 28,079) 
obtained 8*8% of ether-insoluble bromides by 
hrominatiiig the oil itself; Eibner (r/. Eibner 
and Wibclitz, (Jhem. Uinschau, 1924, 31, 123) 
obtained only 2% of ether-insoluble bromides 
from the/aWy acids of hemp oil, but Heiduschka 
and Zwergal (Pharm. Zentralh. 1936, 77, 651) 
and Kaiifmann and Juschkovitsch (Z. angew. 
( 'hem. 1 930, 43, 90 : examination of an expressed 
Russian oil) find 17-8% and 20*6% of insoluble 
(fatty acid) hexabromides, resiiectively. 

From 4-5 to 9*5% of saturated acids has been 
isolated from the oil by various observers, but 
the composition of the remaining unsaturated 
acids is uncertain. Kaufmaiin and Juschke- 
vitsch, using the thiocyaiiomctric method, com- 
pute the composition of the fatty acids (iodine 
value 174-6) from an oil of iodine value 107 
to be : saturated acids 10%,^ oleic acid 12%, 
linoleic acid 53% and linoleiuc acid 26% 
(r/. Schestakoff and Kuptschinsky, Z. dent. Oel- 
u. Fett-Ind. 1922, 42, 741). It is likely that the 
proportions of the unsaturated acids, and 
especially of linolenic acid, may vary with the 
climate of source or locality of the seed. Hemp- 
seed oil may be classed as a scmi-dryiiig oil, and 
is used, especially on the Continent, in the manu- 
facture of green soft soap, and of boiled oils for 
the paint and varnish industry (c/. V. S. Kiselev 
and (Jharov, Maslob. Shir. Delo. 1929, No. 11, 
24 ; Chim. et Ind. 1930, 23, 1461 ; Kansas City 
Prod. Club, Oil, Paint and Drug Rop. 1935, 128, 
No. 22, 64). In Asiatic coimtries the oil is ex- 
tensively consumed as an edible oil, some 
60-65% of the total Russian production being 
thus used [see report by Tilgner and Schillak, 
Polish Agric. and Forest Ann. 1938, 44, No. 2/3, 
437 (Amer. Ohem. Abstr. 1938, 32, 8613) on 
the suitability of refined hempseed oil for the 

^ I.e. 0-5% on the oil determined by Bertram’i 
method. 


^anuing of fish] although the presence of traces 
of toxic or narcotic substances in the oil has 
occasionally been reported (c/. Kaufmani) and 
Juschkovitsch, Lc . ; T. Y. Lo, Natl. Peiping 
Univ. Coll. Agric., Nutrit. Bull. B. 1936, (2), 
22, 57). Ill the United States the use of hemp- 
seed oil in the paint industiy is extending, 
and it has also l>een strongly recommended as a 
grinding oil for paint pigments (H. Friedman, 
Amer. Paint, J. 1936, January 13, 48). Its 
employment as a cosmetic oil has been sug- 
gested. 

The expressed hempseed cake may be used in 
limited amounts as a fecding-stiilT for cattle, 
although it is fiable to contain traces of a narcotic 
principle (Ticmeke, Seifens.-Ztg. 1907, 84, 

1229) ; in Prance and Relgiiira the cake is used as 
manure. 

E. L. 

HENBANE, Ifyoscyanms niger Linn. (Sola- 
nacem), is a biennial herb, a native of Europe, 
North Africa and North and West Asia, and 
cultivated in England and elsewhere. The lower 
leaves vary in length up to 25 cm. and are ovate- 
lanceolate wdiilst the upper leaves are shorter, 
sessile and ovate-oblong : their margins are 
coarsely dentate and both surfaces are covered 
with long, soft hairs. Ihe flowers, crow’ded 
together, arise in the axiles of large, hairy braiits, 
are largo, fimnel-shaped and dull yellow with 
purple veiiiings. The fruit is a capsule. The 
seeds may be separated by sieving into two 
fractions according to size ; the smaller produce 
annual plants whilst the larger give rise to 
biennials (Holmes, Pharm. J. 1921, 106, 249). 
The whole plant emits a strong, characteristic 
odour and possesses a bitter, acrid taste. The 
dried leaves and flowering tops are official in the 
British Pharrnacopaua, 1932, under the. name of 
Hyoscyamiis and are required to contain not 
less than 0 05% of the total alkaloids, calculated 
as hyoscyaminc, and to comply with certain 
pharmacognostical standards. A liquid extract 
(0 045-0 056% total alkaloids), a dry extract 
(0-27-0-33% total alkaloids) and a tincture 
(0-0045-0-0055% total alkaloids) are the official 
preparations. Henbane contains the alkaloid 
hyoscyainine, the fafw-isomer of atropine 
( tropy Itropeine ) , 

CH.,— CH— CH„ 

I I i 

NMeCH O OC CHPh CH, OH 

I I 

CH,— CH— CH, 

and smaller amounts of hyoscitie, the Z- tropy 1 
ester of Bcopine, 

CH— CH— CHj 

O NMein O OC CHPh CHjOH 

\ 1 

CH— CH— CH, 

together with volatile bases similar to those in 
belladonna leaf. The roots contain a greater 
proportion of alkaloids than the aerial parts of 
the plant. JVfethods of estimation of the alka- 
loidal content are described in the British (1932) 
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and II. R. A. (XI) Vharmacopauas, Critical re- 
views of available methods have been published 
by Caines and Evers (Pharm. J. 11)2(5, 117, 179; 
Caines, Quart. J. Pbann. 1930, 3, 344), Exler 
(Pharm. Wcekbl. 1928, 65, 1152). and Evans and 
Goodrich (J. Amor. Pharm. Assoc. 1933, 22, 824). 
Eor pharmacological methods of assay, sec 
Nolle, Arch. c.\p. Path. Pharm. 1929, 143, 184; 
Jendrassik and Will, ihid. 1930, 153, 94; 
P'crnandcz, ihul. 1928, 127, 197, 204; Pulewka, 
ibid. 1932, 167, 90; Kcd and Kluge, ibid. 1934, 
174, 493; Trabucchi, Atti. Soc. mod. chir. 
Padova. 1935, 13, 172. 

AV. H. L. 

HENDECOIC ACIDS (UNDECOIC 
ACIDS), C.jHjjaOg. 

(1) //-Unaecylic Acid, CH^ [CHgjg COOH, 
is (d)taincd bv tlic reduction ol iindccylcnic acid 
by Jiydiogcii and colloidal palladium (Leveno 
and West, J Biol. Chem. 1914, 18, 404) or with 
hydrogen iodide and rcdphospliorus (KrafTt,Ber. 
1878, 11, 2219). Also by the oxidation of 
nictbylundcc\l ketone with thromje acid (Krallt, 
ibid. 1929, 12, 1007). It may be obtained by 
heating a-ebloro- or a-broino-myristic arid to 
350' with alkali, and by ilic oxidatbm of 0:7- 
dibydroxysteurie acid with alkaline permanga- 
nate (Given and llilditcb, J.(\S. 1937, 704); 
m.p. 29-30'^'; b.p. lOr/lO mm,, 179‘'/28 mm., 
2287100 mm. 

Aimdr^ m.p. 90-97°; 2 benzi}nidazolc deriva- 
tive, m.p. 114-114*5° (Pool, Harw'ood and 
linlston, J. Amer. Cheni. Soe. 1937, 59, 178). 
And chloride, bp. 123°/11 mm. (Ford-Moore 
and Fhillijis, llee. trav. ehim. 1934, |iv], 53, 15, 
847). Evidence for enantiotropism is given by 
the transition temperature 12 5 20° observed 
by Garner and Itandall (J.C.S. 1924, 125, 887) 
and by the ddlerent heats of erystallisation of 
the tw'o loriiis, and the A" -ray examination (de 
Boer, Cbein. Zeiitr. 1927, 1, 1410). 

The zinc and matjnesiurn salts find some use 
ill cosmetics (ifnd. 1934, 11, 1215; 1930, II, 884) 
Tho triglyceride has also been prepared (Ver- 
kade, van der Ecc and INlecrburg, Hcc. trav. 
ehim. 1932, 51, 13). The ethyl ester eondciises 
with benzene in the jireserieo of aluminium 
chloride to give ethyl pheiiyiiiiidec 3 date and 
diethyl phciiyldiundeeylate (Baranger, F.P. 
670041 ; Chem. Zeiitr. 1930, 11, 307), 

(2) Methyidibutylacetic Acid, 

(CHa-CHj CH5j CH2)2C(CH3)COOH. 

Prepared b^’’ the oxidation of a-methyl-aa- 
dibutylaeetone with 00% nitric acid (Meerwein, 
Annalen, 1919,419, 148); b.p. 158-159718 mm. 
It IS also obtained with other products in the 
oxidation of isotri butylene. A white crystalline 
solid, m.p. 66-70°, soluble in alcohol and ether, 
insoluble in water. 

(3) Ethylpelargonic Acid. — Prepared from 
3-iodononane and sodiomalouic ester (Bagard, 
Bull. Soc. ehim. 1907, [iv], 1, 359) or from 
OEinanthylmaJonic ester and ethyl bromide 
(Bowden and Adkins, J. Amer. Chem. Soc. 1934, 
56 , 689); b.p. 117-11875-0 mm. 

(4) An acid, is obtained by blowing 

air through melted imraffin for some days at 
130-136° (Bergmann, Z. angew. Chem, 1918, 31, 


09); m.p. 53-7°, easily soluble in ether and 
light petroleum, but difficultly so in alcohol. 

HENDECENOIC ACID, CiiHgoOg. an 
acid obtained from alkaline extracts of petroleum 
distillates, b.p. 250-270° (Hell and Medinger, Ber. 
1874, 7, 1217 ; 1877, 10, 461). It has also been 
termed petroleumic aeid. Another hendeconoio 
acid is obtained by oxidising non-hydroxy- 
latcd drying oils (U.S.P. 2020998). After sul- 
phonation, or sulphonation of products of its 
conden.satinn with aromatic h 3 '^drocarbons, it 
may be used as a substitute for Turkey Red oil. 

HENEQUEN {v. Vol. V, 166a). 

HENNA (Al-henneh, Al-henna. or All- 
Kenna). The dried leal of a small Bhrub 
indigenous in Egypt and the Levant, also known 
as F7gyptian privet, Lawsoma alba^ L. inermis 
and certain other species of L. An aqueous in- 
fusion of the leaves has long been used in the 
East as a prophylactic against certain skin 
diseases ; the root is alleged to bo a specific 
against leprosy, tho flowers yield a perfume and 
the fruit is used as an emmenagogue. The plant 
is cultivated mainly for the leaves ; these are 
dried and powvlered for use, as the dyo henna, 
which as a stain for the hair, or for colouring 
the linger nails and sole.s of the feet, has been 
known from the earliest times. Lai and Diitt 
(.1. Indian Chem. Roe. 1933, 10, 575) describe the 
uses of the plant in India for a diversity of 
ailments. 

The colouring matter of henna has been in- 
vestigated by Lai and Diitt {l.r.), by Tomraasi 
(Gazzetta, 1920, 50, i, 203) and by Cox (Analyst, 
1938, 63, 397). The leaves contain no tannin 
or starch hut gallic acid ami tawson a, w hich has 
been show'll to be identical with 2-hydroxy- 
l:4-naphtha(pJinone, m.p. 192°; acefy? derivative, 
m.p. 128°, monoriine, m.p. 180°; 2:4-dimtr0‘ 
phenylhydrazone, m.j). 225°. Lawsonc is an 
acid dyestufT which d^^'s wool or silk a bright 
orange colour from an acid bath. Othi-r colours 
can lie obtained by use of a mordant {cf. Tom- 
nijisi, I.C.). Air-dried henna leaves rontam about 
1-1*4% of 2-hydr()xyiiaphthaquiiione which 
may be determined quantitatively by reduction 
to triliydroxynaphthalcne and titration in an 
atmosphere of carbon dioxide as described by 
Cox (l.c.). Processes have been patented for the 
extraction of lawsono from henna (B.P. 230657, 
1924). For the composition of henna hair-dyes 
and eompoiindcd hennas, sec Haih Dyes 
(Human) (this Vol., p. 170r). /See also Alkank.t 
and Aukanna. 

HE PAR SICC. Liver extract, used in the 
treatment of ansemia ; it produces a rise in tho 
red blood cell count and relieves the symptoms. 
There are more then 50 proprietary preparations. 
The active principle against pernicious ansomia, 
“ anahaemin " (Dakin and W’^cst, J. Biol. Chem. 
1936, 109, 489), appears to contain 2 substances 
(Wills et al., Lancet, 1937, 1, 311 ; Extra 
Pharmacopoeia, 1941, 666). Tho IVIinister of 
Health (Pharm. J. 1941, i, 24, 71) has decided 
that liver extracts may not be administered to 
persons suffering from pernicious anaemia other- 
wise than by injection. This decision w'as 
extended to other megalocytic anaemias in 
“ Liver Extract (Regulation of Use) Amend- 
ment Order, 1941.” 
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HEPARIN. The anticoagulant Bubstance 
prepared from liver and used in blood trans- 
fusion. A formula proposed is 

Ca2H2,0,2(0S03H)5(C0jH)2(NH CO CHg), 

Extra Pharm. 1941, 676 {v. Vol. IT, 23d, 24c). 

HEPTALDEHYDE, CH 3 [CH^VCHO, 
also known commercially as oenantholf b.p. 163- 
155°, 0-825, 1-416, is a synthetic per- 

fume with a heavy, persistent fruity effect. 
It should never be used in greater amount in the 
finished product than 01% or it will destroy 
entirely the perfume value. It gives a very 
pleasant note to most floral bouquets. 

E. J. P. 

HEPTOIC ACIDS, 

( 1 ) w-Heptoic, Acid, CEnanthylic Acid, 

CH3-[CHjVCOOH. 

formed by the oxidation of heptaldehyde 
(Organic Syntheses, 1936, 16, 39) and by the 
action of anhydrous potassium hydroxide at 220- 
230° on ?i-beptyl alcohol, the yield being nearly 
theoretical (Guerbet, Compt. rend. 1911, ISi 
1489; Bull. Soc. chim. 1908, [iv], 2 , 1G8). 
Also formed by the oxidation of castor oil and 
of oleic acid (Schorlemmer, Annalen, 1872, 161, 
279; Tripier, Bull. Soc. chim. 1894, riii], 11, 
99). 

An oily liquid, b.p. 222-224°; 118-119717 
min. Density 0-92217 (Bilterys and Gisseleire, 
(-'hern. Zentr. 1936, I, 3999). Acid cldoride^ b.p. 
74-75°/l’9 inm. (Ford-Moore and Phillip.s, llec. 
trav. chim. 1934, [ivj, 53. 15). Amide, m.p.94- 
95“ ( Asano, (^hcin. Zentr. 1 922, 1, 1 227). It may 
be identified as its phemazino salt, m.p. 9.5-96° 
(Pollard, Adclson and Bam, J. Amer. Chem. 
Soc. 1934, 66, 1759); for its 2- benzimidazole, 
m.p. 137-5-1387 see Pool, Harwood and Ralston, 
J. Amer. Chem. Soc. 1937, 69, 178. 

The acid is important in perfumery and an 
account of its jircparation from castor oil has 
lieen published, “ Das llicinusol als wiehtiges 
Rohprodukt fur die Darstelluiig synthetischer 
Kieehstoffe,” Riechstoffindustrie, 1927 ; set also 
Biv. ital. essenze profiinii, 1930, 12, 58. The 
zinc and magnesium salts have been used in 
cosmetics (E.P. 4.5471, Pat. Add.). 

(2) laoHeptoic Acid (a-methylhexoic acid), 

CH3-[CH2]3-CHMe-COOH. — Obtained by 
boiling hexyl cyanide with alcoholic potash 
(1). Hecht, Annalen, 1881, 209, 309) or by the 
reduction of fructose carboxylic acid (Kiliani, 
Ber. 1885, 18, 3071). An oily, raneid-Hmclling 
liquid, b.p. 209-67 0-9138. Completely 

miscible with alcohol, ether, chloroform and 
carbon disulphide. Slightly soluble in water. 

(3) t.JoAmylacetic Acid, 

CHMej^CHala COOH. 

Prepared by the action of sodium and wo- 
amyl iodide upon ethyl acetate (Frankland and 
I^nppa, Annalen, 1866, 138 , 338) or by the 
distillation of isoamylmalonic acid (Paul and 
Hoffmann, Ber. 1890, 23 , 1498), b.p. 216° 
(Levene and Allen, J. Biol. Chem. 1916, 27 , 442), 
0-9165 (Wallach, Annalen, 1915, 408 , 190). 


<4) Methyidiethylacetic Acid (aa-methyl- 
ethylbutyrio acid), CMeEt 2 *COOH. — Ob- 
tained by prolonged heating of methyldiethyl- 
methyl cyanide with strong hydrochloric acid 
(E. Schdanoff, ibid, 1877, 185, 120), b.p. 207- 
2O87753 mm. Nearly insoluble in water. 

(5) jS-Methylcapronlc Acid, 

CHa-[CH 2 VCHMe CH 3 COOH. 

Prepared from malonic eater and aec-amyl alcohol 
(Dewael and Weekering, Bull. Soc. chim. Belg. 
1924, 33, 495); b.p. 212-2137755 mm. This 
acid is identical with the raethylhexoic acid 
prepared by G. Ciainiciaii and P. Silber (Atti, 
R. Accad Liiicei, 1908, l^vj, 17. 1, 185; Ber. 
1908, 41, 1077 ; 1913, 46, 3080) from 1-methyl- 
hexan-3-one. 

(6) Methyliaopropylpropionic Acid (j9y- 

di methyl valeric acid), 

CH3(C3H7)CH-CH2-C00H. 

Obtained by heating sodium t'sovalerate with 
sodium ethoxido in a stream of carbon monoxide 
(Geiither. Frolich and Looss, Annalen, 1880, 202, 
321) ; b.p. 220°. 

(7) Ethylpropylacetic Acid (a-ethylvalcric 
acid), CHEtP°-COOH. — Obtained by hydro- 
lysing ethyl cthylpropylacctate with alkali 
(IT. Kihaiii, Ber. 1886. 19, 227), bp. 209-27 
The acid and its salts have been used as viil- 
canisation regulators (U.S.P. 1997700). 

(8) Ethylisopropylacetic Acid (ay-di- 
methyl valeric acid), CHEtpf-COOH.— It has 
been reported (G.P. 441272 ; Chem. Zentr. 1927, 
I, 2137) to have been obtained from methyl 
alcohol, carbon monoxide and hydrogen, by heat- 
ing under pressure and treating the resulting oil 
W'lth alkali. It may be prepared by the standard 
malonic ester synthesis (M. W. Burrows and 
W. H. Bentley, J.C.S. 1895, 67, 511); b.p. 
204-205°. 

HEPTYL ALCOHOL. This alcohol, 

its esters are sometimes used in 
perfumery, and the series of esters from the 
formate to the valerianate have been prepared 
and put on the market. Their value in synthetic 
perfumery is mostly of a “ text-book ” nature, 
and they are not of any real importance to the 
perfume industry. 

E. J. P. 

n-HEPTYLSUCCINIC ACID, 

C 7 H 16 CH(C 00 H)CH 2 C 00 H. 

Formed by the reduction of n-hexyl-itaconic, 
-eitraeonie or -mcsaconic acid with sodium 
amalgam (Fittig and Hoeffkcn, Annalen, 1899. 
304, 337) ; m.p. 90-91°. Soluble in water and 
chloroform, difficultly soluble in benzene. 

“ HERATOU^ [v, Vol. I, 75a). 

** HEROIN.” Acetoraorphine. Diacetylmor- 
phine, used as a sedative. 

HERBACETIN, HERBACITRIN (v, 
Vol. Ill, 407a). 

HERCYN ITE (v. Vol. IV, 279rf). 

HERDERITE (v. Vol. I, 685a). 

“ HERMITE FLUID,” (v. Vol. IV, 20d). 

H ERR I N€ O I L (v. Vol. V. 22Hd). 

“ HERTOLAN ” (7’. Vol. II, 264c). 
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HERZENBERGITE. Tin siilj.hidts SnS, , 
as black, flaky ortlKirhoinbif cryHtalH, closely 
rcHonibling Jranrh ttt {q.v ) and lealliU (and to 
some extent also grajilntc) in appcaranf'o. Ah a 
natural mineral it waH first recognised from the 
Maria Teresa mine, Tliian, Bolivia, by R. 
Herzenberg in 10112 anil named by him hoi- 
beckine. This name being preoccupied, it was 
later renamed herzenbergito and proved to be 
idcuiticnl with artificial SnS. The mineral has 
uIho been found in small amount in the Stiepel- 
mann mine near ArandiH in South-Wc.st Africa 
(\\ Rarndohr, Z. Krist. 1035, 92, 180; VV. Hof- 
mann, ihifi. 1035. 92, 101). (’rystals ol the same 
kind are formed during tin smelting when the 
ore contains sulphides. These were at first 
d(*Hcribed as an orf horhornbic modification of 
tin (“ jfil-tin ”), but afterwards proved to be 
SnS (L. .1. Siii'nccr, Min. Mag. 1921, 19, 113). 

L. .1. S. 

HESPERITINIC ACID (e. Vol. V, 61a). 

HESSITE or TELLURIC SILVER. 

Silver telliiridc, Ag2Te, crystallised in the cubic 
.system and isoniorphoiis with nrgenfitr {q v.). 
The silver (Ag 6.‘l-3”^,) is often partly replaced 
iHomorphously by gold, lorming a passage to 
pftzite. The colour is Icnd-grey, and the 
material somewhat sectile; sp.gr. 8-3-8 0, hard- 
ness 2^-3. 3’he best crystals, though much 
distorted, arc from Hotes in Transylvania, and 
massive material was formerly obtained in 
some quantity in the Slavodinsk mine m the 
Altai Mountains, Siberia. The mineral has also 
been found lu C^dilornia, C’olorado and Utah. 

L. J. S. 

HESSONITE V . Garnet. 

H ETEROXANTH I N E , 7 -methyl xanthine, 
2:6-(lioxy-7-methylpurine, 

NH CO C NMe. 

I II >CH 

CO-NHC ~N(' 

oeeurs together with xanthine and paraxanthine 
as a eonstitiient of normal human urine (Salo- 
mon, Her. 1885, 18, 3406; Virchow’s Areliiv. 
1891, 125, 554; Wada, Acta Schol. Med. Hniv. 
Imp. Kioto, 1930, 13, 187) ; 10,000 litres yielded 
22-2 g. of the mixed bases, of which 11-36 g. 
was hetoroxan thine (Salomon and Kriigor, Z. 
physiol. Chem. 1898, 24, 364); it occurs also 
with xanthine in the urine of the dog (Salomon, 
ibid, 1887, 11, 410). Hcterovantliinc appears to 
Ih' a product of the metabolism of theobromine 
and caffeine, for when these alkaloids are 
administered to rabbits, dogs or men, hetero- 
xanthiiio appears in (he urine (Boiulzviiski and 
Gottlieb, Ber. 1895, 28, 1113). According to 
Albancse (Gazzetta, 1895, 25, ii, 298) licter- 
oxanthino is an intermediate product in the 
degradation that caffeine undergoes in the 
organism, the methyl groups lx*ing successively 
removed until xanthine is obtained, which is then 
converted into urea and ammonia. Hetero- 
xanthine acts as a powerful diuretic on dogs 
and rabbits when injected hypodermically in 
small doses ; larger doses are toxic, an injection 
of 1 g. killed a dog weighing 8 kg. in 10 days 
(Albanese, l.c. ; cf. Kruger and Salomon, Z. 
physiol. Chem. 1895, 21, 160; Cchmiodeberg, 
Ber. 1901, 84, 2550). 


The isolation of heteroxanthine from yeast 
(1-2 g. from 40 kg. dried brewer’s yeast) has 
been described by Wiardi and Jansen (Rec. trav. 
■him. 1934, 53, 205). The yeast was extracted ' 
with w’ater containing 0-1% benzoic acid. The 
bases were adsorbed on fuller’s earth, extracted 
with barium hydroxide solution, precipitated 
with sodium silicotungstatc and then purihed 
by precipitating twice with silver nitrate in 
A^/100 HNO3. heteroxanthine was recrys- 
talliscd fiom A^/2 hydrochloric acid. 

The synthesis of heteroxanthine from theo- 
bromine (?’. Vol. II, 197r) has been effected by 
Fischer (Ber. 1897, 30. 2400). When 2:6- 
li chloro ■ 7 - me ‘Thy I pu rin e. 


N;CC1 C NMe 


\ 


—N^ 


CH 


CCIiNC 


obtained by the action of phoBjihoryl chloride on 
theobromine, is heated at 120-125° with hydro- 
chloric acid (sp. gr. 1T9), it is converted into the 
hydrochloride of hetcroxanthinc. When 2:0- 
dichlnro-7-methvlpurine is heated with allyl 
alcohol and sodium, it j'lelds 2:6-dially]oxy-7- 
mcthylpiirine, m p. 111-112°, which may bo 
reduced catalytically to hoteroxanthine (Berg- 
mann and lleimhold, J.C.S. 1935, 1365). 

Another synthesis was carried out by Sarasin 
ind Wegrnaiin (Hclv. Chim. Acta, 1924, 7, 713) ; 
the nitrate of S-chloro-l-methylglyoxaline, 
when treated with concentrated sulphuric acid, 
is converted to 5-ehlc)ro-4-nitro-l-methylgly- 
oxalinc, rn.p. 147-148°, which, on heating with 
potassium cyanide and a little iodide in alcoholic 
solution, gives 4-nitro-5-cyano-] -mcthylglyoxa- 
Imc, m.p. 141-142°. Hydrolysis of this nitrile 
gives the amide, m p. 257-258° (decomp.), and 
then reduction yields the amide of 4-araino-l- 
■nethylglyoxalinccarboxylic acid (m.p. 184-185°, 
hydrochloride, m.p. 214-215°). This amino- 
amide reacts with ethyl carbonate at 160- 
170° to give heteroxanthinc. Kruger and Salo- 
mon (Z. physiol. Chem. 1898, 26, 389) also 
obtained it by the action of nitrous acid on 
epiguanine (7-methy]guanine, 2-amirio-6-oxy-7- 
methy Ip urine). 


NH CO- C NMe. 


C(NH2):N-C- 


CH 


-N 


and as Fischer {l.c.) has synthesised epiguanine, 
this method is also synthetical. 

Heteroxanthino is a crystalline powder ; w^hen 
heated gradually it melts and decomposes at 
341-342°, w'hen heated rapidly it darkens at 
360° and melts and decomposes at 380°. It dis- 
solves in 142 parts of boiling water (Fischer, l.c.) 
or in 7,575 parts of alcohol at 17°, or in 2,250 
yiarts at the boiling-point (Bohdzynski and 
Gottlieb, Bor. 1895, 1113). Hoteroxanthine 

poHseBses both acidic and basic properties, the 
basic {kf,) and acidic {ka) dissociation constants 
being ll‘82xl0^*^* and 4-019x10”^^ respec- 
tively (Wood, J.C.S. 1906, 89, 1840). For the 
dissociation constants in water and 90% alcohol 
at 18°, see Ogston (J.C.S. 1935, 1376) ; and for 
the ultra-violet absorption spectrum, see Giil- 
land and Holiday (Nature, 1933, 182, 782) and 
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Uulland, Holiday and Macrae (J.C.S. 1934, 
lfi39). 

Heteroxanthine forms salts with acids which 
^are readily dissociated in water; the hydro- 
chloride, crystallises in tufts of transparent 
rrystalfl, and yields a micro -crystalline platini- 
chloride; the sulphate, CjH^OjN-'HjSO^, is 
decomposed by water. Heteroxantnine forms a 
characteristic sodium derivative, 

CflH.OjN^Na.SH.O. 

crystallising in plates or prisms, melting at 
about 300°, readily soluble in water, sparingly 
Ko in sodium hydroxide ; the potassium deriva- 
tive has similar properties and a higher melting- 
point (Salomon, Ber. 1885, 18 , 3406; Virchow’s 
Archiv. 1891, 125 , 564). Hoteroxanthine yields 
a crystalline precipitate with mercuric chloride, 
and forms a crystalline derivative with silver 
nitrate. It is also precipitated by copper 
acetate, pbosphotungstic acid or lead acetate in 
the presence of ammonia (Salomon, l.c.). It is 
difl’ercntiated from hypoxanthine, xanthine and 
gnariinc by the sparing solubility of its sodium 
derivative in sfKlium hydroxide ; it difters from 
para xanthine in its solubility and in not yielding 
a prcci])itate with picric acid in the presence of 
hydrochloric acid. 

When a solution of heteroxanthine containing 
clilorme-w ater and nitric acid is evaporated, the 
residue develops a red colour with ammonia, 
becoming blue on addition of sodium hydroxide. 
On oxidation with potassium permanganate in 
coiKcritratcd sulphuric acid, heteroxanthine 
yields three of its four nitrogen atoms as 
ammonia or urea, and the fourth as inethylamine 
(.lolles, Ber. 1900, 33, 2120, 2126). 

By electrolytic reduction in sulphuric acid 
solution, licteroxanthine yields 2-oxy-7-methvl- 
l :G-dihvdropurine (Tafcl and Weinschenk, ihid. 
1900. 83, 3374). 

HETEROGENEOUS REACTIONS. 

Heterogeneous reactions, by definition, take 
place at phase boundaries or involve transport 
of matter across the boundaries. The possible 
phase boundaries are : 

gas- solid; liquid -solid ; gas-hquid ; 

liquid-li(|uid ; solid-solid. 

Reactions at each of these phase boundaries will 
he briefly reviewed in turn. The phenomena 
covered by the term " heterogeneous i*eaction ” 
include many processes discussed elsewhere in 
this dictionary (r. Diffusion, Vol. Ill, 6046; 
Cry.stallisation, Vol. HI, 445d; Catalyhis 
IN Industrial Chemistry, Vol. 11, 422d; 
Hardened ok Hydrogenated Oils, this Vol., 
p. 1776; AbsokT’Tion, Vol. I, 66; and Adsorp- 
tion, Vol. I, 147d). The present article will 
therefore describe the underlying principles and 
modem examples of certain processes, but for 
reasons of space will deal primarily with reactions 
usually regarded as chemical. 

A. Reactions at the Gas-Solid 
Interface. 

(i) Systematic Classification of the 
Kinetics of Heterogeneous Reactions. — A 
reaction at an interface may be controlled by 
any one of the steps : 


(o) Transport of reactants to the interface. 

(6) Adsorption of the gases. 

(c) Reaction on the surface. 

(d) Desorption of the products. 

(c) Transport of the liberated products away 
from the surface. 


(а) and (e) are normally diffusion processes. 

(б) and (d) may be ehomic^il or physical in 
nature, while (r) is the essentially chemical 
process. In the majority of reactions at gas- 
solid interfaces (r) governs the reaction velocity. 
First, however, the less usual steps will be 
considered. 

Diffufiion as a Rate- Determining Step. — Dif- 
fusion is of primary importance in many 
reactions at liquid-solid interfaces (p. 2156). 
It may also control reaction rates at the gas- 
solid interface when the solid is present as a 
porous mass. Diffusion to and from the im- 
portant internal surfaces is then slow enough to 
govern the rate of reaction. Tliis has been 
observed during l oal or coke combustion under 
special conditions (Tii, Davis and Hottel, Ind. 
Eng. Chem. 1934, 26 , 749 ; see also p. 215a) and in 
the activated adsorption of hydrogen by chari'oal 
at high temperatures (Barri'r, Rroc. Roy. Soc. 
1935, A, 149 , 266). As a rule, however, it is a 
supernumerary phenomenon in heterogeneous 
gas reactions. 

Sorption and Desorption as Rate- Determining 
Steps . — At high temi^eraturos on certain sur- 
faces, for example, charcoal, the ortho-paia 
conversion of hydrogoii may occur by activat'd 
adsorption of hydrogen (p. 2146, d), followed by 
desorption (A. f’arkas, “ Orthohydrogen, Para- 
hydrogen and Heavy Hydrogen,” (Cambridge 
University Press, 1035, p, 89). 

o-H 2 -f 2 C (solid) ^2CH (surface) 

->-2C (solid) +P-H 2 


The overall reaction rate is controlled in this 
case by the sorption and desorption velocities. 
The same mechanism has been proposed for 
exchange reactions between hydrogen and 
deuterium. An alternative suggestion, how*- 
over, is that the ortho-para hydrogen con- 
version occurs by cx(;hange between gaseous 
molecules or molecules sorbed by Van der 
Waals forces and the chemisorbed layer ; 

Dj+H-S -^HD+D-S 


where S denotes an atom of the surface. 

Desorption of nitrogen is probably rate- 
controlling in the decomposition of NH™ by 
iron (Taylor and Jungers, J. Amer. Chem. 
Soc. 1935, 57 . 660) ; and chemisorption of 
nitrogen by iron may be the slowest process in 
the technically important synthesis of ammonia 
using iron catalysts. Hinshelwood (“ Kinetics 
of Chemical Change,” Oxford University Press, 
1940, p. 207) then gives as a general reaction 
equation : 


Rate-A'2^[B] = 




( 1 ) 


where A is the vactant undergoing slow adsorp- 
tion (Nj) with a velocity constant A is 
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removed by reaction with B (Hj), the velocity 
conHtant for this proceas being ^ 2 - ^ denotea the 
fraction of the total available surface covered by 
A. If, aa in ammonia ayntheaiSj the rate 

equation reduces to 

Kate-I,[A] (2) 

Chemical Hearfion as a Rate- Determining Step. 
— The number of adsorbed atoms or moloculea 
of reactants and resultants controls the reaction 
rate and thus quantitative aspects of adsorption 
cqiulibriiini must be reviewed. 

Table 1. — IIkimol 


Langmuir (J. Amer. Chem. Soc. 1916, 88 , 
2268) deduced a simple isotherm for an immobile 
monolayer by equating the velocities of adsorp- 
tion and desorption at equilibrium : , 

Velocity of adsorption ^k^p{\~d) (3) 

Velocity of desorption . . . (4) 

whence / 5 \ 

l + ap 

where k^, are constants, and «= p ; and where 

«2 

sctTLAii Processes. 


No 

('oiidil ioii.s. 

Hate equaliun. 

lUxaiuplcs. 

1. 

Single reactant weakly 
arlHoibecl. 

da; 

NgO on gold.^ 

HI on Pt.® 

PHj, on porcelain ® and glass 

HgSe on Se.® 

AsH^ on glass.® 

H'CObH vapour on glass, Pt, Rh, 
TiOa' 

2. 

Single reactant mod- 
erately adsorbed . 

d/ l+ap 

kp^ 

(n denotes an exponent less 
than one.) 

SbHy on Sb.»' « 

3. 

Single reactant .strongly 
adaorbed . 


H 1 on gold.^® 

NH 3 on W (at moderate or low 
temperatures).^^ 

NH 3 on Mo and Os.^® 

4. 

Single reactant w eakly 
adsorbed, resultant 
moderately adsorbed. 

(U 1 -t 6^2 

NgO on Pt (retarded by Og).^® 

5. 

Single reactant weakly 
adsorbed, resultant 
strongly adsorbetl. 

<«■ l>lh 

NH 3 on Pt wire at I,000‘o.^® 
(retarded by Hg)- 

a. 

Reactant and K'sultant 
bdtii strongly ad- 
sorbed . 

'‘•f- l-g 

dt opj-| hp^ 

Dehydrogenation of alcohol in 
presence of HgO, CH 3 -CO-CH 3 
or benzene, as increasingly 
effective jioisons.^i^ 

7. 

Single reactant weakly 
adsorbed, two resul- 
tants strongly ad- 
sorbed . 

df f^Pz-haPs 

NH« on Pt in pressure range 
0-01 mm. 

(Retardation by Ng and Hg).^® 


Tllnahclw'ood and Prichard, Proc. Hoy. Soc. 1925, A, 108, 211. 

Hinahelwood and Burk, J.C.8. 1025, 127, 2896. 

Trautz and Bhaiidarknr, Z. anorg. CUem. 1919, 106, 95. 

Hinahelwood and Toplcy, J.C.S. 1924, 126, 393. 

Bodeuatcin, Z^hyaikal. Chem. 1899. 20, 429. 

Vau’t Hoff, “ Etudea de dynamlqiie chlmlque," Amsterdam, 1884, p. 83. 

Hinahelwood and Topley, J.C.S. 1923, 123, 1014. 

Hinshelwood, op. cit. p. 191. 

Stock and Bodenateln, Ber. 1907, 40, 670; Stock, Gomolka and Heyneraann, ibid., p. 532. 

Hinahelwood and Prichard, J.C S. 1925, 127, 1552. 

Hinahelwood and Burk, J.C.S. 1025. 127, 1105. 

Burk, Proc. Nat. Acad. Sci. 1927,13, 07 ; Kunaman, J. Amer. Chem. Soc. 1928, 50, 2100 ; Arnold and Bulk, 
J. Amer. Chem, Soc. 1032, 64, 23. 

Hinshelwood and Prichard, J.C.S., 1026, 127, 327. 

Hinahelwood and Burk, J.C.S. 1925, 127, 1114; Schwab and Schmidt, Z. physikal Chem. 1929, B, 3, 337. 
IB Constable, Proc. Camb. Plill. Sd^. 1920, 28, 176, 503. 

Schwab and Schmidt, Z. phyalkal. Chem. 1020, B, 8, 337. 
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No. 

Conditions. 

Bate equation. 

I Examples. 

1 . 

Two reactants weakly 
adsorbed. 

=h{ap{i{hp^) 

Hj and on weakly active 

I Cu.^ 

' C 2 H 4 and Br 2 on glass. ^ 

2 . 

Two reactants, one 
weakly, one mod- 
era t<dy adsorbed. 

(api)( 6 p 2 ) 

(l + hp.^) 

Water gas reaction 

Hg+COj -►CO+HjO 
at l,00()°c. on Pt (retardation by 

CO,).» 

3. 

Two reactants, one 
weakly, one strongly 
adsorbed. 

V, 

Oxidation of Hg on Pt Iwlow 
TOO'^c. (retardation by Hj).^ 
Oxidation of CO on Pt below 
TOC’c. (retardation by CO). 

1 Oxidation of CO on quartz,® 
and C2H4 on active Cu be- 
tween 0 ® and 2 (y’c.* 

4. 

Two reactants, but 
only one kinetically 
active. 

= kpi or A’/ij 

according as the pressure of 

1 or 2 is much the greater. 

Reaction ol CO and Oj on Pt 
above 7(X)‘^c. Surface probably 
saturated with component in 
' excess. Reaction occurs w'hen 

the other component bombards 
! this surface.* 

5. 

Two reactants, one pro- 
l duct strongly sorbed. 

1 

~(i< 

Hap^){bpz) 

ePa 

-It 

HaPi)^ 

epa 

when 1 and 2 are ol the 
same kind. 

1 

j Decomposition of NO on Pt -Rh 
(retardation by O 2 ).’ 

! 

0 . 

Tw'o reactants, one 
st rongly sorbed, and 
the other moder- 
ately sorbed on re- , 
maining part of the | 
surface. 

(l + ^Pa) 

^k{ap{) 

(n<l) 

Oxidation of SOg to SO 3 on Pt. 
O 2 is strongly sorbed and SO 3 
i retards the reaction. “ 


reaae, J. Amcr. Cliein, Soc. 1923,46, 1190 ; GraHsl, Nuovo Cim. 1910, [vl], 11, 147. 
Stewart and Edluncl, J . Amer. Chom. Soc. 1023, 46, 1014. 

Hinshulwood and Prichard, J.C.8. 102.'>, 127, 800. 
l.angmiilr, Trans. Paraday Soc. 1922, 17, 621. 

Boaenstein and Oldnier, Z, iibyaikal. Chem. 1905, 53, 160. 

Pease, Lc. 

Bacliman and G. B. Taylor, J. Physical Chem. 1929, 33, 447. 

Bodenstuln and Fink, Z. physlkal. Chem. 1007,60, 1. 


6 denotes the fraction of the whole surface 
covered by the monolayer. This simple iso- 
therm expresses well the d~p relations of many 
sorption systems {see, however, p. 2116). The 
isotherm was deduced for a homogeneous surface 
and many of the deviations from it are due to 
the presence of capillaries and cracks in the 
surface, and to the presence of other adsorbed 
impurities. The isotherm was originally deduced 
VoL. VI.— 14 


for an immobile monolayer but equations of 
similar form are obtained for mobile monolayers 
(Volmer, Z. physikal. Chem. 1925, 116, 253) 
and the adsorption isotherm may be ac- 
curately determined using statistical mechanics 
(Fowler and Guggenheim, “ Statistical Thermo- 
dynamics, ’’ Cambridge University Press, 1939, 
pp. 426 et aeq.)m 

The Langmuir isotherm is thus a convenient 
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basis for the classification of heterogeneous 
processes. For example, a unimolecular re- 
action may occur in an adsorbed film. Then, at 
low pressures : 

da: , ^ , 

~^^^ke-kap 

(g/p 

since O-rr -^ — and for small p, ap<^\. 

\-\-ap ^ 

, , - - leap 

At intermediate pressures — — - kd - 

' d< 1 I ap 

while at high pressures 

— ki since for large p, afr^\. 


where dj, arc the fractions of the surface 
covered by each component and a and 6 are 
constants . One of these gases may bo a reactant, 
one a resultant, or both may be reactants. « 
Similar isotherms obtain when more than two 
gases are competing for the surface. Should 
the resultant cover the whole surface the reactant 
is almost completely displaced and the resultant 
then poisons or retards the reaction. If the 
subscript 2 refers to this resultant 


hp^apg or 1 and so 9^=^^ 
Thus in a unimolecular process 


da: 




kapg 

^P2 


When two gasi's exerting equilibrium pres- 
sures Pi and pj respectively are simultaneously 
adsorbt'd, the isotherms may be expressed by 


01- 

0 __ 

^ l-iapi+^Pa 


(«) 

(7) 


Many such possibibties can arise and a sys- 
tematic classification of heterogeneous reactions 
in terms of Langmuir’s isotherm has been made. 
In Tables 1 and II arc summarised diflFeront 
reaction equations, the conditions giving rise to 
them and examples of heterogeneous processes 
obeying them. Reactions of a higher or(der 
than bimolecular are rare but are amenable^ to 
the treatments of Tables 1 and II. 
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(li) The Order of Heterogeneous Re- 
actions. — The data of Tables I and II show that 
the real order of a heterogeneous reaction may 
have little or no relation to the form of the 
equation governing the kinetics. The latter are 
controlled by adsorption equilibria. The ap- 
parent order and the true order of a reaction 
are the same only when the amount of each 
reactant adsorbed is proportional to its equili- 
brium pressure. 

(iii) The Activation Energy of Hetero- 
geneous Reactions — The velocity constant k 
of a heterogeneous reaction usually obeys the 
equation 

ln^=—^+ constant (8) 


where k is the velocity constant, and Ea denotes 
the apparent energy of activation. This is 
illustrated in Fig. 1 for a typical instance. 

The adsorption equilibria, however, alter with 
temperature, and tliereforo the term Ea may 
include the heat of adsorption, A //, or a function 
of J H, for each reactant and resultant, accord- 
ing to an expression analogous to the Clapeyron 
equation.^ 

^ This expresBlon takes the form 
8lng \ Ah 

8T )p“ RTt 

where 0 denotes the fraction of the surface covered at 
constant pressure p, and AH is the heat of adsorption. 
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Simple examples have l)ecn worked out (H. S. 
Taylor, “ Treatise on Physical Chemistry,’* 
Macmillan & Co., 2nded., 1931, Vol. IE, pp. 1081 
8tq.) and the relations between the true and 
apparent activation energies Et and Ea, resjiec- 
tively, are summarised below. 

iiurface Saturated with Reactant at Both Tem- 
peratures . — The reaction is of apparent zero 
order at both temperatures ; the surface 
population of reactant molecules does not alter 
and the heat of ad8orj)tion is not involved in 
Ea- Therefore 

Et-Ea. 

E.g. decomposition of HI on Au (Table I, 
ref. 10) Ea~‘Ei=2ri,0{}0 g.-cal. per g.-niol. ; 
decomposition of NHj on W (Tabic I, rt^f. 11) 
A’o=-^'t=42,0()0 g.-cal. ])er g.-inol. 

Process UnimolecHlar anti Reactant Weakly 
Adaorhed . — The surface pojiulation decreases 
with incniasing temperature if sorption occurs 
exothermically and Ea=Ei-\-An^. Here JE/j 
denotes the heat of adsorption and following 
thermodynamic convention is to be given a 
negative sign for an exothermal sorption. If 
J/Zj is appreciable, Ea may be small. E.g. 
decomposition of H I on Pt wire (Table I, ref. 2) 
A’«=14,(X)0 g.-cal. per g.-mol. 

Process Ihumolecular, Reactant Weakly Ad- 
sorbed and Resultant Strongly Adsorbed . — In this 
case E(i= Ei-\-AIl^—A]I^ where the subscript 1 
refers to reactant and 2 to resultant. When the 
resultant is strongly adsorbed, JEZg large and 
therefore Ea may become very groat. E.g. 
decomposition of NH^ on Pt (Table I, ref. 14) 
^140,000 g.-cal. per g.-mol. The reaction is 
inhibited by hydrogen and J 11 ^ for the adsorp- 
tion of hydrogen on platinum may be as large 
as —100,000 g.-cal per g.-mol. 

Biniolecular Process with Two Reaciants 
Weakly Adsorbed . — Then Ea - Ei-\-AU^-\ d H ^ 
where the subscripts refer now to the two re- 
Cu 

actants. E.g. (Table II, 

ref. 1). The copper must be weakly active and 
the temperature above 2(X)' c. 1'hen Ea — 10,000 
g.-cal. per g.-mol. 

Bimolecular Process, One Reactant Weakly and 
one Strongly Adsorbed , — The relation now is 
Ea=Ei-^AIP~ All.^ where the subscript 2 
refers to the strongly adsorbed reactant, 

e.g. (Table II, ref. 6). The 

reaction is now confined to low temperatures on 
active copper. Since Ea, and A II 2 under 

these conditions are 10,000, —11,000 and 

— 16,000 g.-cal. per g.-mol. respectively, Et must 
be Cil5,0(K) g.-cal. per g.-mol. 

(iv) In homogeneity of surfaces. — Jnhomo- 
geneity of surfaces may show itself in several 
ways. Thus it may modify the adsorption 
isotherms until the Langmuir treatment of 
adsorption no longer applies and the heat of 
sorption varies with 6, the fraction of the surface 
covered {e.g. Barrer, Proc. Roy. Soc. 1937, A, 
161 , 476 ; Gamer and Kingman, Trans. Faraday 
Soc. 1931, 27 , 322). The true activation energy 
may also vary with Q (Barrer, Proc. Roy. Soc. 
1935, A, 14 ®, 253; J.C.S. 1936, 1256) and. 


furthermore, there may be areas of the surface 
upon which one reaction occurs ' and other areas 
where a second reaction takes place, both re- 
actions involving the same reactants (Taylor, 
Proc. Roy. Soc. 1926, A, 108 , 105 ; Hinshelwood, 
op. cit. p. 226). 

This last phenomenon may be considered 
further. Frequently the effect of a surface in 
promoting a reaction is destroyed by minute 
traces of some poison (r/. Table VIII). The 
active fraction of a surfatse may thus bo very 
small. Moreover, catalysts may be poisoned with 
respect to one reaction while remaining active in 
promoting others. Carbon disulphide in suit- 
able amount inhibits the hydrogenation of 
CgHg CO-CHa but does not prevent reduction 
of cyc/ohexcnc, pij)eronal and nitrobenzene, all 
on the surface of platinum black (V^avon and 
Husson, Compt. rend. 1922, 175 , 277). Perhaps 
these results are to ho explained in terms of 
selective sorption in wliicli the affinity for tho 
platinum increases in the order : 

CaHgCOCH 3 <CS 2 < pijXTonal, cyclohcxono or 

nitrobenzene. 

Other examples of this behaviour have Iwen 
instanced by Hinshelwood (op. cit. p. 227) and 
by Voshikawa (Bull. Inst, Phys. Cheni. Res. 
Japan, 1934, 13, 1042). 

Another view, the adlineatioii tlioory of active 
cen'vreB, is due to Schwab and Pietscli (Z. 
physikttl. Chem. 1928, B, 1, 385 ; ibid. 1929, B, 2, 
202; Z. Elektrocheni, 1929, 85, 573; Scliwal), 
“ Die Katalyse, vom Standpiinkt der ohomis- 
chen Kinetik,” J. Springer, Berlin, 1931) ; ac- 
cording to this theory the centres aro crystal 
gram boundaries. Reaction would then occur 
primarily along a network of lines intersecting 
the surface of any natural crystal and following 
the grain boundaries. 

(’onsiderable evidence has been accumulated 
by Maxted and co-workers (Maxted and Lewis, 
J.C.S. 1933, 602 ; Maxted and Stone, ibid. 1934, 
26, 672; Maxted and Moon, ibid. 1935, 393, 
1190; 1936, 636) which appears to contradict 
the concept of active centres. These data 
indicate tho catalyst surface to bo energetically 
homogeneous for certain reactions, such as the 
decomposition of HgOg by jilatinum. 

The inhomogeneity of surfacPB loads to kinetic 
consequences of interest. Some reactions have 
to be interjireted as though there were a multiple 
adsorbing surface on different zones of which 
tho reactants are independently adsorbed. Tho 
kinetics in Table HI have been analysed from 
this standpoint, although certain of the mechan- 
isms are oiien to alternative interpretations 
{e.g. No. 2, Table ITT, and No. 4, Table IT). 
On tho present view, in order to have a reaction, 
the independent adsorbing sites must be mixed 
up among one another so that the reactants aro 
in juxtaposition, or else surface diffusion must 
be possible with reaction at the boundaries of 
the two-dimensional phases. 

(v) Comparison between Homogeneous 
and Heterogeneous Reactions. — Certain re- 
actions occur by both homogeneous and hetero- 
geneous mechf^isms. Instances where the true 
energies of activation have been determined for 
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Table III.— Two Sobfaces — Bimolecular Reactions. 


No. 

CondBJon.s. 

Horptinn 

iaothenns. 

Kinetics. 

Examples. 

J. 

Reactant 1 weakly, re- 
actant 2 moderately 
adsorbed, eaeli irule- 
pendfiiitly of tin* 
other. 

on 

Hurfaec 1. 

a 

1+T,., 

on surface 2. 

k(apf){hp^) 

\ihp.^ 

Oxidation of CO on quartz. 
Oxygen is weakly ad- 
sorbed.^ 

o 

Rcfu taut 1 weakly, re- 
actant 2 strongly ad- 
sorbed, each inde- 
pendently of the 
other. 

Hiirtace 1. 

^2 1 on 

Burfaec 2. 


Oxidation of CO on porce- 
lain, Au, Ni, Cu, NiO, 
CuO.* 

3. 

Reactants 1 and 2 
strongly and inde- 
pendently adsorbed. 

on 

surface 1. 
on 

surface 2. 

-J 

=k 

Ha+CgH^^CaHg on 

Ca+CaHg.a 

4. 

Reactants 1 and 2 
moderately and in- 
dependently ad- 

sorbeti. 

Ilaj), 
on surface 1. 

on surface 2. 

~<it 

L{apf){bpf) 

(1 H7;<,)(I l-fc/;,) 

where w, m<J . 

H,+ CO., CO+H,0 \on 
W.‘ 

H, hNjO^N, 1 HjO on 
Au.*^" 

2 H 2 f 02 2 H 2 O on 

porcc lain.® 


^ lUmhoii and WilHains, J rhysical Chom 1926, 30, 1487. 

* Bone and Andrew, J’loe. Boy. Soc. 192.'i, A, 109, 450 ; ibid, 1020, A, 110, 10 ; Bone and Forshaw, Proc. 
Boy. 8oc 1027, A, 114, 100. 

* IVaae and Slcwart, .T. Aincr. (’iiein. Snc. 102.5, 47, 2703. 

* Jllrwlielwood and Prndiard, J.C.S. 1025, 127, 1540. 

^ HiualndM'ood and lliiteJiiiiHon, J (! S. 1020, 129, 1550. 

<> BodenMeiii, Z pliyaikal. Clioiii. 1800, 29, 005. 


both inccbaniHins arc given in Table 1V^ TboHC 
(lata allow that the boinogeneona proeeHs lakes 

TaHI.E IV'.™ ('OMI'AKISON OK EmCIKJIE.S OF ACTI- 
VATION Foil IIoMOGENEOrH AND H KTICRO- 
OKNEonS Reaction.s.* 


Thermal 

(lecoiii- 

positioii 

or 

AiiproxJinate activa- 
tion energy tor 
lieteroKciieous reaction 
(«.-cal /g.-mol ). 

Act ivation 
energy for 
homugimeouB 
reaction 
(g.-cal. /g.-mol.). 

HI 

2.5.000 on Au * 

14.000 on Pt ® 

44,000 

N,0 

29,000 on Au « 

32,500 oil Pt <» 

68, .500 

NHt 

42,040 on W " 

32.000 to 42,000 on Mo ’ 

47.000 on Os « 

>80,000 

CH, 

55,000 to 60,000 on Pt » 

>80,000 


^ (llasstonr, baldlcr and EyrinR, " Theory of Rate 
ProceaseB,’’ McGraw-Hill Book Co., 1941, p. 390. 

^ Hlnshelwood and Prichard, J.C.S. 1925, 127, 1552. 

* Hiiiahelwood and Burk, J.C.S. 1925, 127, 2896. 

* TTinshelwood and Prichard, Proc. Roy. Soc. 1925, 
A,J08, 211. 

^ Hlnshclwood and Prichard, J.C.S. 1925, 127, 327. 
® Barrer, Trana. Faraday Soc. 1930, 32, 490. 

KimHinan, J. Amcr. Ghem. Soc. 1928, 60, 2100. 

" Arnold and Burk, J. Amer. Chcm^oc. 1932, 64, 23. 
” Schwab and Pletsch, Z. phyalkal.Them. 1926, 121. 
189. 


])hi(*e with the larger activation energy. The 
function of the Holid liaa been to rcplaee the 
homogencouH mechaiiisni, in which activation 
energy is accumulated by a eolliaion process, by 
an alternative reaction path involving a much 
smaller activation energy. This i,s the typiml 
property of a catalyst. The relationships may be 
summarised in the potential energy diagram of 
Fig. 2. 

By using the transition -state method it is 
possible to determine thf‘ relative velocities of a 
heterogeneous reaction and the same horao- 
gciiPOUH reaction under otherwise identical con- 
ditions (Glasstone, haidler and Eyring, op. cit., 
p. 389). Then 

No. of molecules reacted heterogeneously 
No. of molecules reacted homogeneously 

JA’ 

per unit time per cm.^ ^ K) 
per unit time per e.e. 

where AE^E^om.—E\xfi. in g.-cal. per g.-mol. 
transformed. Thus for the reactions to be 
comparable in velocity it would be necessary to 

have a surface of 10^® cm.* or else ef^T would 
have to be 10^*, i.e. £honi.>A’hpt. At 5 (X)'’k. 
with a surface of 1 cm.* and a volume of 1 c.c. 
would need to be 27,000 g.-cal. per g.-mol. 
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Distance along reaction co-ordinate ► 

ViG. 2. — Diagrammatic Comtarison of Energy Relations of the same Reaction 

OCCURRING BY HOMOGENEOUS AND HETEROGENEOUS MECHANISMS. 


to obtain equality in rates. Such values of dE 
are similar to (^hom.— AVt.) in Table IV. 

(vi) The Absolute Velocity of Hetero- 
geneous Reactions. — The calculation of ab- 
solute reaction velocities is essentially similar for 
heterogeneous and homogeneous reactions. For 
a unimolecular surface reaction, one may write : 

RH~S ^ (R— S)* -> Products 

whore R denotes the reactant and S the site on 
which it is adsorbed. The star denotes that the 
reactant has received the activation energy 
needed for reaction (i.e. it is in the activated or 
transition state). The expression for the 
reaction velocity according to the calculations 
of E3n:ing (J. Chem. Physics, 1935, 3, 107), Evans 
and Polanyi (Trans. Faraday Soc. 1935, 31, 
876) and others (Glasstone, Laidler and Eyring, 
op. cit.f Chapters 1 and IV) is 

IrT f* ? 

e RT . . . (9) 

n jfgj» 

where Cy- the concentration of reactant mole- 
cules in the gas phase. 

6's— the number of sites available for ad- 
sorption per unit area, 
fc s=the Boltzmann constant, 
h = Planck’s constant. 

/"•—the partition function of the transi- 
tion state complex, excluding the 
partition function for the co- 
ordinate in which decomposition 
occurs. 


fg ~ the partition function of the adsorp- 
tion sites. 

Fj|“the partition function for unit 
volume of the gas. 

E = the energy required to produce the 
activated state. 

The partition func tions can be evaluated for 
certain simide systems, and since E, Gg and Cg 
may be measured, the reaction rates may be 
calculated. Table V compares some observed 
and calculated reaction velocities. The pro- 
cedure has equal success in calculating the 
velocity of oxidation of nitric oxide on glass, a 
bimolecular reaction. 


Table V. — Observed and Calculated 

Velocity Constants of Unimolecular 
Surface Reactions.^ 


Dcrom- 

pOBltlon 

of 

Surface. 

7’°K. 

Specific reaction rate 
(Bec.~*). 

PH, 

(ilass 

084 

Calc. 

2-2x10-* 

Obs. 

4 7x10-7 

HI® 

Pt 

836 

1-2x10^ 1 

1-0 X 10-3 

NjjO . . 

Au 

1,211 

3-4X10-* 

12-3 xlO-* 


^ From data of Glasatone, Laidler and Eyring, oji. 
ciL, Table XLI. 


(vii) Heterogeneous Reactions involving 
Isotopic Molecules. — When the heavy hydro- 
gen isotope was obtained in chemically useful 
quantities by |lrogreBBive electrolysis of acidu- 
lated water (Washburn and Urey, Proc. Nat. 
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Acad. Sci. 1032, 18, 496 ; Ix^wis and MacDonald, 
J. Chem. PhysicH, 1033, 1, 341) the attention of 
chemints was directed to reactions involving 
isotopes and isotopic molecules. It then became 
apparent that isotopes do not behave identically 
in chemical reactions (lable XII). The differ- 
ences are greater the more the mass ratio differs 
from unity, and is most marked with the isotopes 
of hj^drogen. Some approximate mass ratios 
are : 


D 

H 


2-00 ; 


1«0 

iflQ 


M25; 


’Li 


flLi 




12C 


1-08; 


14N 


1-07. 


Ah the atomic weight rises the isotoiiic mass 
ratio approaches unity. This means that the 
chemical differences between and *°*Pb, 

for instance, will be too small to be detected. 

Three factors contribute to differences in 
heterogeneous reaction velocity in isotopic 
systernH ; 

(i) DilTeremies in gas kinetic velocities, lead- 
ing to different rates of bombardment of a sur- 
face, and contributing to difiFeronces in adsorp- 
tion ecpiilibrium. 


(ii) Differences in zero-point energy. The 
lighter isotopic molecule has the higher zero- 
point energy, and is assisted in gaining the 
necessary activation energy by the amount of 
this energy. Therefore, other things being 
equal, the light isotopic molecule reacts more 
quickly than the heavy isotopic molecule {e.g. 
H 2 and Dg). 

(iii) The tunnel effect. Quantum mechanics 
predicts that an atom may under certain con- 
ditions pass over an energy barrier from an 
initial to a final chemical configuration without 
acquiring the necessary activation energy. Light 
and heavy hydrogen are the only isotojMiB of 
mass small enough for this effect to be detected, 
but the phenomenon has not yet been observed 
in any heterogeneous or homogeneous isotopic 
reactions. 

In Table VI are collected some differences in 
apparent energy of activation for heterogeneous 
reactions. The light isotopic molecule always 
reacts more rapidly, as the theory would predict. 
Moreover, the observed values of are of the 
magnitudes calculat(‘d (Eyring and Shernmn, 
J. ('hem Physics, 1933, 1, 345). On p. 219d Vre 
considered some other processes involving 
isotopes. 1 


Taiu.e VI. — Differences in Apparent Enf.U(;y of Activation for Hetbhooenbous 
Reactions ' Involvino Isotopic Molecules. 


Reaction. 

E (apparent) 
g.-cal per g -mol. 

k -- 

JA’ from 7 ^~-e ItT 

K It 

m g -cal. per g.-mol. 

Hg 1 2C8oiki ->2CH surface 

]r),7(R> 

700 2 

Djt 2CBoiia ->-2CD surface 



2NH,^N,+ 3H, 

42,400 

8(X), 790 3 

2ND,^ N,+ 3D, 


890, 900 

2PH,-!5^2P+3H, 

32,200 

510, 550 3 

2PD, yU 2 P+ 3 D 2 



12H,0+ AI,C, ->-4AI(0H),+ 3CH4 

14,200 

760 4 

12D,0+AI,C3 -+4AI(0D)3+3CD, 



h SCaoiid ->-4CH surface 

>20,700 

780 * 

CD^+SCaoiid ->-400 surface 



H2"}"CuO — >■ Cu H 2 O 


400 « 

D2~I‘ CuO — >■ CU-I-D 2 O 



Hydrogenation of styrol (Pd-BaS 04 catalyst) 


540 « 

Hj-D, (- 0 , H,0-D,0 


760 ’ 

Hj-D,+ N,0 H,0-D,0+N, 


720 ’ 



700 ’ 


' Data from Barrer, " DlfTuBlon in and through SoIMb," Cambridge University Ptcbb, 1041, p. 188. 

* Barrer, Trans. Faraday 80c., 1936, 82, 482. 

“ Barrer, ibid., p. 400. 

* Barrer, ibid., p. 486. 

Melville and Rldeal, Proc. Roy. Soc. 1036, A, 153, 89. 

* Oenier and Polanyi, Z. physikal. Chem. 1932, B, 19, 443. 

’ Melville, J.C.S. 1934, 1243. 

(viii) Activated Adsorption and Chemi- evolved. The process is an example of irrever- 
sorption as Heterogeneous Reactions. — sible chemisorption. In other cases, however, the 
When oxygen is sorbed by charcoal at moderate sorbed gas may be recovered at a higher tempera- 
temperatures, the process is chemical and the turo and under vacuum, yet the sorption occurs 
oxygon cannot bo recovered by t^vaeuation and slowly and is chemical in nature {e.g. by 
further heating, only oxides of carbon being charcoal, graphite and diamond, at high tern- 
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peraturea (Barrer, Proc. Roy. Soc. 1936, A, 149 , 
231 ; Trans. Faraday Soc. 1936, 32 , 482 ; J.C.S. 
1 936, 1 256) ) . For chemical adsorption, occurring 
reversibly and requiring an activation energy, 
the term activated adsorption has been proposed 
(Taylor, J. Amer. Chem. Soc. 1931, 53 , 678; 
Barrer, op. cit., p. 232). 

The combustion of carbon has been studied 
extensively (reviewed by Mayers, Chem. Rev. 
1934, 14 , 31 ; also Faraday Society Discussion 
on " Chemical Reactions involving Solids,” 
Pait lie, Trans. Faraday Soc. 1938, 34 , 1011); 
in furnace beds (Tu, Davis and Hottel, Ind. 
Eng. Chem. 1934, 26 , 749) ; under low pressure 
conditions with small quantities of charcoal 
(CasHcl, J. Amer. Chem. Soc. 1936, 58 , 1309), 
graphite or diamond (Barrer, J.C.S. 1936, 
1261) ; and using graphite filaments (Langmuir, 
J. Amer. Chem. Soc. 1915, 37 , 1154; Meyer, 
Z. physikal. Chem. 1932, B, 17 , 386). The 
kinetics have been observed under these various 
conditions with static and flowing gas atmo- 
spheres. Combustion may be governed at low 
temperatures by irreversible desorption rates 
of a chemically-held layer of oxygen. At 
high temperatures the rate of chemical reaction 
between oxygen and carbon can be the deciding 
factor, and at the most elevated temperatures, or 
in furnace iKjds at lower temperatures, the rate 
of inter-diffusion of gaseous reactants and result- 
ants is the slowest process. 

Activated adsorption has been studied in a 
number of instances. The chemical uptake of 
hydrogen by the various forms of carbon must be 
regarded as the first step in hydrogenation. To 
induce further reaction, however, catalysts and 
high pressures are necessary. Among the first 
activa<-ed adsorptions to be studied wore re- 
actions involving oxides (CrgOg, ZnO— CrjOg) 
(Taylor, J. Amer. Chem. Soc. 1931, 53 , 678), 
but it is not certain to what extent these are 
reversible and therefore how far they are irre- 
versible chemisorptions and how far activated 
adsorptions. To this class belong the following 
systems : 


in systematising the kinetios of gas-solid re- 
actions. There is the additiopal comphoation 
that a solvent medium is usually present, and 
that reactants and resultants compete for the 
surface with solvent molecules, and with other 
solutes. These may substantially modify the 
surface populations of the reactants. Moreover, 
diffusion in liquid media is much slower than 
in gases and therefore reaction kinetics in such 
systems are more often those of diffusion than 
in gas-solid reactions. 

(i) Diffusion as a Rate-controlling Pro- 
cess. — Down any concentration gradient the 
rate of diffusion may be defined by 



where P denotes the quantity of solute diffused 
per unit time, D is the diffusion constant, and 
Sc . 

^ is the concentration gradient. The diffusion 

constant may be related to the mobility B 
(defined as the steady velocity of the particle 
moving through the solution under unit force) 
by the relation 

RT 

( 11 ) 

The value of B for spherical particles large com- 
pared with the molecules of solvent is given by 


where r denotes the particle radius and rj the 
viscosity of the medium. The law is not neces- 
sarily valid when the dimensions of solute and 
solvent molecules are similar, although it is 
frequently applied to such solutions. If it is 
assumed that the liquid solvent behaves as 
though it wore quasi- crystalline ^ the diffusion 
constant may be evaluated by methods used for 
diffusion in solids (summarised by Barrer, op. 
cit.j Table 76) and is given by 


Hj-Dj-CrgOg 1 
Ha-ZnO-CraOg ^ 

02-CuCr204,-ZnCr204,-CoCra04,~NICr204, 
and -BeCrjOj ^ 

Ha-MoOg-SiOg ^ 

B. Reactions Invoi.vino tub Solid- 
Liquid Interface. 

The solid-liquid interface is the seat of 
numerous technical reactions. The velocity of 
these reactions may be governed by the chemical 
processes at the interface, but equally often by 
diffusion of reactants or resultants to and from 
the interface. If chemical processes are slower, 
the reaction velocity is governed by considera- 
tions of the same kind as given on pp. 208, 209, 

^ Taylor and Diamond, J. Amer. Chem. Soc. 1934, 
66, 1821 ; Kohlschiittcr, Z. physikal. Chem. 1934, 
170, 300. 

® Pace and Taylor, J. Chem. Physics, 1934, 2, 678. 

^ Frazer and Heard, .1, Physical Chem. 1038, 42, 
856. 

« Grimth and HUl, Proc. Roy. Soo., 1035, A, 148. 
105 ; Holllngs, Griffith and Bruce, i5id., p. 180. 



where v is the vibration frequency of the solute 
atom in one quasi-equilibrium position, E is the 
energy of activation needed for it to jump to 
another such position distant d from it, and / 
denotes the number of degrees of freedom among 
w'hich the activation energy may be distributed. 

Noyes and Whitney (Z. physikal. Chem. 1897, 
23, 689) first used diffusion theory to interpret 
their experimental work upon the solution rates 
of benzoic acid and lead chloride. Cylinders of 
these solids wore rotated in water and the con- 
centration of solute was determined as a function 
of time. They assumed that the water just in 
contact with the solid was saturated with solute, 
and that the concentration diminished linearly 
over a small distance 8 until it was substantially 
the concentration in the bulk of the stirred 

^ There 1 b conslderablo evidence In favour of this 
view, especially Ibr asBOciated liquids near their freezing 
points. 
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fiolution. Then the simple diffusion theory gives 
(Nerast, ibid. 1904, 47 , 62) : 

Rate of 8olution= ^ (14) 

Where A denotes the area of the solid, and C 
are the saturation concentration of solute and its 
concentration in the stirred solution, respec- 
tively, and V denotes the volume of the solution. 
Integrating 

.... ( 16 ) 


efficients are below those for chemical reactions 
which are usually not less than 2 per 10°c. 
rise at room temperature. A useful criterion of 
a reaction limited by diffusion is therefore a 
temperature coefficient not above 1-5 per lO'^o. 
rise. The same reaction may begin under certain 
conditions as one controlled by diffusion, and 
change, under other conditions, to one controlled 
by chemical reaction. Thus when certain metals 
were dissolved in HCI the temperature co- 
efficients altered with concentration in a typical 
instance as follows (Guldberg and Waage, 
Ostwald’s Klassiker, No. 104, 62) : 


where k= and t denotes the time. From the 

measured values of k and D, 8 varies in typical 
cases from 20/t to 60/x (Brunner, ibid. 1904, 47 , 
56). Evidence supporting the diffusion layer 
theory has since been obtained by various 
workers for chemical as well as physical processes 
(Van Name and Edgar, ibid. 1910, 78 , 97 ; Van 
Name and Bosworth, Amer. J. 8ci. 1911, 32, 
207; Van Name and Hill, ibid. 1913, 86, 643). 
It should be emphasised that the form of the 
relationship does not depend upon the concep- 
tion of a diffusion layer of definite thickness S. 
Equations of similar form can bo derived without 
its use. Further, the velocity of solution or 
reaction may depend upon the crystal face 
exposed and can be altered by addition of other 
solutes. The surfaces exposed soon become 
eroded and this may modify the value of A, and 
cause trends in Ic, although the factor this intro 
duced was much less than the roughness factor 
of the surface (for a discussion of the literature, 
Taylor, “ Treatise on Physical Chemistry,” 
Macmillan & Co., 1931, Vol. II. p. 1028). 

Certain characteristics of reactions controlled 
by diffusion have emerged : 

(1) The reaction rate varies with the rate of 

stirring (r) of the solvent : 

Reaction velocity 

where n < 1 . 

(2) Factors altering the viscosity n of the 

Al) 

medium alter /I, and so k= — . 

K o 

(3) Temperature strongly influences the vis- 

cosity. 

The viscosity decreases and so the diffusion 
constant increases as the temperature rises, thus 
giving a positive temperature coefficient to the 
reaction velocity. The temperature coefficient 
of diffusion is usually much smaller than the 
temperature coefficient of a chemical reaction 
and therefore the reaction rate is less sensitive 
to temperature in a diffusion- controlled process, 
In water the temperature coefficients of D for 
various simple electrolytes * at room tempera- 
tures range from 119 to 1-28 per 10” rise {e.g. 
Oholm, Z. physikal. Cbom. 1904, 50 , 309; ibid, 
1910, 70 , 378; Medd. K. Vetenskapsakad. 
Nobel-Inst. 1912, 2 , Nos. 23, 24, 26). As the 
size of the solute molecules or ions increases, 
however, so does the temperature coefficient of 
diffusion. Nevertheless, these temperature oo- 

2UV 

^ For an electrolyte 2)=^^ Rl^wliere U and V 
are the uiobllltieB of cation and anion, respectively. 


Normality of HCI 
Rate at 18”c. 

Rate at 0°c. 


J-3 20 26 4 8 

1-58 1-68 1-70 2-44 3-23 


Again, on platinum black the decomposition of 
has a temperature coefficient of 1-28 per 
10°c. rise. On colloidal platinum, by contrast, 
the temperature coefficient becomes ” chominal ” 
n magnitude (^2 per 10”c.) (cf. W. M. ]vSc. 
Lewis, “ A System of Physical ChemistiW,” 
Longmans, Green & Co., 1923, Vol. I, pp, 458 
et aeq.). This appears to be a general differei^ce 
between massive and colloidal catalysts whi^h 
has not yet been satisfactorily explained. It \s 
possible that Brownian movement removes the 
colloidal jiarticle from its atmosphere of resul- 
tants, thus continually exjiosing it to fresh 
supplies of reactants independently of diffusion. 

According to the diffusion theory, the re- 
action rate follows a pseudo first-order rate 
equation. Typical reactions of this kind, where 
equilibria are established in presence of massive 
platinum as catalyst, are : 

Co(CN);"'-hH' ^ Co(CN)«"'-fiH/ 
Ti-n-< + H+ ^ 

Cr^++H+ ^ 

HjO-l 2Co+++iOg ^ 2Co+^^^-20H'« 

Reaction proceeds to completion in other in- 
stances, such as : 

Reactions of metals (Zn, Cd, Hg, Cu, Ag) 
with 1 2 in Kl solution.^ 

Reaction of Hg with BPg.® 

Solution of MgO in benzoic, acetic and 
hydrochloric acid solutions.® 

Solution of CaCOg in hydrochloric acid.® 

Solution of benzoic acid, PbClg, CHj COjAg, 
in w^ater.® 

(ii) Chemical Reaction as a Rate-con-* 
trolling Process. — ^Most reactions in solution 
occurring at the surfaces of inorganic or organic 
colloids have the high temperature coefficients 
appropriate to chemical processes. Some sys- 
tems in which diffusion should govern the rate 
of reaction are not, in fact, so controlled. The 
solution of A I, Cd, and Sn in hydrochloric acid 
may occur at rates independent of the diffusion 

^ Manchot and Herzog, Bcr. 1900, 33, 1742. 

* Dlothelm and Foerster, Z. physikal. Chem. 1908,62, 
129 ; Denham, ibid. 1010, 72, 641. 

® JablGzynskl, ibid. 1008, 64, 748. 

® Oberer, Dlss.. Zurich, 1003. 

® Van Name and Edgar. Z. physikal. Cliom. 1010, 73, 
97. 

• Cf. T^lor, op. cit., Vol IF., p. 1032 Brunner, Z, 
phys kal. Chem. 1004, 47, 56. 
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' prooMB and with chemical temperature co- 
efficients (Centnerszwer, Z. physikal. Qiem. 1929, 
141, 297). Formic acid solutions decompose at 
the surface of rhodium with a temperature 
.coefficient of 2 (Blackadder, Z. physikal. Chem. 
1912, 81, 385) and also palladium sponge decom- 
poses aqueous NajHPC^ with the typical 
chemical temperature coefficient of 2 per 10°c. 
rise at room temperature (Sicvorts and Peters, 
Z. physikal. Chem. 1916, 91, 199). 

To interpret the kinetics one may employ the 
Langmuir isotherm as indicated on p. 208o and 
p. 208c. 

X kac 
m l+oc 

whore — denotes the amount of a solute adsorbed 


per unit mass of catalyst, k and a are constants 
and c is the bulk phase concentration of solute. 
If there is competition for the surface by two 
molecular species one may write for each (rf. 
p. 210a) 

m l-haci+bc2 

m l-faci“f6c2 

The interpretation of reaction kinetics is not as 
complete as at the gas-solid interface (Tables 1, 
II and HI), but typical kinetics are summarised 
in Table Vll. It is possible to offer alternative 
suggestions such as No. 2, Table HI, and No. 4, 
Table II, to explain why is independent of a'| 
in No. 5, Table VH. Reactions at the liquid- 


Tablb VH. — Reaction Kinetk’s at the Liquid-Solid Interface. 


No. 

Conditions. 

Rate equation. 

ExampleB. 

1. 

Single reactant weakly 

dc . 

Hydrolysis of lactcise and sii- 


adsorbed. 


crose by enzymes at small 



- It 

sugar concentrations. 1 



(a; denotes amount adsorbed. 

JIccomposition of HgOj on 



c denotes concentration of 

colloidal metals.* 



reactant in solution). 

Decomposition of HjjOg by 
hfemase.® 

2. 

Single reactant strongly 

-'''■-rx 

Hj^d roly sis of sugars by enzymes 


adsorbed. 

at high sugar concentrations.^ 



-I* 

Decomposition of by 



( s II rfaco saturated ) . 

some colloidal or finely divided 
oxides in alkaline media.* 

3. 

Single reactant mod- 

d^- w 

Decomposition of formic acid 


crately adsorbed. 

-ji 

solutions on Rh.* 



kdC 

l^-oc 




(n<l) 


4. 

Two reactants, one 

dr , 

Ti+4++ H+ ^ Ti++^ cat- 

alysed by Pt black in both 


strongly adsorbed, the 

d< 


reaction governed by 

—kc^ 

directions (Hj strongly ad- 


diffusion of the other. 

(since surface saturated with 
component 2). 

sorbed).® 

Catalytic hydrogenations of 
many compounds containing 
ethylenic double bonds (liquid 





organic molecule strongly ad- 
sorbed).® 

5. 

Two reactants, one mod- 

dc 

— k X.Xa 

NaHjPOo+HaO 


erately adsorbed, the 

dt ^ 2 

-NaHjPOa+Hj’ 


other present in groat 

I'Ofi 

(palladium black as catalyst). 


excess. 




if X 2 does not alter during 




the course of reaction, i.e. 
Cg substantially constant, 



^ Armstrong, Proc. Roy. Soc. 1004, 73, 508. 

* Bredlg and Von Demeck, Z. physikal. Chem. 1899, 31, 250 ; BretUg and Ikeda, t/fid. 1001, 37, 1. 

® Sentrr, ibid. 1W5, 61, 073. 

« Blackadder, ibid. 1912, 81, 366. 

Denham, ibid. 1910, 72, 641. . . ..aa 

® E.ff. ArmBtrong and Hlldltch, Proc. Roy. Soc. 1919, A, 06, 137 ; f020, A, 08, 27 ; 1921, A, 100, 240. 
7 SievertB and Peters, Z. physikal. Chem. 19X0, 01, 199. 
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solid interface are susieptible to poisons in the 
name way as those at the gas-solid interface. 
For instance, the catalytic hydrogenation of 
hydrocyanic acJid to njcl-hyjamincs at the surface 
of platinised platinum is almost inhibited by 
excess of cyanide ion (llarrer, Thesis, University 
of New Zealand, 1031). Again, the decom- 
position of hydrogen peroxide is strongly 
poisoncfl by minimal quantities of several re- 
agents (Table 


Table Vlll.— P oisoninq of HjOg 
l)KOOMrOSIT10N.l 


llrrioMoii oil : 

l*oiHOIl IlHOd- 

Quantity of 
poi.son to reduce 
rate to half the 
unpolHonedrate. 

Colloidal Ptsols eon- 

HCN 

CxlO-»N 

taining 10“® g.- 

ICN 

7x 10-"n 

atoms of Pt per 

>2 

7x10-®n 

litre. 

HgClg 

2rjx io~*N 

Blood catalase . 

HCN 

I X 10-®N 


>2 

2X 1()“®N 


H.^S 

1 X 10“«N 


HgClg 

5x10-’n 


1 (//. W. C. Mc(\ Lewis, “ A System of Piivslc.al 
(-licTnistrv",” Longmans, CJrccii & Uo., 1925, Vol. I, 
|). 455. 


The poisoning action is often to be explained, 
just as in gas-solid reactions, by a strong pre- 
ferential adsorption of the poison at the catalytic 
surface. That powerful adsorption of hydro- 
cyanic acid occurs on jilatinum is further 
indicated by the observation that its catalytic 
reduction to mothylamiiio is of apparent zero 
order with respect to HCN, i.e. the catalytic 
surface is maintained saturated with HCN. 

(iii) Base- Exchange Reactions. — An im- 
portant series of liquid-solid reactions involves 
base exchange. Base exchangers include S 3 ’^n- 
thetic gel zeolites, natural zeolites, clays, green- 
sand, organic substances such as humic acids, 
proteins, wood and coal products and basic and 
acidic synthetic resins. For some purposes at 
least the resins bid fair to displace the inorganic 
base exchangers, for they may be prepared in 
forms stable to acids and alkalis, resistant to 
boat, of high base exchange capacity, and 
rapid in action (R. Myers, Eastes, and 
F. Myers, Ind. Eng. Chem. 1941, 33, 697). 
Processes involving base-exchangers include 
water-softening, total demineralising of water, 
purih cation of sugar juices, and the recovery of 
small amounts of valuable solutes, from electro- 
plating wastes, of alkaloids and amino acids, 
or of cupraramonium from rayon-spinning waste 
liquors. Exchangers have also been used in 
analysis, separation of isotopes Table XIII), 
as solid buffers for pn control in the fermenta- 
tion industries, and in the preparation of 
N a N Og from Ca ( N Og)^ and sea-water. Many 
new applications will follow further technic^ 
development of the subject. (For a brief sum- | 
mary, see Walton, J. Franklin Intt. 1941, 232, i 
306.) i 


In technology the exchange process is usually ' 
carried out in flow systems. The solution con- 
taining reactants enters one end of a column of 
exchanger and flows out at the other, depleted 
of reactants. When exhausted the exchanger 
is regenerated by reversing the rdles of the 
cations involved in the first stage. It is un- 
fortunate that the kinetic studies on these 
processes are at best semi-quantitative. Re- 
action may be confined to the surface layer, or 
diffusion into the gel or crystal may cause the 
exchanging cation to displace entirely the cation 
initially in the solid. The kinetics are then 
governed by diffusion within the solid and the 
equation 

Amount of exchange =/:\/r 

would apply to a first approximation. It is 
improbable that complete base-exchange occurs 
in many systems unless a far longer period is 
allowed for equilibrium to be established than is 
economically exi^iodient. For most purpoies, 
however, reaction on exchangers of practil^al 
importance is soon negligibly slow and it is then 
observed empirically that after a sufticiem 

time / has elapsed, ( wheip 

^^2-^ RoIutioD 

k and the exponent p are constants and 
C| and fg are the concentrations of the ex- 
changing speeipR in both solid and liquid 
phases. The law of mass action would predict 
for simple equilibrium that />=]. Table IX, 
which gives values of k and p for a few typical 
systems, shows that p usually differs con- 
siderably from unity. One explanation may be 
that true equilibrium is not normally established. 

Further qualitative observations have been 
made on erystallino minerals. Those showing 

Table IX. — C/Onstants in the Equation 

2 ^ iolld vCg/BoUitlon 

The subscript 2 refers to the cation originally in 
the zeolite and 1 to the added ion. 


Ileaction system (X denotes 
the zeolite substrate). 

p- 

k. 

Concciitra- 
tion of 
added Ion. 

NH^X (fusion pro- 
duct)-!- Na"*" . 

0-67 

0-36 


NH 4 X (fusion pro- 
duct)-!- K+ 

0-72 

10 



L 1 -bentonite-!- N H^+ . 

080 

1-25 

— 

K -bentonite 4 - NH 4 + . 

-M 

0-6 

— 

NaX (gel product) 
-|-Ca‘''+ .... 

0-63 

0-67 

0-25n 

N aX (gel product) 
-l-Ba++ .... 

0-66 

1-78 

0-26n 

K-green sand-hCa"* ^ . 

0-6 

0-6 

1 OOn 

Ba-casein-f Na+ . 

0-7 

0 0045 

— 

Ca-casein-!- Ba^^^ . 

0-76 

12 

— 

B a -casein -1-Ca'*^^ . 

0-46 

0-6 

1 — 


^ Other typos of equation have also been proposed. 
See, for example, Wlegncr, J.8.O.I. 1931, 60, 65T. 
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* base-exchange can be grouped into three cate- 
gories : fibrous structures, plate-like or micaceous 
structures and three-dimensional networks. The 
more open the network the more rapid is the base 
exchange, whilet he theory of diffusion requires, 
and experiment shows, that the rate of exchange 
is usuaUy increased by increasing the state of 
subdivision of the particles (r/. Zoch, Chem. 
Erde, 1915, 1, 1-55). Two typical classifications 
of base exchange capacity, to some extent con- 
fused with base exchange velocity in certain cases 
(c/. Table IX), are given in Tables X and XI. 

Table X. — Classification of Minerals 
AS Base-Exchangers.^ 


High base- 
exchange. 


Moderate base- 
exchange. 


Low or 

negligible base- 
exchange. 


asymptotic. (For a survey of base exchange 
data, see Hoolter, “ Handbtich der Mineral- 
chemio,” Bd. ll, 1 HflOfto, 1914, p. 93; Bd. 11. 
iii, 1921, pp. 1-416.) If the solute does not 
decompose at high temperatures, the hydro- 
hermal method of digesting the zeobte at 
100-20()°c. uith the salt solution in a sealed 
system causes acceleration of the reaction. (A 
lummar^’ of Lemberg’s and Thugutt’s extensive 
researches using this method is given by 
Schneiderhohn, Jahrb. Min. Beil.-Bd. 1914, 
40, 163. Base-exchange in ultramarines is dis- 
■ussed by Jaeger, Trans. Faraday Soo. 1929, 26 , 
320.) At still liigher temperatures the zeolite 
may be heated with a fusible or volatile salt 
[e.g. NH4CI) with further acceleration of 
reaction in some instances. (Method largely 
.levelo]jcd by Clarke and Steiger, in a series of 
papers from 1899-1905, e.g. Clarke, Z. anorg. 
Chem. 1905, 46 , 197.) 


Moiitmorll- Several zeo- Pyroijhyllite (ft). 

Ionite (ft). lltcH (a, ft, c). Kaolinite (ft). 

Beklellite (ft). Micas (ft). Non-aluinlnuus 

Halloj^site (ft). Chlorites (6). aiiiphihnles (a) 

Several zeo- Aluminous Non-ulutninous 

lltes (fl, ft, r). amphiboles (a) pvroxeiicB (a). 

Aluminous Apophyllite (ft). 

pyroxenes («)• 

Leueite (c). 


^ Brammall and Leech, S(i .T Jloy. Coll. Sci. 1038, 
B, 43 ; Edelinann, Trans. Third Jiiternat. Cong Soil 
Sci. 1996, 3, V7. 

(a) Fibrous stnicturcs 
(ft) Laminar structures. 

(c) Three-dimensional network‘d. 


Table XL — Classification of Mineral 
Exchangers. 1 


Mineral. 

Volume 
per 0 
atom. 

Cation 

exchange. 

Garnet (c) .... 

15'4cu. a. 

None 

Muscovite (b) (a mica) . 
Orthoclase (r) (a fel- 

19-2 

Slight 

spar) 

23 

Sbght 

Nosean (c) .... 

23- 1 

Fair 

Ultramarine (c) . 

231 

Very good 

Apophyllite (b) . . . 

26-8 

Fair 

Natrolite (a) . 

280 

Very good 

Glauconite .... 

28 

Excellent 


' Walton, J. Franklin Inst. 1941, 232, 

(a) Fibrous structures. 

(ft) Laminar structures. 

(c) Three-dimensional networks. 

Table X shows that the kind of crystal structure 
does not govern the velocity and extent of base 
exchange, save indirectly by conditioning the 
openness of the lattice. The latter is the vital 
factor and Table XI attempts to indicate a 
measure of the openness by giving the atomic 
volume available per oxygon atom in the lattices 
of some base-exchanging minerals. The method 
gives correctly the qualitative order of ease of 
base-exchange. Base-exchange experiments with 
crystalline minerals such as zeolites must be 
continued for periods of days or months to reach 
completion, and approach to this state 


C. Reactions Involving the Ga.s-Liqitii) 
Interface. 

Processes involving the gas-liquid or vapour- 
liquid interface may be either physical or 
chemical. ]*hy8ioal reactions of Holiitioii and 
evolution of vapours from liquids are funda- 
mentally important in industry, for they control 
rates of approach to the steady state in distil- 
lation, or solvent extraction processes. The 
industrial still may be idealiscMl us a eoluinri 
containing a niiin her of perforated plates. These 
hold up a small amount of liquid continnally 
washed by ascending vapours. The latter in 
their turn partly condense and run back from 
plate to jilate. Eventually by this process of 
waslimg and condensation *a steady state is 
reached with volatile components predominating 
at the top of the still and the less volatile com- 
ponents at the bottom. This steady state is 
established quite slowly, and the more slowly the 
larger the total hold-up of vapour and liquid 
along the height of the column, so that a good 
still is designed to minimise this hold-up. For 
practical purposes the still with total reflux is 
converted into one with a definite forward flow, 
by withdrawing liquid or vapour slowly from 
the top of the still. The separation obtained 
depenils upon the number of “ theoretical 
plates ” {fiee above) which the still may be said 
to contain. In theory the separation may be 
made as complete as desired by increasing the 
number of plates, but in practice this will 
reduce the rate of establishing the steady-state 
separation of components in the top and bottom 
of the column, 

Chemical reactions at the gas-liquid interface 
may bo exchange processes in counter-current 
systems basically not unlike the still described 
above, or they may be changes confined 
primarily to the gas-liquid phase boundary. 
These types of chemical change will now be 
discussed. 

(i) Exchange Reactions. — Such reactions 
have become important recently in separating 
isotopic mixtures, largely in the hands of Urey 
and his co-workers (summarised by Urey, Rep. 
on Prog. Pkys. 1939, 0, 48). Isotopes have 
slightly different chemical reactivities, os noted 
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on p. 213(2. Equilibria in which gas and liquid lively by use of two-phase counter-ourrent 
isotopic mixtures participate give (Table XII) methods, either non-regeneratlve or regenerative 
equilibrium constants which differ slightly from in type. The method, with modifications, has 
unity. The separation factors have proved succeeded, or partially succeeded, in the in- 
sufficieni however, to separate isotopes effec- stances given in Table XIII. 

Tahle XTI. — Imotopic Eq^iliiiria.’ 



Equilibrium constants : 

R(*action . 





273 rK. 

298 1“K. 

000“K. 



1 034 

1028 

1-003 



1 064 

1054 

1-014 



1024 

1020 

1 003 

i»CO+i“CO,^>*CO+i»CO, 

1008 

J086 

1029 

J“5clj+H»’Cl^i”Cl2+H”CI 

1 004 

1003 

1 0001 5 

f H«iBr ^ t H’»Br 

] OfKir) 

1-0004 

0-99997 

i“N,+ '‘NO^ii'Nj+^NO 

1016 

1 - 01 .') 

1-0077 

•LiH4’U ^’LiH+»U 

1-028 

1-026 

1 008 ; 

L 


^ Urey aiul (ireiff, J. Amor. (’horn. Sor 10.15, 67, Slil. 


TADf.E XIll. 


Phases 

Method. 

Isotopes partially separated. 

IJquid-Solid. 

Saline solutions were percolated 
through coin inns of Na z(*olitc. 
The jiroeedure w'as that of ehro- 
iniitograidiie analysis. Total re- 
flux was not obtained. 1 

’Li concentrated in leading sample 
of LiCI solution, ®Li concen- 
trated in zeolite. ^^N concen- 
trated 111 leading sample of 
NH 4 CI solution. eone(‘ii- 

trated m leading sample of KCI 
solution. 

Ij(jui(l-Li(iui(l 

ICxdiange reaction proceeded be- 
tween Li amalgam and Li Cl in 
anhydrous CH^-OH. Amalgam 
dropjied through column of al- 
coholic LiCI 1 8 metres long. At 
the bottom the Li in the Li 
amalgam was converted to LiCI 
in alcohol and fed into base of 
column. System arranged to 
give total rellux.* 

’Li eoneentrated in the amalgam, 
«Li in LiCI. 

Gas-Liquid . 

Ammonium salt solution m water 
flowed dowui through a frac- 
tionating column. NHg gas was 
liberated at the bottom by 
boiling with NaOH, and the 
NHg passed upward through 
column. System arranged to 
give total reHux.® 

15N 

Y^ = 2-5% instead of 0-38%, 

using (N H 4 )gS 04 as ammonium 
salt. 

^®N concentrated in bottom of 
column. 

Gas-Liquid . 

H C N gas W'as fed into the bottom 
of the column. At the top it was 
absorbed in NaOH and the 
NaCN passed down the column. 
Total reflux obtained.* 

Conrentratioii of in gas phase 

at top of column. Concentration 
of ^*C in liquid phase at bottom 
of column. 


^ T. Taylor and Urey, J Chein. Physics, 1938, 6, 429. 

" Lewis and MacDonald, J. Aincr. Cliom. Soc. 1930,58, 2510. 

* Urey, Huffmann, Thodc and Fox, J. Them. Physics, 1937, 5, 850. 

* l^berts, Thode and Urey, J. Clieih. Physics, 1939, 7, 187 ; Urey, Mills, Roberts, Thode and Huffmann, 
ibid., p. 138. 
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In the systems of Table XIII used for partial 
separation of nitrogen isotopes, carbon isotopes 
and lithium isotopes by total reflux, a very long 
time would be needed for the steady-state 
separations to be established. This militates 
against large separations in reasonable times. 
However, tho cascade system of Fig. 3 will 
produce a high concentration of in a rela- 
tively short interval. In tho original system 
three separation units were employed. At F, 
ammonium nitrate entered unit 1, which was 
analogous in principle to the column described 
in Table XlII for the separation of and 
ill this unit the isotopic abundance ratio was 



Fia. 3. — Tjirke-Unit Cascade System 
• FOR Separation of Nitrogen Isotopes. ^ 

altered seven-fold. Six -sevenths of the flow 
was diverted from E to S, where boiling with 
NaOH served to liberate ammonia which in 
turn passed upwards through E and out at V. 
It was then converted to N H^NOg and returned 
to E at F. Tho remaining sixth entered the 
second unit at F' where the isotopic ratio was 
altered nine-fold. About eight-ninths of the 
total solution was passed to S' where boiling 
NaOH solution liberated ammonia which was 
rctunied through E' and E. The remaining 
one-ninth was passed into the third unit F/' 
where the abundance ratio was altered a further 

^ After Urey, Rep. on Prog. Phys. 1939, 0, 01. 


eleven-fold. All this fraction was fed into S^' 
where boiling NaOH solution again liberated 
ammonia wldch w^as fed back into unit 3 and 
passed up through the whole system. Each 
unit consisted of glass columns of suitable 
heights varying from 24 m. (1st unit) to 7 ‘5 m. 
(3rd unit) and packed with Berl saddles or 
Fenske helices, all of glass. A maximum con- 
centration of 72-8% ^®N was obtained and the 
net transport of ^^N from ordinary nitrogen to 
samples ranging from 0-57 to 70-0% ^*N was 
0-76 g. per day. (Thode, Gorham and Urey, 
J. Chem. Physics, 1938, 6, 290 ; Thode and Urey, 
ibid. 1939, 7. 34.) 

The cascade method has also succeeded in 
producing concentrations as high as 22% of 
at the rate of 01 g. per day. (Urey, Kep. on 
Prog. Phys. 1939, 6, 62). The exchange reaction 
used was (cf. Table Xlll) : 

Hi2CN(gas) 1- i3CN'(iiq.) 

Hi8CN(gas)i i2CN'(aq.) 

Finally, the reaction 

»«S 02 (gas)+H“ 2 S 03 '(aq.)^ 

^^SOgjgas) f H**S 03 '(aq.) 

has served partly to resolve sulphur isotopes 
(Thode, Gorham and Frey, .1. Chem. Physics, 
1938, 6, 290; Stewart and Fohcii, ibid. 1940, 
8, 904). 

(ii) Reactions confined to the Interface. 
— Some reactions occur only or jirimarily at a 
liquid-vapour interface. The reaction between 
hydrogen and sulphur is believed to proceed in 
part in this way (Norrish and liideal, J.t^.S. 
1922, 123 , 696; ibid. 1923, 123 , 1689). I'he 
dceompositioii of methanol occurred as readily 
on liquid zinc as on zinc just below the melting- 
point (ISteacic and Elkin, Proc. Roy. Soc. 1933, 
A, 142 , 457 ; Caiiad. J. Res. 1934, 11 , 47). The 
chief interest, however, centres upon reactions 
of a solute with insoluble monolayer films 
situated at the interface. 

Oleic and cis-]X‘troselic acids form insoluble 
monolayer films w hich are attacked at the double 
bond by dilute acid jicrmanganate (Hughes and 
Rideal, Proc. Roy. Soc. 1933, A, 140 , 253). The 
reaction occurs more easily when the films are 
dilute, since then the molecule lies flat on tho 
surface and the double bond is accessible to 
chemical attack. When the molecule is oriented 
vertically by compression of the monolayer, the 
double bond is not readily accessible and reaction 
is slow. Reactions of hydrolysis have also been 
observed, both of simple esters and of y-hydroxy- 
stearo-lactono, on alkaline substrates (e.g. 
Alexander and Scbulman, ibid. 1937, A, 161 , 
115). At constant surface pressure and alkali 
concentrations the latter reaction was of the 
first order with respect to the lactone and had a 
similar energy of activation (12,500 g.-cal. per 
g.-mol.) to the bulk phase reaction. 

Auto-oxidation of /9-ela30Btearin and its maleic 
anhydride addition compound has been studied 
(Geo and Rideal, ibid. 1935, A, 153 , 116 ; Gee, 
p. 129) and it was found that the oxidation 
velocity decreased at higher film compression, 
just as with o^ic acid. Some film reactions are 
of obvious biological importance. Thus tannins 
combine with a protein monolayer (cf. Adam, 
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“ Physics and Chemistry of Surfaces,” Oxford 
University Press, 1938, p. 97), and snake vonums 
attack lecithin hy removing a long chain fatty 
acid group (Hughes, lliochcm. J. 1935, 29 , 437). 
A very striking phenomenon is the influonco of 
the most minute traces of metallic cations upon 
the nature of surface, films and upfjii reactions 
involving the films (Harkins and Myers, Nature, 

1937, 139 , 3fi7). The results available are frag- 
mentary, but it ap]»earH tliat certain (nations may 
influence tlui photolysis of stearic amlide films 
(R ideal and Mitcheli, Proc. Roy. »Soc. 1937, A, 
159 , 20fi) and reactions of a a-hydroxystearic 
acid, stearic anilide and proteins (Harkins and 
Myers, Nature, 1937, 139 , 307 ; Rideal, Mitchell 
and 8eliuliiian, thid. 1937, 139 , ()25). It may be 
presumed that the lations arc adsorbed under 
the monolayer, altering its physical state or 
chemical reactivity in ways not yet understood. 

Films exposed to the action of solutes may be 
collected and subjected to qualitative chemical 
examination. NitroceUulose films exposed to 
sodium hydroxide solution and scraped off the 
surface by a glass rod were thus proved to have 
been denitrated (Adam, Trans, Faraday »Soc. 
1933, 29 , 9(i). Langmuir and 8chaefcr (J. Amer. 
(Jhem. Soc. 193fi, 68, 284) found that dilute 
Ca(OH)j 2 and Ba(OH )2 reacted with mono- 
layers of fatty acid to give calcium and barium 
soaps if tlic was sufficiently high. Other 
reactions at the gas -liquid ini erf ace are 
adequately reviewed by Adam (“ Physics and 
Chemistry of Surfaces,” Oxford CniverHitv Press, 

1938, pp. 95 cUe^.). 


formly and at equilibrium between the first layer 
and a second quiescent liquid layer. 

(ii) Reaction Occurring In One Liquid 
Phase Only. — The simplest of liquid-liquid 
reactions are those confined either to the inter- 
face, or to one or other of the media. Lowenhorz 
ibid. 1894, 15, 389) interpreted the hydrolysis 
of an ester partly miscible in water and present 
in excess as saponification occurring in the 
aqueous phase only. The rate of hydrolysis is 
Increased by adding acid catalysts. The re- 
action rate is then 

r 

df- — ^ '-■'••"t.er '-'ncid 

By stirring, the equilibrium solubility of ester 
in water is maintained and so C'eBter and 
„i both remain constant. Thus the rate of 
hydrolysis is constant. Using alkali as catalyst 
tlie reaction equation is approximately, under 
otherwise identical conditions, , 

Z- P 

~dir f alkali 

TJie velocity equations of soap and fatly at^id 
manufacture are subject of these equations. \ 
The studies have been extended to tfie 
hydrolysis of an ester distributed between two 
liquid phases, aqueous acid solution (where 
reaction occurred) and benzene (Goldschmidt 
and Messers chmitt, ibid. 1899, 31, 235). If it 
is assumed that the distribution equilibrium is 
maintained during the reaction, the reaction 
ecpiation is ; 


D. Reactions Involving the Liquid- 
Liquid Interface. 

Few quantitative studies have been made 
of reaction rates in liquid two-phase media, 
although such systems are of the greatest im 
portance in applied chemistry. The two liquids 
may be intcTdispersed as droplets, yielding 
emulsions, or they may be in the form of 
quiescent layers. Solvent extraction, soap- 
making, nitration and sulphoiiation are examples 
of large-scale processes where the velocity is of 
paramount importance. In these systems, the 
reaction zone often extends beyond the interface 
because the two liquids may be mutually soluble 
or the reactants may be distributed between 
them. The reactants may interact appreciably 
in one medium only, or both media may 
active. 

(i) The Velocity of Establishing Dis- 
tribution Equilibria. — Studies on the rate of 
establishment of distribution equilibrium have 
led to seemingly contradictory conclusions. On 
the one hand, Rerthclot and Jungfleisch (Ann. 
Chim. Phys. 1872, [iv], 26 , 396, 408) found that 
the distribution equilibrium of iodine and 
bromine between water and carbon disulphide 
required several hours to be established ; while 
on the other hand Nemst (Z. physikal. Chem. 
1891, 8, 119) remarked upon Hie rapidity and 
certainty with which equilibrium was reached. 
Big differences may be due, however, to the 
extent of mixing and mechanical agitation. A 
solute introduced into one quiescent hquid layer 
requires many days to distribute itself unis 


(L- F|a 

where denotes the volume of the aqueous 
layer and Fg that of the benzene layer ; a is 
the absolute amount of ester and x is the amount 
hydrolysed at time I ; 4' is the velocity constant 

and a is the distribution eonHtant= 7 ^ 7 ^f^^^— ■ 

C (in benzene) 

Integration gives 

t F^a a—x 

an equation admirably obeyed when ethyl 
acetate, distributed between water and benzene, 
was hydrolysed by water 1-0305N with respect 
to HCI, and wffien allowance was made for the 
fact that an esterifi cation-hydrolysis equilibrium' 
is set up. The analogous reaction using aqueous 
alkali and benzene obeys the law 


4:- 


1 o .-\- 1 X 
t a a{a—:i) 


when Fg and F, are made equal, and the con- 
centration of alkali and ester are equal ; but 
the reaction follows the equation 

I g-H 1 . b(a-x) 

~t a (a—b) a(b-x) 

when the initial concentrations 7 and b are 
different. 

Hydrolysis of a fat by a Twritchell reagent may 
occur at the interface itself. The hydrophilic 
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Hulphonic acid group dissolves in water; the 
hydrophobic hydrocarbon groups dissolve in 
the oil. The reagent therefore is adsorbed at the 
interface, lowering the surface tension and 
assisting emulsification as well as bringing oil 
and water into more intimate contac't through 
the adsorption layer. In Table XIV are given 
the hydrolytic cleavage efficiencies of 1% suJ- 
phonic acid solutions on neutral cotton seed oil 
heated in a current of steam. 

Table XIV. — Reaction Rates with 
Diffekent Twitchelj. Reacents.^ 


Sulpliouic-stearo 

Relative amounts of hydrolysis after 

aromatic com- 







pound of 

6* 

13 

194 

26 

324 

30 


hrs. 

hrs. 

hrs. 

hrs. 

lira. 

hrs. 

aphtlialcuc 

146*7 

190 7 

201*4 

211 4 

— 



Anthracene 

2*5 

21-8 

76 3 

170*7 

186*5 

100 7 

Pheuanthrene 

45*7 

125 7 

177 7 

183-6 

1941 

201*2 


^ After Lowkowitsch, “ Chemical Technology of Oils, 
ITats and Waxes,” 6th ed., Vol. I, p. 90. 


p]. Reactions at the Solid-Solid 
Interface. 

Adequate discussion of reactions involving 
the solid-solid interface is impossible in this 
article. The processes of prccipitation-harden 
ing, photography, diffusion in solid media and 
across phase-boundaries, reactions in certain 
explosivc^s, and of taniisUing and oxidation of 
metallic surfaces, and the dissociation of 
hydrates may be taken as typical of the chemistry 
of solid two-phase systems (surveyed in Dis- 
cussion on “ Chemical Reactions involving 
Solids,” Trans. Faraday Soc. 1938, 34, pp. 821- 
984). 

(i) Reactions of a Gas at the Solid- 
Solid Interface. — A common reaction of this 
type is found in hydrate and ammoniate for- 
mation, and in dissociation of carbonates ; 

NajjCOjJOHaO -> NaaCOa+lOH^O 
NajSO^.lOHaO Na2S04+ lOHjO 
CaCOy — > Cau~i~C02 

Such reactions do not occur save at the inter- 
face between the two solid phases, and it is 
frequently necessary to scratch or break the 
crystal before the reaction becomes appreciable. 
The reaction rate is then aiitocatalytic, being 
divided into a slow initiation of reactive centres 
(the induction period), a spreading of reaction at 
rapidly growing interfaces, and finally, an ex- 
haustion of the supply of material. Fig. 4 
shoas a typical curve for the decomposition of 
azides (Garner, Trans. Faraday Soc. 1938, 34, 
986 ; Gamer and Maggs, Proc. Roy. Soc. 1939, 
A, 172, 299 ; Wischin, ibid., p. 314) : 

2KN3->2K+3N2 

2NaN3-»^2Na+3N2 

PbN3-^Pb+3N2 

Quantitative studies of azide decomposition 
have shown that metallic nuclei form on the 
surface and interior of the crystal, and gradually 
increase in number. The dimensions of each 
reaction -nucleus also increase steadily ; 


barium azide the radius r increased at n constant 
rate for any given nucleus ; i 



The constant A was an exponential function of 

J3,cwo 

temperature: *4— ilye . The number n 

of nuclei increased according to the expression 
n—Bl^. To interpret the azide reactions, Mott 
ibid. 1939, A, 172, 326) assumed that nitrogen 
driven off from the surface releases interstitial 
atoms of alkali wlueh diffuse into the crystal. 
These, when their concentration is liigh 
enough, aggregate into inetallio nuclei. The 
nuclei then act independently as reaction centres. 
Aggregation of a similar kind may occur in 
silver halide crystjils during the photographic 
process. The light liberates numbers of silver 
atoms (and equivalent chlorine atoms) in pro- 
portion to its intensity. Some of the chlorine 
atoms diffuse away and react with gelatin. The 
interstitial silver rcmain.s, in a pattern of density 
reproducing the original image, as atomic 



Time. 

Fig. 4. — Increase of Nitrogen Pressure as 
A Function of Time in the Decomposi- 
tion OF Azides.* 

centres from wliich reduction .spreads during the 
developing of the visible picture from the latent 
image. This reaction is, however, complicated 
by other factors which are not considen'd here. 
{Bee DiscTission on ” Chemical Reactions in- 
volving iSolids,” Pt. 11a, Trans. Faraday Soc. 
1938, 34, 883). 

Typical aiitocatalytic reactions in which the 
reaction curve resembles that of Fig. 4, although, 
of course, the atomic and molecular mechanisms 
may differ inter se, are given below : 

Cu04 Ha->Cu f HgO ^ 
Cu0+C0->C02+Cu 2 
2NaHC03-^ Na2C034 HyO+COa® 
Aga6-^2Ag4i6 « 

2 AgMn 64 ^ Ag20+2Mn024H02 ® 

* After Mott, Eep. on Prog. Phya. 1939, 0, 201. 

' Pease and Taylor, J. Anier. Chem. Soc. 1921, 43, 
2170. 

2 Jones and Taylor, J. Physical Chein. 1023, 27, 023. 

* Lescoeur, Ann. Chlui. Phya. 1802, [vij, 25, 430. 

* Kendall and Puchs, J. Amer. Chcin. Soc. 1921, 43, 

2017. ^ 

‘ Sioverts and^eberath, Z. physikal. Gheni. 1022, 
100, 463. 
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In Home caHea the deliberate ereation of interfaces 
cauaea an acceleration in the reaction (Hulett 
and G. Taylor, J. Physical (’hem. 1913, 17, 567). 
Thus, at r) 0 (J°c. mercuric oxide gives oxygen 
and mercury. Because the mercury is a vapour 
at this temperature, the now interface is not 
developed and tlie equilibrium 

Hg| HgO 

is only very slowly established. But if iron 
oxide, nisutgiinesc dioxide or platinum is added, 
e(tuiiibriiim is at once set up. Similar obser- 
vjitiofiH were made when silver oxide, mercuric 
oxide and barium ]>eroxidc were decomposed 
in the presence of other oxides. 

(li) Tarnishine: Reactions. — The oxidation 
of metals eaiises the formation of a skin of oxide 
which sometimes remains compart and coherent. 
A now phase is thus created and reaction can 
continue either at the gas-solid interface by 
transport of metal atoms or ions through oxide 
or at the solid-aolid interface by a similar trans- 
port of oxygen atoms or ions. (For a survey, .see 
Wagner, Trans. Faraday Soc. 1938, 34, 851 ; 
Mott, Rep. on Prog. Phys. 1939, 6 , 186.) There 
thus occur simultaneous diffusion and reaction, 
either of which may limit the rate of grow th of 
the oxide film. Sometimes the film continues 
to grow^ steadily (ZnO on Zn) and sometimes 
oxidation virtually ceases when the film is not 
a great many atomic layers in thickness (AI 2 O 3 
on Al). (r. V'ol. Ill, 368/^). 

Zinc oxide can take up a stoicheioinetric 
excess of zinc. Oxidation of this metal therefore 
occurs by diffusion of excess zinc from the metal 
through the zinc oxide ic» the external surface, 
wliere it reacts with oxygen and forms more 
oxide. Zinc diffuses slowly, as ions, and 
electrical neutrality is maintained by an equi- 
valent flow of electrons : 


oxide interface is thus richer in cupric oxide 
than parts of the film adjacent to the metal. 

Sometimes coherent films may be formed 
which do not grow in thickness beyond a certain 
value. Thus in the system AI/AlgOg/Og the 
thickness of the AljOg, if it remains coherent, 
docs not exceed about cm. An explanation 
has been given (Mott, ibid. 1939, 86 , 1175) in 
terms of the quantum -mechanical effect known 
as tunnelling (p. 214c). The tunnelling particle 
is here the electron, and it has been shown that 
though the electron might penetrate an oxide 
layer 5x 10 “* cm. thick (producing on the 
external surface of the oxide oxygen ions 
equivalent to the ions which diffuse 

through the oxide from the metal), those elec- 
trons cannot be transmitted through appreciably 
thicker layers. Layer growth therefore quickly 

F. References to Tyres of Heteroge^jeous 
Reactions not Described AboviE. 

I. Precipitation-hardening in metalK : "^aylor 
and Mott (Rep on Prog. Phys. 1939, 0,1205); 
R. Becker (Ann. Physik. 1938, [v], 32, \l28). 
II. Development of the photographic inlage : 
R. Gurney and N. Mott (Proc. Roy. Soc. iij)38, 
A, 169, 151 ; various papers in the Faraday 
Society Discussion on “ Chemical Reactions 
involving Solids ” (Trans. Faraday Soe. 1938, 
34, pp. 821-984). 111. Quantitative aspects 
of crystallisation, of melts, and from aqueous 
solutions: Taylor’s “Treatise on Physical 
Chemistry,” 2nd ed., Vol. II, pp. 1033 et seg. 
(Macmillan & Co.). IV. Quantitative aspects of 
diffusion in solids : Barrer, “ Diffusion in and 
through Solids “ (Cambridge Uiiiv. Press, 1941). 

R. M. B. 

“ HETOCRESOL” The cinnamoyl ester of 
ni-crcsol used as a non-irritant dusting powder 
in the treatment of tuberculosis. 


Zn 

metal 


Flow of elections 
Zinc oxide 
Flow of Zn ions 


Oxygon 

gas 


Oxidation of this kind obe 3 \s approximately the 
Ho-callcd parabolic diffusion law, x'^—kt as 
required by the laws of dilfusion (Wagner and 
Grime wald, Z. physiknl. Chem. 1938, B, 40, 
455. Vernon, Akeroyd and Stroud, J. Inst. 
Metals, 1939, 66 , 301, noted departures from the 
parabolic diffusion law). 

Cuprous oxide is formed on metallic copper 
by another variation of the diffusion process 
(r/. Wilkins and Rideal, Proc. Roy. Soc. 1930, 
A, 128, 394). Cuprous oxide is capable of 
taking up a stoicheiometnc excess of oxygen 
(c/. Wagner, Trans. Faraday Soc. 1938, 84, 854). 


HEWETTITE. A hydrated vanadate of 
calcium, Ca 0 - 3 V 20 g, 9 H 20 , crystallised in the 
orthorhombic system. It forms mahogany-red, 
earthy masses, composed of minute silky needles, 
and occurs somewhat abundantly as an oxida- 
tion product of patronite at Minasragra, near 
Cerro de Pasco in Peru. The mineral fuses 
readily to a dark-red liquid, and is slightly 
soluble in water. Sp.gr. 2-55. 

MetaheufeUiie is identical with hewettite in 
composition and in crystallising in the ortho- 
rhombic system, but it differs somewhat in its 
optical characters and behaviour during dehy- 
dration. It is found as a dark-red, powdery 
impregnation in sandstone at Paradox Valley 
in Colorado, and over a wdde area in eastern 
Utah. 

L. J. S. 


The process involves formation of equal numbers h EX AC Y A N OG E N, 

of holes at certain Cu+ ion lattice sites and Cu++ NC fCNl 

ions at others. The lattice is not otherwise dis- P^ ^ vM 

turbed and the crystal may then be regarded as 

a solid solution of cupric oxide in cuprous oxide. ’ ^ ' 

The holes diffuse from the oxide-oxygen inter- is produced by dehydrating the triamide of 
face to the metal-oxide interface, and are there cyanuric acid at 210-260° with phosphorus 
filled by Cu"*" ions from the metal, the electron pontoxide (Ott, Ber. 1919, 62, [B], 661). M.p. 
liberated passing into the oxide lattice and con- 119°, b.p. 262°/771 mm., 119°/0 6 mm. It is 
verting an equivalent number ol‘Cu++ ions into decomposed by water and alcohols but with- 
Cu"'" ions. The mixed oxide near the oxygen- stands the action of dry hydrogen chloride. 
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• n-HEXADECANEDICARBOXYLIC 
ACID, COgH'[CH is prepared 
by what is essentially the method of Crum- 
Brown and Walker (Annalen» 1891, 261, 125), i.e. 
by electrolysis of potassium ethyl sebacate 
followed by hydrolysis of the resulting ethyl 
hcxadecanedicarboxylate (A. Franke and 
O. Liebermann, Monatsh. 1923, 48, 589). It 
has also been obtained by indirect reduction of 
clupanodonic acid (Y. Inouo and H. Kato, Proc. 
Imp. Acad. Tokyo, 1934, 10, 463). 

Hexadeoancdicarboxylic acid has m.p. 124®. 
For absorption spectrum, see Ramart-Luoas and 
F. Salmon-Legagnour (Compt. rend. 1929, 189, 
915) ,* for ciystallography, W. A. Caspari (J.C.S. 
1928, 3235) ; for X-ray measurements, A. Nor- 
inand, J. Ross and E. Henderson (J.C.S. 1926, 
2632) ; and for dipole moment, C. Smyth and 
W. Walls (J. Amer. Chem. Soc. 1931, 63, 
527). 

This acid has achieved some technical import- 
ance by reason of its conversion into cydo- 
heptadecanoiie by heating its salts of rare 
earths (Swiss P. 122510-3 ; L. Ruzicka and 
CO- workers, Hclv. Chim. Acta, 1926, 9, 230, 389). 
W. Carothers and J. Hill (J. Amer. Chem. Soc. 
1933, 55, 5043) have utilised the thallium salts 
(the first product of heat treatment being 
linear polymer) and have also obtained poly- 
meric cyclic esters on heating the acid with 
trimethylene glycol {ibid. 1932, 54, 1559). The 
suitability of several derivatives of hexadecane- 
dicarboxylic acid for this ring-closure has also 
been examined (P. Pfeifl’er and E. Liibbc, J. pr, 
Chem, 1933, [ii], 136, 321 ; P. Chuit and J. 
Hausacr, Hclv. Chira. Acta, 1929, 12, 850; cf. 
also S. Landa and A. Kejvan, Coll. Czech. Chem. 
Comm. 1931, 8, 367). 

HEXAHYDRITE {v. Vol, IV, 3216). 

HEXAHYDROXYBENZENEis obtained 
by acidifying potassium carbonyl (Lerch, An 
nalen, 1862, 124, 22) ; by reducing tetrahydroxy- 
berizoquinone (Maquenne, Bull. Soc. chim. 
1887, [ii], 48, 64; cf. G.P. 368741); and by 
oxidising inositol with nitric acid (Gelormini 
and Artz, J. Amer. Chem. Soc. 1930, 52, 2483). 
It forms needles which darken without melting 
on heating and is a strong reducing agent. 
Esters are prepared by fusing it with the 
anhydride and Na salt of the appropriate acid 
(Backer and Van der Baan, Rec. trav. chim. 
1937, 56 , 1161). 

HEXALDEHYDE {n-Caproaldehyde). This 
■aldehyde, CgHn CHO, is used in perfumery, 
ajid has a fruity odour, by which special eftects 
can be achieved in most fioral perfumes 
It has b.p. 1317760 mm., 28712 ram.; 
0-8337. 

E. J. 1 

- HEXALIN ” (v. Vol. I, 147d), 

“ HEXAMECOLL” A preparation of 
guaiacol and hexamethylenetetramine, used as a 
^sinfectant dusting powder. 

HEXAMETHYLENETETRAMINE (v. 
Formaldehyde, Vol. V, 3206). 

HEXAM ETHYL ENETR I PER 0X1 DI- 
AM INE(w. Vol. IV, 6436). 

“ HEXAMINE ” (v. Vol. I, 326o). 

Vol. VI.— 15 


C YCLOH EXAN E (Hexahydrobenzene ; 

hexamethylene), C^H^i . — A hydrocarbon occur- 
ring naturally in the petroleum oil of Rumania, 
Galicia and the Caucasus. It is produced by the 
catalytic hydrogenation of benzene with a nickel 
>r noble metal catalyst (Sabatier and Senderens, 
/ompt. rend. 1901, 182 , 210 ; Ipatiow, J. Russ, 
^hys. Chem. Soc. 1907, 89 , 681-693; Amer. 
Chem. Abstr. 1907, 1 , 2878 ; Skita and Meyer, 
Ber. 1912,45,3593). 

Pure cyclohexane has m.p. 6-4®C., b.p. 81®, 
1*7791, and 1-425. The commercial product 
has a melting-point of about -f 3® which indi- 
cates a fairly high degree of purity. Jt is the 
best known solvent for both parafiin wax and 
rubbt^r, and is also a valuable solvent for recry- 
stallising purposes, being less toxic than the 
corresponding unsaturated hydrocarbons cyclo- 
hexene and benzene. A summary of observa- 
tions on the toxicity of these three hydrocarbons 
IS given in E. Browning, ‘‘ Toxicity of Industrial 
Organic Solvents,” issued by the Medical 
Research Coiracil (Industiial Health Research 
Board), 1937, pp. 118-122. For properties and 
uses of the commercial solvent, see T. H. 
Durrans, “ Solvents,” 4th od., London, 1935. 

J. W. B. 

HEXANITRODIPHENYLAMINE 
(Hexyl) (Vol. IV, 489a). 

HEXANITRODIPHENYL SULPHIDE 
(Picryl sulphide) (Vol. IV, 484c). 

HEXANITRODIPHENYLSULPHONE 
(Vol. IV, 484d). 

HEXANITROMANNITOL (Vol. IV, 
600 d). 

HEXANITROSULPHOBENZIDE (Vol. 
IV, 484d). 

a YCLOHEXANO L (Hoxahydrophenol). 

C,H„-OH. 

This isocyclic alcohol is produced by the 
catalytic hydrogenation of phenol in cither the 
gaseous or the liquid jihase. Conditions for this 
hydrogenation have been described in various 
publications and patents (Sabatier and Sen- 
derens, Compt. rend. 1903, 137 , 1025 ; Jpatiew, 
Ber. 1907, 40, 1286; Brochet, Compt. rend. 
1922, 176 , 583). 

Common to these processes is the need for 
somewhat raised temperatures although the 
reaction itself is highly exothermic. Phenol is 
more readily hydrogenated than its homologues, 
and this seems to bo only partly explained by 
the greater purity of the crystalline substance. 
A nickel catalyst is the one most commonly em- 
ployed. Pure cyclohexanol is a crystalline solid, 
m.p. ca. 267 b.p. 161-57 d*® 0-947 and njf 1-4664. 
Cyclohexanol is stated to exist in two allotropic 
modifications (Nagomov, Amer. Chem. Abstr. 
1928, 22, 4485). Data as regards the melting- 
point are therefore somewhat uncertain. 

Commercial cyclohexanol has a high degree of 
purity, containing only a small proportion 
(under 0-5%) of cyclohexanone. Jt has been 
marketed under various trade names, e.g. 
“ And” “ Hexalin” as well as under its 
chemical namet 

Cyclohexanol and its derivatives have obtained 
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C'OiiBiderabIc imjiortance ua teelinjcul chemicalH. 
The alcohol itself is a good solvent for dyes, 
waxes and shellac, and has found use in the 
manufacture rif polishes, spirit varnishes and 
inks as well as in the textile industry. The 
esters, acetate, phthalatc, etc., have found con- 
siderable use as solvents and plasticisers. 

Methylcydohexanol, C^HjoMe OH. While 
four structurally isomeric methylrvcZohexanols 
exist, interest is mainly centred in the throe 
derivatives of the corresponding ortho-t meta- 
and paro-crcHols, i.e. the herahydrocresols. 
'^I’hcHC arc obtained from the cresola by catalytic 
hydrogenation in the pri'sence of a nickel catalyst 
under varying conditions according to the pro- 
cess used. Common to all is the use of a some- 
what raised temperature. The 1:2-, 1:3- arid 
l:4-mcthylryc7ohexanolB show small differences 
in boiling-point and other physical character- 
istics (1:2- b.p. l^)7-108^ 0 033; 1:3- b.p. 

170-17^, 0-924; 1:4- b.p. 173-174^ 

0-924). Stereoisomeric forms of w-methylcycZo- 
hexanol are known. 

The methylcydohexanol of commerce (also 
known under various trade names such as 
“ iSextolf"' “ Melhylanol” “ Methylhexalin ”) is a 
mixture of the above tliree isomers in various 
proportions, and may also contain small quanti- 
ties of rycZohoxanol, and usually contains a very 
small percentage of the corresponding ketones. 
A typical commercial product has the following 
approximate composition : o-methylryc?ohcxanol 
30% ; m-methylci/ciohexanol 35% ; p-methyl- 
ryr/ohoxanol 35%, and has b.p. 168-175°, 
B 0-926. 

MethylryrJohoxanol has become a solvent of 
considerablo commercial importance. This is 
due not only to its solvent power for fats, oils 
and dyes, but also to its outstanding ability to 
reduce surface tension and to stabilise emulsions. 
Those properties have led to an extensive use of 
this solvent in the textile industry, for the pre- 
paration of textile- laundry- and dry-cleaning 
soaps, and for textile dyeing and printing. 

The esters, acetate, phthalatc, stearate, etc., 
are used extensively as solvents and plasticisers 
in various branches of industry {r, Durrans, 
"Solvents,” 4th od., 1935). 

J. W. B 

HEXATRIENE (Vol. II, 161a). 

" HEXANON ” (Vol. I, 380d). 

HEXOGEN (Vol. Ill, 535d). 

H EXOKINASE (Vol. V, 24c, 35r). 

HEXOPHAN (Bayer Products). 2(4'- 
hydroxyphonyl) quinoljuo-4:3'-dicarboxylic acid, 
used in the treatment of gout (Pharm. J. 1925, 
114, 202). ” Lytophan ” is 2-phonylquinoline- 
4:3'-dicarboxylic acid (Gudzent and Keip, Ther. 
d. Gegenw. 1921, 62, 127). 

HEXURONIC ACID (v. Vol. I, 502a). 

HEXYL { V . Vol. IV, 489a). 

ti-HEXYL alcohol, C.Hia'OH. This 
alcohol and its esters have been used as syn- 
thetic perfumes. They are, however, of little 
importance. 

E J P 

HIBBENITE V . Hopeite. 

HIDDENITE. A transparent, emerald- 
green variety of the mineral spodumene, 


LiAISigOg, used as a gem-stone. It is found- 
with emerald in North Carolina, and has been 
popularly, but erroneously, known as “ lithia- 
emerald.” 

L. J. S. 

" HIDUMINIUM ” {v. Vol. I, 2536). 
HIERATITE (v. Vol. V, 606). 

HIGHGATE RESIN. Copalin, a fossil 
resin resembling copal found in the blue clay of 
Highgate Hill. 

HIGH PRESSURE REACTIONS. The 

Influence of Preasure upon Chemical Reaciiona in 
the Liquid Phase. — In considering the effect of 
pressure upon the course and rate of a chemical 
reaction in the liquid phase it is necessary to 
take into account its influence upon certain of 
the physical properties of the medium. Thus, 
for example, any change in the specific volume, 
viscosity, specific heat or the melting- and boiling- 
points of the reactants may exert an appreciable 
influence upon the velocity. It is also well 
known that solvents may interfere with the 
mechanism of a reaction, and in a num](>er of 
instances a correlation has been ob^rved 
between the eflFect of tlio solvent and suem pro- 
perties as refractive index, dielectric constant 
and cohesion (Moelwyn-Hughes, ” Kinetic^ of 
Reactions in Solution,” The Clarendon Pitess, 
1933, p. 51), Although such relationships \|aro 
quite Rijecilic, it is clear that any factor, sucli as 
pressure, tending to bring about a change in one 
or more of them will exert an influence upon 
reaction velocity. There is also evidence that 
pressure may give rise to an induced or increased 
polarity of the reactant molecules, and it has 
been suggested that some of the potential energy 
gained by a system ns the result of isothermal 
compression may, m certain circumstances, 
become available as part of the a ctivation energy 
neceasary for reaction to take place (l^^awcett 
and Gibson, J.C.S., 1934, 386). 

Two important properties w^hich require con- 
siileration are compressibility and thermal dila- 
tation. The volume change when a liquid is 
subjected to hydrostatic pressure is determined 
by changes in molecular configuration, by the 
closer packing of individual molecules and, to 
some extent, by the deformation or compression 
of the molecules themselves. 

The thermal dilatation of liquids, in general, 
decreases with increasing pressure up to about 

4.000 atm., after which the jiressure effect 
becomes irregular and, in some instances, changes 
in sign, the dilatation increasing over a range 
of several thousand atmospheres and then again 
decreasing. 

It will bo seen from the data in Table I that 
both in respect of the compressibility and the 
dilatation, there is a. tendency for most liquids 
at high pressures to lose the individual differ- 
ences which usually characterise them ; thus, 
the ratio of the dilatation of ether to that of 
amyl alcohol at low pressures is 1*6 whilst at 

12.000 kg. per sq. cm. it has fallen to 1-03 ; 
furthermore, the effect of pressure in decreasing 
the compressibility is much greater than its 
effect in decreasing the dilatation. 

The Collision Number in the Liquid Phase . — 
Collisions between molecules in a liquid differ in 
some important respects from those in a gas. 
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I'able I. — Changes of Compressibility and 
Thermal Expansion Produced by Pres- 
sure (Bridgman, Proc. Amer. Aoad. 1913, 
49, I). 


Liquid. 

Compressibility K. 

Dilatation S. 

-^12,000 

^6.000 

ATz.000 

A’'i2,000 

xlOO 

1 8i 

1 3i2.Q00 

Se.oQo 

Siz.ooo 

^12.000 

XIO* 

Methyl 

alcohol 

18-4 

2-20 

7 4 

4-29 

1-23 

2-98 

Kthyl 

alcohol 

13 7 

202 

8 1 

45-0 

1 30 

2 08 

?i-Propyl 

alcohol 

l.'iB 

1 94 

70 

4 80 

1 33 

2-37 

ifioButyl 

alcohol 

16 6 

1 68 

8-6 

4-15 

117 

1 

2 75 

ijfoATnyl 

alcohol 

14 4 

1 86 

7-4 

4-40 

1-30 

2-40 

Ethyl 
ether . 



1-62 

9 6 

__ 

1'32 

2 4ft 

Acetone . 

— 

1-85 

8 7 

— 

1-35 

2-82 

Carbon di- 
sulphide 

13-8 

1-82 

8-7 

5 47 

1 31 

2 02 

PhOB- 

phoruB 

trichloride 

14 2 

I'Hl 

8 0 

4 84 

1 31 

2 7ft 

ethyl 

chloride 


1 78 

9 0 

_ 

1 37 

2 67 

Ethyl 

bromide 

14 9 

1 87 

8 2 


1-33 

2 60 

Ethyl 
iodide . 

14-9 

1-89 

8 1 

4 86 

1 22 

2 48 


Prom (2) the biiuolecular velocity constant k\ 
expressed in litres per g. mol. per sec. can be 
evaluated. Thus, if N is the Avogadro number 


dji J_ .V 
dT 1,000 


(3) 


By combining (2) and (3) 




I 



(4) 


and, differentiating with respect to temperature, 
(Unk 

■rfT ■ KT“ ■ • ■ ••('•) 

A similar result may be obtained from the 
Arrhenius equation 

l- Ti'Z, (ti) 


In this equation Z denotes the number of en- 
counters between reacting moleculefl under 
specilied conditions, is tho “ critKal inciv- 
nient of energy ” and B is a factor representing 
the probability that a eollinion involving tho 
requisite energy will lead to reaction. 

On differentiating ((») with respect to tempera- 
ture 


In a liquid containing, for example, two reacting 
species A and B in solution, each reactant mole- 
cule will be surrounded by a cage of solvent 
molecules and coUiaion can only occur by a 
process of diffusion duiing wdiich one molecule 
penetrates into the cage occupied by another. 
Once having become “ co-ordinated ” in this 
way the 2 molecules may make a large number 
of collisions before separating. In a gas a 
collision is a iiniquo event and a second collision 
lietween any two specific molecules hardly ever 
occurs immediately. 

The number of binary collisions in a gas is 
given by the equation : 


. ( 1 ) 


whore and Wg are the number of molecules 
per c.c. of molecular weight and Mj, re- 
spectively, and ^ 1,2 average molecular 

radius. The corresponding number for a liquid 
under similar conditions would be about 10® 
times greater and would increase with pressure 
approximately as the viscosity* Reaction occurs 
as the result of collisions between molecules 
having energies equal to or in excess of a certain 
critical value E. The number of such collisions 

-.g 

is obtained by multiplying (1) by e The 
majority of liquid phase reactions are bimole- 
cular and the rate of change is given by 


i RT 




where C is the ratio of the coUision number in 
the liquid phase to that in the gaseous phase. 


(Ibi/C 

■(/T ' KT« • ■ • 

From (5) and (7) 

7.’-/ViRT (8) 

Tho difference between E and E^ is usually un- 
important except where T is high or E is small. 

The velocity constants and critical increments 
of a large number of bimolccnlar reactions in 
solution have been measured at atmospheric 
presauro and about 40% of them are found to 
have normal velocities in accordance witli (1); 
in HU(^h cases the calculated collision frequency 
varies little from reaction to reaction, an average 
value being about 2-8 x and tho jirobability 
factor does not differ much from unity. Of the 
remaining reactions the greater pait are “ slow ” 
in tho sense that their velocities are from 10 to 
100,000 times slower than the calculated values 
and B is less than unity, whilst a few, on the 
same basis, may be classified as “ fast,” B being 
greater than unity. All three types of reaction 
show positive responses to pressure. 

Whilst tho cause of such abnormal rates is not 
known with certainty there are a number of 
factors which might be responsible. Thus, in the 
case of “ slow ” reactions the endothermic for- 
mation of a complex prior to the reaction proper, 
deactivation by molecules of the solvent, or 
special conditions of orientation or of internal 
phase of the reacting molecules at tho moment of 
impact would account for the apparent slowness 
of the reaction. ** Fast ” reactions might be duo 
to tho exothermic formation of a complex prior 
to reaction, the distribution of the energy of 
activation among a number of internal degrees of 
freedom of the reactant molecules, the occurreneo 
of a chain reactioR, or activation by some external 
source of energy (Moolwyn-Hughes, op. cit.). 
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If it be atiflumed that, prior to reaction, two mole- j 
culoB |>oHHeHHing the requisite activation energy j 
muHt come together and form a jire-activated ' 
complex, then reaction will occur when the life ^ 
period 0 of the complex ih equal to or greater | 
than the time t required for the completion of the ; 
internal motionn of the molecules neceasary to 
bring the atomn to ajipropriato distances, and , 
with suitable relative velocities for new bonds to ' 
lie formed. If the collision complex is stable, 0 | 
will be large* and the factor B of equation (d) will | 
bir constant and independent of A’ ; on the other ! 
hand, when, ^is appreciably greater than a | 
eorrelation should be observable between BZ and i 
E. Since (he life of the complex is terminated, I 
either by separation of its constituents by de- 
activation in a collision, or by chemical trans- 
formation, the effect of hydrostatic pri'ssure 
would be, proHiiinably, to inerease its stability 
(rairclough and Rinshelwood, d.C.S. 1937, f>38). 
In this connection recent work has shown that 
whilst pressure accelerates both “ normal ” and 
“ slow ” reactions its effect upon the latter class 
is far greater than upon the lormer ; in “ slow ” 
reactions moreover both B and E are found to 
vary with pressure in a regular manner. 

As a typical example of a normal reaction the 
interaction of sodium ethoxnh^ and ethyl iodide 
in alcohol solution may be considered (Gibson, 
Fawcett and Perrin, Proc. Boy. Soc. 1935, A, 
IBO, 223). The reaction 

CaHj ONa f CaH^I -> t Nal 

is bi molecular and the velocity constants are 
found to vary with the initial concentration of 
the soduiin ethoxide but not with that of the 
ethyl iodide. In Table 11 the constants for 0 1 
normal solutions at temperatures between lii" 
and 30”('. and over the pressure range 1-5,00(1 
kg. /cm.® are given. 

Taiii^k 11. — Tiik Velooity (^instants for 
T iiK Interaction of Sodiiim Ethoxide 
AND Ethyl Iodide in Alcohol Solution 
AT Varioii.s Pue.ssitres. 


Tem- 

perature, 

^C. 

PresBiire, 
kg /cm.®. 

K X ina ^ 1 A (eale.) 

g mol /litrc/iiiliiutc. 

14 85 

1 



2 30 

2-27 

19-95 

1 

— 

4-19 

4-26 

250 

1 

— 

7-73 

7-79 

30-0 

1 

— 

13 60 

13-90 

14-85 

2,980 

4-25 

3-65 

3 57 

19-96 

2,980 

7-69 

6 53 

6-72 

26-0 

2,980 

14-40 

12-40 

12 30 

300 

2,980 

25-20 

21-60 

22-00 

16-0 

6,000 

5-6 

4-6 

4-65 

20-0 

6,000 

10-3 

8-4 

8-48 

26-1 

6,000 

19-4 

15-9 

15-80 

301 

6,000 

342 

28-1 

27-60 


The constants K-^ in coluum 3 of the table are 
uncorrected for the changes in concentration 


due to the thermal expansion and compressi- 
bility of the solvent; in column 4, K (obs.) 
are the corrected values. 

It will bo seen that whilst the velocity in- 
creases with pressure the effect is not very 
marked and at 5,000 kg. /cm.® the rate is only 
about double that at atmospheric pressure. 
From the experimentally determined constants 
the values of BZ and E (equation 6) are found to 
be : 

Prcftftiirc, 

kg./cin nz X E, K -cal 

1 . . . . 1-2S 20,740 

3.000 2 23 20,800 

6.000 132 20,340 

The values of K calculated from these constants 
are given in column 5 of Table II. The changes 
in BZ and E with pressure are not, in this 
instance, of sufficient magnitude to enable any 
distinction to be made as to their relative im- 
portance in determining the observed accelera- 
tion of the reaction. 

Somewhat similar rcsuli.s arc found for the 
hydrolysi.s of sodium monocliloroacetaie by 
sodniin bydroxidt* in aqueous solution. The 
reaction is hitnulccnlur and “ normal ” and its 
velocity irKTcasc.s with j>resHure, tli(i value at 
12,(K)() kg. /cm.® being about 0-5 times (be 
value at iitmosjduTic pressure 
The above reactions may now be compared 
with a typical “ slow’ ” reaction, namely that 
between pyridine and ethyl iodide in acetone 
solution 



The rate of this reaction at 3,000 kg./iim.® 
i.s 7 2 times, and at 8,500 kg. /cm.® is 47-5 
times a.M great as that at atmo.spherie pressure. 
The variations of the constants of the Arrhenius 
equation with pressure are as follows : 

Pressure, 

kg BZ X lO'^. E, g.-cal. 

I . . 2- 13 14,390 

2,975 7P6 15,360 

6,000 . 197 0 15,610 

8,500 2,490-0 16,380 

Both eonstaiitfl show a marked increase with 
pressure. 

In the foregoing examples the reaction rates 
have been measured in dilute solution and are, 
therefore, influenced to some extent by changes 
in the physical projicrtios of the solvent with 
pressure. 

An interesting example in which the pure 
reactants and products only are concerned is 
that of the esterification of acetic acid by a 
series of alcohols (P’eng, Sapiro, Linstead and 
Newitt, J.C.S. 1938, 784). Measurements have 
been made of the rates of esterification at a 
number of pressures from atmospheric to 4,()CK) 
atm. and the corresponding velocity constants 
have been determined. The values of the 
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constants of the Arrhenius equation for the 
reactions are given below ; 

Vai.ubs of the Constants of the Arhhenius 
Equation fob the Rate of Esterifica- 
tion OF Acetic Acid with a Series of 
Alcohols. 


Alcohol. 

Pressure, 

atm. 

E, g.-cal. 

A or BZ. 

Ethyl .... 

1 

13.770 

4-68 X 10* 


2,(XK) 

13.790 

2 40xl0» 


3,000 

13,830 

G lOx I0> 


4,000 

13,980 

161 X 10‘ 

w- Propyl . 

1 

13,660 

4- 10x10* 

2,000 

13,910 

2-98x10* 


3,000 

14,190 

8-87 X 10* 


3,760 

14,740 

3-33 X 10* 

w-Butyl 

1 

13,720 

GtiOxlO* 

2,000 

14,680 

7-00 X 10* 


3.000 

14,960 

2-44 X 10* 


3,760 

15,190 

6-72x10* 

i.soProp3d . 

1 

16,890 

3-20x10* 

2,000 

19,400 

2-16x10* 


3,000 

20,660 

2-66x10’ 


3,760 

22 220 

4-38x10“ 

ifloButyl . 

1 

DMHO 

4-84 X 10* 


2,000 

17,850 

1-30 A 10* 


3,000 

18,240 

3-36 X 10* 


3,750 

18,780 

1-16x10’ 

scc.-Butjd 

1 

17,460 

2-50x10* 

2,000 

19,790 

3-63x10* 


3,(K)0 

21,010 

4-90x10’ 


3,760 

21,720 

2-22 x 10“ 


Both E and BZ incTcase with pressure, the effect 
being greatest with laopropyl and «ec.- butyl 
alcohols ; tliere is also, in all cases, a functional 
relationship between the two eonstants, straight 
linos being obtained by plotting values of E 
against log BZ. 

Unimolexular Decomposiiionft . — It would be 
expected from the Le Chatelier-Braun principle 
of mobile equilibrium that increase of pressure 


w'ould exert a retarding effect upon the rate of a 
unimoleciilar reaction, and such is found to be 
the case. Phenylbenzylmethylallylaminonium 
bromide decomposes at a moasurablo rate m 
chloroform solution at temperatures between 
25 and 45^0 . The reaction is reversible and to 
determine the velocity constant of the decom- 
position it is necessary to measure the equili- 
brium constants a at the various temperatures 
employed. The results for a 0 0975 normal solu- 
tion are summarised in Table III (Williams, 
Perrin and Gibson, Proo. Roy. Soe. 1930, A, 
154, 084). 

Tabi.e 111. — Decomposition of Phenyl- 

DENZYLMETHYLALLYLAMMONIUM BhOMIDE 

IN Chloroform Solution. 

(Strength of solution “O OOTrt normal ) 


Tem- 

perature, 

“C. 

Pressure, 
kg /cm. 8. 

a 

K (ol)H ) I 
XlO*. 

K (calc.) 
XIO*. 

aK 

XIO**. 


g. mol. /litre/ minute. 

25-0 

1 

7-07 

3 23 

310 

0-258 

20 U5 

1 

61 

7-4 

7-1 

0 377 

3405 

1 

2-21 

15 8 

15-85 

0 350 

30 0 

1 

1 44 

U4;j 

34-7 

o-4o:i 

44 0 

1 

0 «4 

74 f» 

73-0 

0 478 

25-0 

2,1)K0 

7.5 5 

2 JO 

2-24 

1-03 

20 i):* 

2, OHO 

34-0 

5-1 

4-9 

1-74 

34 05 

2,080 

Ifl 8 

10-7 

lO-O 

1-80 

40 0 

2, OHO 
2,080 

10 0 

22 0 

23-4 

2 43 

44 0 

7 37 

470 

48 0 

3 51 


Polymerisations by Pressure . — As an example 
of the effect of pressure upon this class of re- 
action the behaviour of a-mothylstyrone may 
bo given. Under normal conditions the trimeride 
is the highest polymer obtained either by heat 
alone, or with addition of Florida earth or boron 
trichloride; on the other hand, at 5,(X)0 atms. 
and UK)'X^, a mixture of high polymers with a 
mean molccidar weight of 6, GOO is obtained. 
The effects of temperature and time upon the 
yields obtained at different pressures are as 
follows : 


POLYMEIIISATION OF a-METHYLSTYBENE (Sapiro, LinsUiad and Newibt, J.C.S. 1937, 1784). 


Temper- 
ature, “tl. 

Pressure, atm. 

Time, hoius. 

Yield, per cent. 

Mean molecular 

Monomer. 

Low polymers. 

High polymers. 

polymers. 

100 

6,000 

1 

98-99 






14 

32-6 

3-4 

64-0 

— 



96 

15 

— 

85 

5,400-6,800 

no 

3,600 

96 

23 

12 

65 

2,600 

120 

2,000 

96 

68-3 

27-2 

4-6 

1,600 



260 

46-0 

48-7 

6-3 

— 

125 

4,000 

96 

46-4 

27-7 

26-0 

1,050 


10,000 

47 

21 

■0 

790 

1,170 

160 

4,000 

48 

18-1 

81*9 

none 

— 





(M.W.-370.) 




Another example of pressure polymerisation pentadione in the pure liquid phase is subjected 
has been worked out in detail (Raistrick, Sapiro to high hydro^atic pressure, reaction is found 
and Newdtt, J.C.8. 1939, 1761). When cydo- to proceed in three distinct stages, depending 
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upon the temperature and preHHurc, viz. 

(1) dimeriHutiun to dicydopentadiene only, 

(2) association to higher polymers amongst 
which the trimer and tctramer have been 
identified, and (3) a violent disruptive reaction 
producing mcthfine and a highly carbonised 
residue. 

The bimoleciilar velocity constants of the 
dimerisation reaction have been measured over 
the tcmpeniture range 0-4(T''C. up to a pres- 
sure of 5,000 atm. The values of the ratio 
KplKi tahuliited below show an increase with 
tein])eraturc, jiarticularly in the higher pressure 
ranges. 

TiIK InFI-ITEN(’K of Tkmperatujve upon the 
Ratio KjtlK^ for Various Pressure 
Kanqes. 


Values of forthepreHsure ranyo(atm.) : 


"C, 







l-fiOO. 

1-2,000, 

1-2,000. 

1-4,000. 

1-5,000. 

0“ 

1 r»:i 

48 

12 3 

22 -7 

44 2 


1 (ifl 

7 Ofi 

ir» 5 

22 3 


rgr 

1 H(i 

7 74 

IH .^j 

— 

— 

■40" 

2 05 

8‘75 



' 


Ah with must other 1i(|uid phase reactions 
winch ha\c‘ iieen investigated at high juessures 
the values of HZ and E o( the Arrhenius equation 
inereaso with jiressure. T’he term HZ is made 
up of the collision number Z and a jirobability 
factor H both of which may vary wutli jiressure. 
If the collision number he assumed to remain 
constant at 10^*, i.e. about 10® times greater 
than the gas collision number, then it is found 
that for a pressure increase of 5,000 atm. the 
probability of interaction between two cyclo- 
pentadioiie inoleeules with the recpiisito energy E 
is increased by more than 10® times. This resiilt 
is not improhablc ; the viscosity of the medium 
is increased by a factor of at least 10 at the 
higher pressure, and the tendency towards 
orientation of the molecules, always evident in 
tJio liquid jihase, is thorohy inerensed. If such 
orientation brings pairs of molecules into the 
eoiTOet relative position for interaction, the 
probability factor will show a corresponding 
increase. 

The activ^ation energy term E is compoaito 
and made up of energy contributions arising 
from changes in the physical properties of the 
medium and from variations of the rate of 
dift'iision of the reactant molecules. Since BZ 
also contains terms which depend upon such 
changes some simple relationship between them 
is to bo expected. In nearly all cases it is found 
that on plotting log BZ against E a straight hno 
is obtained. It has also been shown by Nowitt 
and Wassermaun (J.C.S. 1940, 735) that the para- 
meters E and BZ calculated for constant volume 
conditions are independent of pressure. 

D. M. N. 

HIGH TEMPERATURE CARBON- 
ISATION {v. Vol. V, 3676, 450, 451). 

HI IROGANE.— " IliiTogan^ ” is the name 
given to a blood-red coloured metallic coating 


obtained on copper by treatment w'ith an 
aqueous solution of copper sulphate and ver- 
digris, or on copper alloys by heating with a 
paste containing a cUpric salt, borax and a little 
water. The colour may be duo to a mixture of 
cuprous and cupric oxides (c/. Miyazawa, J. 
Chem. Ind. Tokyo, 1917, 20. 1102; J.S.C.I. 
1918, 37. 211a). 

H I LG ARD I T E . Hydrated chloroborato of 
calcium, Cag(BoOii)3Cl4,4H20, as colourless 
triangular plates with monoclimc-domatic sym- 
metry. It IS found amongst the sandy residue 
accumulating at the bottom of the brine well in 
the Choctaw salt dome in Louisiana. Dimor- 
phous with this, and with the cr^^stals inter- 
grown in parallel position, is parahilyardite with 
tricliiiic-pcdial symmetry (C. S. Hiirlbut and 
H. E. Taylor, Amer. Min. 1937, 22, 1052; 1938, 
23, 765, 898). 

L. J. S. 

HINK’S TEST (v. Vol. IT, 167a). 

HIPPOCASTANIN {v. Vol. Ill, 276). 

HIRSUTIDIN is the anihoeyanidm ob- 
tained by acid-hydrolysis of hirsutin {q.v.), a 
colouring matter of the petals of J^rirnula 
hirsuta. Karrer and Widmer (Helv. Chim. 
Acta, 1927, 10, 758) recognised it as the 5:3'':5'- 
or 7;3':5'-triinethyl ether of delphiiiidin {q.v.) 
from analytical data, colour reactions and the 
formation of syringic acid when hirsutone {see 
Hiii.sirriN) was hydrolysed by means of alkali. 
The correctness of the second alternative was 
established by synthesis (Bradley, Robinson and 
Sehwarzenbach, J.US. 1930, 794). 4-O-Methyl- 
2-O-benzoylphloroglueinaldohyde (T) and w- 
aeeioxy - 4 - beiizjdoxy - 3:5 - dimethoxyaeeto- 
phenone (11) condensed by means of dry HCI 
in ethyl acetate solution gave a benzoylatcd 
salt, from w hich (III), identical w^ith hirsutidm 
chloride, was obtained by do-aeylation. 


MeOi 



OMe 

CO-/ ^OCH^Ph 
OMe 


11 . 



HI. 


The chloride, C 2 uHj 707 CI, crystallises from 
aqueous HCI in tho form of short, dark red, 
pointed prisms. It dissolves in hot water 
to a pale red solution with a violet tinge, 
but this rapidly becomes colourless on boiling 
owing to formation of tho pseudo-base ; on 
adding acid the colour is restored. Even in hot 
0-5% HCI the salt is only sparingly soluble 
to a reddish solution, and a cold saturated solu- 
tion in 4% HCI is pink. A freshly prepared 
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solution in methyl alcohol is violet-red, and this 
becomes pure blue on the addition of solid sodium 
acetate or sodium carbonate solution. If the 
solution is kept for some time previous to the 
test a greenish- blue colour is obtained. The 
chloride dissolves in 01^ aqueous sodium 
hydroxide forming a purple-blue solution which 
rapidly becomes crimson-blue (dicliroic) and 
then fades to emerald green. The cooled solu- 
tion in hot 0-25% HCI apparently contains 
much 'paeudo-haee since excess of sodium car- 
bonate gives a brownish-green solution changing 
to olive-green. Unlike ej’anidm and dclphinidin 
(jy.r.), both of which reduce Fehliiig's solution 
in the cold, hirsutidin is affected only on heating. 
It gives no colour reaction with ferric chloride. 

W. B. 

HIRSUTIN. A study of the colouring 
matters of Primula has shown that the petals of 
P. viftcosa owe their hue to malvin, which is also 
present in the blue wild mallow {Malva sylve^tria), 
that P. intcf/ri folia contains malvin and an 
anthocyanin with a smaller mcthoxyl-contcnt, 
whilst P, hirsuta contains hirsiitin, a methyl 
ether of rnalvin (Karrer and Widmer, Helv. 
(^him. Acta, 1927, 10, 758). Hirsutm chloride 
crystalliaes readily and separates from hot 1% 
HCI on adding 5% methyl-alcoholic HCI in the 
form of deep brownish-violet felted needles of 
the let rally (hate, C3oH3,Oj7CI,4H20 (dried in a 
desiccator over sul[diiiric acid), m.p. 1 50-1 
(decomposing after sintering at about 145'"). 
The anthocyanin is Hparingly soluble even in 
very dilute HCI to a violet-red solution which is 
bluer than that of cyanin (t/.r.). In alcohol the 
colour is a deeper blue. When sodium acetate 
or sodium carbonate is added to an acid solution 
the violet colour-haae (IT) Bcparntes ; hirsutin 
is unique amongst natural anthocyaiims in that 
the colour- base does not dissolve in alkalis to 
form a blue alkali salt. Hirsutin is hydrolysed 
on heating with 20% HCI to hirsutidin (1 mol.) 
(g.v.) and glucose (2 mol.). It is oxidised by 15% 
hydrogen peroxide to hirsutone, CjQHggO^g, a 
colourless, highly crystalline ketone which dis- 
solves easily m hot water but sparingly in cold. 
Hirsutone is very easily hydrolysed by means of 
aqueous sodium hydroxide with formation of 
syringic acid (,‘};5-di-0-methylgallio acid). 

The constitution of hirsutin has been estab- 
lished by R. Robinson and co-workers (J.C.S. 
1930, 793) who showed that hirsutidin is the 
7;3':r)'-trimethyl ether of delphinidin. Robinson 
and Todd {ibid. 1932, 2293) showed that the 
sugar component is present in the form of two 
glucose luiits attached to positions 3 and 5, 
they synthesised hirsutin by condensing 2-0- 
tetra - acetyl - - glucosidyl -4-0- methylphloro - 
glucin aldehyde (I) with oi-O tetra-acetyl-j9-glu- 
coBidoxy-4-acotoxy-3:5 - dimethoxyacetophenone 
(II) to a flavylium salt which was then de- 
acetylated to hirsutin (III). 



(AcOJ.CeH^OO 

I. 



MeO, 



Both hir8utidin-3-)3-glucoside and hirsiitidin- 
5-j9-lncto8idc differ in jiroperties from hirsutin. 
The 3:5-diglucoHide structure relates hirsutin to 
pelargonin, cyanin, paonin, deljdiiri and malvin. 

W. B. 

HIRUDIN (r. Vol. 11, 24c). 

H ISP I DOG ENIN {v. Vol. II, 38r)f/). 

H ISTAM I N E {v. Vol. IV, 331d). 

H I ST I D I N E , gly()xaline-5-alamne, fi^imina- 
zolyha-ami nopropiomc acid, 

NH— CH\ 

I* ^^5>CCH,CH(NH,)C0,H 
CH™n/ 

I. 

was discovered by Kossel (Z. jdiysiol. Chem. 
1890, 22 , 170) among the products of hydrolysis 
of the protamine sturinc, wdiich contain 12-9% 
histidine (Kossel, ibid. 1900, 31 , 207). It is an 
important, constituent of many animal and 
vegetaVde proteins and according to Boone 
(Med. Bull. Univ. Cincinnati, 1931, 6, 193) it 
occupies a terminal position, since 5-20% of 
the histidine content can be isolated in an 
optically active state after mild alkaline 
hydrolysis of haemoglobin, cdestiii, casein and 
Witte’s peptone. Histidine occurs in histones 
(basic proteins) (Lawroff', Z. physiol. Chem. 
1899, 28 , 388; Abderhalden and Rona, ibid. 
1904, 41 , 278 ; Kossel and Staiidt, ibid. 192G, 
169 , 1 72) ; in gelatin and egg albumin (Simms, 
J. Gen. Physiol. 1928, 11 , 613); in crystalline 
insulin (2-67%) (Jensen, Wintersteiner and Du 
Vigneaud, J. Pharm. Exp. Ther. 1928, 82 , 387) ; 
in horse haemoglobin (7-64%) (Vickery and 
Leavenworth, J. Biol. Chem. 1928, 79 , 377) ; in 
crystalline oxyhaemoglobin (7-5-7 -6%) (Abder- 
halden, Fleischmann and Irion, Fermentforscli. 
1929, 10 , 446) ; in the antipeptonc obtained by 
pancreatic digestion of fibrin (Kutscher, Z. 
physiol. Chem. 1898, 26 , 195) ; and has been 
isolated from other proteins (Hedin, ibid. 1896, 
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22, 191) ; from rod blood corpiisoles (l/> g. of the 
hydrochloride frtrni 6(H) o.c. of blood corpuBole 
pa8te) (Jones, J. Jliol. Chorn. 1918, 33, 429; 
Hankc and KoesHler, 1920, 43, /»21 ; Chem- 
nitiiiH, Pharin. Zontralk. 1928, 69, 471); from 
fresh fiflh (Suzuki, iJ. Agn. Tokyo, 1912, 51, 1); 
from fish Hf)oriri (Yamagawa, Mikawa and 
I’omjyaina, J. linj). Eish Insi. Tokyo, 1920, 22, 
No. 2, 30 ; lliol. Abstr. J 927, 2, 975) ; from Ovlopus 
octopodia (Morizawa, Acta Schol. Mod. Univ. 
Imp. Kioto, 1927, 9, 299); from diphtheria 
bacillus (Tainiiru, Z. jjhysiol. (’hem. 1914, 89, 
295) ; from newly hatched cbick.s (0 05%) 

( VoHliiinura, 3. Cliein. Soc, Jajtan, 1930,57, 318) ; 
from the yolk, white, ernbrye imd shell inem- 
bnin(‘ (d’hen eggs ((’alvery, J. lliol. (’hem. 1932, 
95, 297) , and Irom human hair (0-5%) (Vickery^ 
and Leavenworth, ibid. 1929, 83. 523). Histi- 
dine (u'ciirs in human pregnancy urine and its 
pn'sence has l)(“en suggested as a test for this 
condition (Foldes, Hioclieui. Z. 1930, 283, 199; 
1930, 285, 294, 290; cf. Kapellor- Adler, ibid. 
1930, 285, 123; Armstrong and Walker, Bio- 
eliera. J. 1932, 26, 143; Kapellor- Adler and Haas, 
Bioeliem. Z. 1935, 280, 232; Kenton, S. African 
Med. J. 1935, 9, 441 ; llodo, Ainer. (3iem. Abstr. 
1935, 29, 1805), but this suggestion has met with 
seviTc eritieism (Loiiros, Klin. Woeh. 19.34, 
13, 1150; Gertler, Endokriiiologio, 1930, 17, 
45; Bosnian, S. African Med. J, 1935, 9, 514; 
Heeksteden, Dent. Z ges. geriehl. Med. 1935, 
24, 253), ospoeially since it occurs in normal 
urine (Wada, Acta Schol. Med. I'niv. Imp 
Kioto, 1930, 13, 187 ; Pellizzari, Boll. Soe. Ital. 
Biol, sperim. 1934, 9, 517). Histidine oeenrs 
also in the jirodiiets of hydrolysis of vegetable 
proteins, notably in the seeds and seedlings of 
rirea e^velsa Linn., Finns sylvestris Linn., 
Cucurbifa pepo Linn., Lvpinns luteus Linn, 
and Fisuin saUvum Linn. ; in th<^ case of the 
conifer seeds 300 g. of dry protein yield 3 g. 
of histidine hydrochloride (Schulze and Winter- 
Rt/cin, Z. physiol. Chera. 1899, 28, 469, 405 ; 1901 , 
88, 647). It is prosent in Se,cale cornuium 
(Frfl.nkel and Rainer, Bioehem. Z. 1911, 74, 
107); in some of the lower fungi (vSullivan, 
Science, 1913, 88 , 078; Reed, J. Biol. Chem. 
1914, 19, 200) ; in so^^a liean (0 02 g. as di- 
chloride from 5 kg. ; Sasaki, J. Agric. Ghem. Soc. 
Japan, 1932, 8 , 417) and various species of 
beans and jieas (Kiesol, Belozerskii and Skvorzov, 
Zhumal exptl. Biol. Med. 1927, 4, 538; Ainer. 
(yhem. Abstr. 1928, 22, 003; Jodidi, J. Amcr. 
Chom. Soc. 1936, 67, 1142); in potatoes 
(Yosbimiira. Bioehem. Z. 1934, 274, 408) ; and 
in ext racts of ergot (Trabucchi, Boll. Soe. Ital. 
Biol, sperim. 1934, 9, 501). It is also found in 
soils (Schreiner and Shorey, J. Biol. Chem. 
1910, 8, 381 ; Skinner, Bied. Zentr. 1913, 42, 
213, from Proc. 8th Int. Cong. Appl. Chem. 
1912 ; Lathrop, Chem. Zentr. 1917, II, 660). 

The preparation of histidine usually involves 
its isolation from the products of protein 
hydrolysis, and methods by which this is 
effected can be seen from the following examples. 
Vickery and Leavenworth (J. Biol. Chem. 1928, 
78, 627), and also Mendel and Vickery (Carnegie 
Inst. Washington Yearbook, 1,929, 28, 307) 
hydrolyse hsemoglobin and then precipitate the 
silver-Ustidine compound at 7-0 or 7-4. 


After removal of the silver, the histidine is 
separated from most of the accompanying 
amino- acids by precipitation with mercuric 
sulphate (Hopldn’s reagent) and recovered by 
treatment with hydrogen sulphide. The his- 
tidine is crystallised at the isoelectric point and 
further purified by crystallisation of the dihydro- 
chloride. The base may be conveniently re- 
covered by neutralisation to p^ 7-2 with mag- 
nesium oxide, advantage being taken of the 
solubility of magnesium chloride in alcohol. 
Smorodincev described the hydrolysis of ox 
blood with concentrated hydrochloric acid. 
The excess acid was evaporateil, the solution was 
made slightly alkaline, boiled to drive off am- 
monia and precipitated with mercuric chloride ; 
the precipitate was dissolved in hydrochloric 
acid and repreripitated with mercuric chloride 
and sodium carbonate, then decomposed with 
hydrogen sulphide and filtered. Evaporation 
of the filtrate gave the histidine hydrochloride 
(43 g. from 1 kg. of dry blood) (Bioehem. Z. 
1930, 222, 425). The mercuric cliloride method 
is more direei, less costly and gives a better 
yield than the silver oxide method (Abder- 
Wlden et al. Ainer. (’hem. Abstr. 1929, 23, 
2994). In the treatment according to Kapf- 
hammer and .Sporer (Z. physiol. Chem. 1928, 
173, 246) of protein hydrolysates, arginine is 
first removed as the flavianate and the filtrate 
is treated with Remecke’s acid, 

[(SCN)4Cr(NH3)2]H. 

Tlie preeijutate contains histidine, hydroxy- 
prolinc, and proline, and is decomposed by sus- 
pending in methyl alcohol and treating with 
copper sulphate which precipitates the Reinecke 
acid. Excess copper is removed with hydrogen 
sulphidcand sulphuric acid with baryta ; addition 
of pierolonic acid now precipitates histidine 
which can be recovered as the dihydrochlorido 
(12-2 g. from 250 g. hiemoglobin) by decom- 
posing the precipitate with concentrated hydro- 
chloric acid, filtering and evaporating. The 
hydroxyproline and proline can be separated 
with caclraium chloride which precipitates the 
latter. For the separation of histidine from 
hydrolysed blood corpuscle paste by Foster and 
Schmidt's method of electrical transport (J. 
Amcr. Chera. Soc. 1920, 48, 1709), <fee Cox, King 
and Berg, J. Biol, (.^hcm. 1929, 81, 765. Since 
cystine is precipitated by silver oxide at PYi 6 
it may occur in the crude liistidine fractions 
from proteins ; its copper salt, however, is very 
insoluble and these fractions may be freed from 
cystine by boiling with copper hydroxide, cooling 
and filtering (Vickery and Leavenworth, ibid. 
1929, 88 , 623). For the separation of histidine 
from histamine and choline by electrodialysis, 
and also the recovery of the base from the di- 
picrate, platinichloride, etc., by this method, 
aee Gebauer-Fulnegg and Kendall, Ber. 1931, 
64 [B], 1067. Quantitative separation of 

histidine from arginine may be obtained by 
adding an excess of a soluble sQver salt and 
adjusting the '^O/luo to 7-0 by careful addition 
of barium hydroxide solution. A second preci- 
pitation as the silver compound gives histidine 
free from arginine. The latter is precipitated os 
the silver salt at 10-11. The histidine is 
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conveniently recovered from the precipitate by 
decomposition with hydrochloric acid (Vickery 
and Leavenworth, J. Biol. Chem. 1927, 72, 403; 
75,115; see also Iloscdale, Biochem. J. 1929, 
23, 161). According to Bussit (Bull. Soc. Chim. 
biol. 1934, 10, 727), Hopkin’s mercuric sul- 
phate reagent does not give quantitative separa- 
tion from arginine. Separation of histidine from 
tyrosine may be effected by means of a reagent 
containing mercuric chloride, sodium acetate 
and sodium chloride, tyrosine remaining in 
solution (Lang, Z. physiol. Chem. 1933, 222, 3). 

The constitution of histidine as a-amino-p- 
glyoxaline-l>-propionic acid^ has been established 
by the work of Friinkcl, Pauly, Knoop and 
Windaiis, and of Pyman. Frankel (Monatsh. 
1903, 24, 229) showed that histidine contains a 
carboryl-group, since it displaces carbon dioxide 
from silver and copper carbonates, and an 
amino-group because on treatment with hypo- 
bromite or nitrous acid one nitrogen atom is 
removed and a hydrox 3 d group introduced. 
Frankcl therefore represented histidine by the 
partly expanded formula 

NH^C.H.NaCOaH, 

and gave the name histine to the comidex 
— CgHflNj — , and hydroxydeaminofiistiduie or 
hydroxyhislinecarboxylic acid to the compound, 
HOCfiMaNj-COaH, obtained from histidine 
by the action of nitrous acid. Pauly (Z. 
physiol. Chem. 1904, 42, 513) confirmed the 
presence of the carboxyl group in histidine by 
preparing the niothjd ester, and proved that the 
histine complex — CgHgNg — contains an imino 
group, because histidine yields a dinaphthalene- 
Hulphonyl derivative, and forms a rod dye with 
diazobenzenesulphonic chloride. These con- 
siderations, and the stability of the compound, 
led Paidy to conclude that the complex histine 
contains an iminazole (glyoxaline) ring, and that 
histidine has the constitution I. 

This conclusion has been confirmed by Knoop 
and Windaiis (Beitr. chem. Physiol. Path. 1905, 
7, 144), who obtained glyoxaline-fi -propionic 
acid {iminazolyl-5-propionic acid), 

NH CHv 

I ^CCHaCHjCOaH 

CH=N/ 


by reducing Frankel’s hydroxyhistinecarboxylic 
acid, and showed that it was identical with the 
synthetic product prepared by the action of 
formaldehyde and ammonia on Wolff s glyoxyl- 
propionic acid (Annalen, 1890, 260, 79). (Jf. 
Frknkol (Beitr. chem. Physiol. Path. 1907, 19, 
116). 

Knoop {ibid. 1907, 10, 111) also showed that 
by the successive oxidation of hydroxjr^histine- 
carboxylic acid, glyoxaline-6-carboxylic acid 
is obtained which, when heated at 286°, loses 
carbon dioxide and yields glyoxaline. 


NH'CH 

CH=n/' 




CCOjH 


NHCH. 

I >CH 

CH=N/ 


The complete synthesis of histidine is described 
by Pyman (J.C.S. 1911, 99, 1386). 5-Chloro- 


methylglyoxaline (II), obtained from diamino- 
acetone {ibid. 668), condenses with ethyl 
sodiochloromalonate to form the compound 111. 
This ester on hydrolysis is converted into dl-a- 
chloro-p -glyoxaline- 5 -propionic acid (IV), which 
reacts with ammonia to form df-histidino (I), 

NH-CHv V 

I >C CHjCl ->^^C CHj, CCl(CO,Et), 
CH^N/ / 

II. ^ 111. 

/ 

'^;C CH, CHCI CO,H -> I. 

IV. 

Pyman {ibid. 1916, 109, 186) also synthesised 
df-hiatidino from bonzoyl-dZ-histidine {see below) 
by boiling this for 4 hours with 20% aqueous 
hydrochloric acid. 

Histidine gives the biuret reaction (Herzog, 
Z. physiol. Phem. 1903, 37, 248). It also gives 
the Wcidcl pyrimidine reaction (Frankcl, l.c.). 
W'ith diazobonzene.sulj»honic chloride in the 
presence of sodium carbonate, histidine gives a 
dark cherry -icd coloration, becoming orange on 
the addition of an acid (Pauly, Z. physiol. Chem. 
1904,42,508; 1915,94,427). This is a very 
sensitive test for iminazole derivatives, and 
amongst the products of protein hydrolysis only 
liistidinc and tyrosine give this reaction . It may 
be used to det(;ct histidine m the presence of 
tyrosine after addition of benzoyl chloride 
(Inouye, ibid. 1913, 83, 79) or after a preliminary 
separation with mercuric chloride (Lang, l.c.). 
If the coloured solution obtained by Pauly’s 
reaction is reduced, e.g. with zinc dust and hydro- 
chloric acid, and then made strongly alkaline; 
with ammonia, the presence of histidine is indi- 
cated by the formation of a bright golden -yellow' 
colour (Totani, Biochem. J. 1915, 9, 385). 
Histidine develops a yellow colour with bromine 
water ; this disappears on warming but alter a 
time a pale red colour appears, which afterwards 
deepens to a wine-red. The reaction is sensi- 
tive to concentrations of 1:1,000 but is vitiated 
by too largo excess of bromine water (Knoop, 
Beitr. chem. Physiol. Path. 1908, 11, 356). For 
testing urine, the reaction is best condu(d;ed in 
faintly acid solution (Armstrong and Walker, 
Biochem, J. 1932, 26, 143) ; for further improve- 
ments, see Hunter, Amer. (3iem. Abstr. 1923, 17, 
674; cf. ibid. 1936, 30, 7604. Bromination of 
histidine in 33% acetic acid gives a black sub- 
stance w hich dissolves in concentrated ammonia 
with a purple-red, and in ammonium carbonate 
with a strong blue- violet coloration, the intensity 
of which is proportional to the concentration of 
histidine. This reaction is sensitive to 1:50,000 
and is specific, but histamine gives a weak 
golden-yellow and methylhistidino a very pale 
reddish-violet colour (Kapeller -Adler, Biochem. 
Z. 1933, 264, 131). 

Colorimetric methods of estimating histidine 
based on Pauly’s and Kapeller-Adlor’s reactions 
have been devised. Thus diazotised sulphanihc 
acid is used by Weiss and Sobolev (Biocliem. Z. 
1913, 68, 119) in the presence cf sodium car- 
bonate and comparison is made with an identi- 



234 


HISTIDINE. 


cally treated ntaiidard hintidine Molutioii. See 
also Ijoeper, Insure and Thomas, Bull. Soc. 
Chilli, biol. 1034, 16, 1385. Suzuki and 
Kaishio (Bull. Agnc. Cheni. Soc. Japan, 1927, 
3, 33) use Hodiurn hydroxide as the alkali and 
compare the golden -yellow colour with iV/100 
poliiasiiira dichroraatc. The microdetermmation 
hy l*auiy’H reaction using a photometer with a 
hiter (S53) is described by Lang (Z. physiol, 
('hern. 1933, 222, 3). The reaction is inhibited 
by glyciru’, asjiartic acid and uric acid, but this 
may bo overt'oine by adding larger quantities 
r)f the reagent. l)rea does not interfere (Mesh- 
kova, ihid. 1030, 240, 109). Diuzotised p- 
lutruniline has lieeii siiggested as a reagent for 
the didermination oi histidine in blood (llarac, 
(’omjd. rend. Soc. Biol. 1035, 118, lOH; 1035, 
119, 515). Kui>eller- Adler’s method cannot be 
a])|)Jicd to the dinct determination of histidine 
in urine, owing to the inliibition by ]iho8phatOH, 
etc,, and so a preliminary Hcparation, e.g. with 
llopkin’s reagent (Hiocliem. Z. 1033, 264, 131) 
or with magnesium chloride in alkaline solution 
(lojo, DiagnostU'n tec. lab. (Napoli) Riv". 
mens lie, 103(i, 7, 8) is necessary. For the use 
of the step-photometer in this method, see 
Kapeller-Adler, Bioehem. Z. 1934, 271, 206. 
Folin’s method for the determination of umino- 
aeids in blood gives low values owing to incom- 
plete preci])itatiou of the proteins by turigstie- 
sulphurie acids. Phosphotimgstic add or, better, 
trichloroacetic add gives much smaller errors (He 
and Potick, Rev. soc. argentina Biol. 1029, 6, 
725; Oonipt. rend. Soc. Biol. 1930, 103, 1283; 
sfc also Wochsler, Z. physiol. Cliem. 1911, 73, 
141). A modilication of the Van Slyke method 
in which the histidine is estimated colonmetri- 
cally is described by (!avett (J. Biol. Chem. 1932, 
46, 335) ; otlier modifications are due to Russo 
(Boll. Soc. Ital. Biol, sperim. 1927, 2, 174) 
and Davies (Bioehem. J. 1927, 21, 815, 1920). 
For a inodihcation of llaiike and Koessler’s 
method (Amer. (,^hcin. Abstr. 1920, 14, 3()87) of 
determining histidine, see Jorpes (Bioehem. J. 
1932, 26, 1507) ; and for its estimation in small 
quantities of protein by precipitation wdth 
mercuric sulphate after alkaline hydrolysis, see 
Rosedale and Da Silva {ibid. 1932, 26, 369); 
and by bromination after hydrolysis, see Thrun 
and Trowbridge (J. Biol. Chein. 1918, 34, 343). 
For a microcliemical method, .^ee Kober and 
Siigiura, J. Amer. Chem. Soc. 1913, 36, 1546; 
and Van Slyke, J. Biol. Chem. 1916, 23, 411, rj. 
ibid. 1911, 9, 185 ; 10,29 ; 1912, 12,279. Histidine 
can also be determined voluraetrically by titra- 
tion with titanium trichloride of the dye formed 
ill the Pauly reaction (Lautcnschlager, Z. 
physiol. Chem. 1918, 102, 226), 

(iMHistidine is obtained by raeemisatioii of the 
naturally occurring Z-form, for example by 
heating under pressure (Abderhaldon and Weil, 
ibid. 1912, 77, 435), or with 20% hydrochloric 
acid at 100® (Fr&nkel, Beitr. chem. Physiol. Path 
1906, 8 , 160) ; it crystallises in quadrilateral 
plates and decomposes at 283® (corr.) (Pyman, 
J.C.S. 1911, 99, 1397). dZ-Histidine can be 
resolved by the fractional crystallisation of its 
salts with d-tartaric acid into t^e d- and l- 
isomera, and the Z -histidine so obtained is 
identical with the naturally occurring com- 


pound. Partial resolution can be obtained by 
means of yeast, the d-isomer remaining un- 
attacked (Abderhalden and Weil, Z. physiol. 
Chem. 1912, 77, 435 ; Ehrlich, Bioehem. Z. 1914, 
63, 379). The spontaneous resolution of histi- 
dine hydrochloride has been described by 
Duschinsky (Chem. and Ind. 1934, 63, 10). Thus, 
a hot mixture of pure Z- and dZ-histidine hydro- 
chlorides with 1-5 parts of water, when cooled 
rapidly to 20® and quickly filtered, gives the Z- 
salt ; addition of alcohol and ether to the mother 
liquor and further cooling to 0° yields almost 
pure dZ-salt, wdiilo concentration of the filtrate 
and rapid cooling to 20® gives almost pure d-salt. 

dl- Histidine monohydrochloride ^ 

CflHg0.,NaHCI,2H20, 

has m.p. 117-119® (corr.); the sesquihydro- 
chloride, (C,H„0,N,),-3HCI,H,0, has m.p. 
168-170® (corr.) ; the dihydrochloridct m.p. 
235-236® (corr.) ; the picrate, CjjjHj^OyNg.HjO, 
dccompoHCB at 180-181® (corr.); the dipicratc^ 
decomposes at 190® (corr.) 
(Pyman, J.C.fS. 1911, 99, 330; r/. 1916, 109, 
196). 

d-Histidine crystallises in monoclinic plates 
forming elongated hexagons ; it decomposes at 
287-288® (eoiT.), and has jajp +39-3®. d- 
Histidi ne,-d-hydro(jen tartrate is sparingly soluble, 
decomposes at 234® (corr.) and has [aj^ +13'3° 
(Pyman, ibid. 1911, 99, 1937; 1916, 109, 197); 
d-hishdine hydrochloride crystallises with 1 HjO 
(Duschinsky, Z.c.). 

Z- Histidine is soluble in water, sparingly 
soluble in alcohol and insoluble in ether (Koasel, 
Z. physiol. Chem. 1896, 22, 184) ; it crystalbaes 
from w'ater in anhydrous needles or plates, 
m.p. 287® (corr.), 1 520, np indeterminable, 
riy 1610 (Frankel, Monatsh. 1903, 24, 229; 
Keenan, J. Biol. Chem. 1929, 83, 137); for 
photomicrographs of the crystals from water 
and 50% alcohol, see Vickery and Leaven- 
worth, ibid. 1928, 76, 701. In aqueous solution 
it has a sweet taste (Pyman, J.C.S. 1911, 99, 
1397), is feebly alkaline (Hedin, Z. physiol. 
Chem. 1896, 22, 191) and is optically active, 
[aJi,® '-39-74° (Kossel and Kutacher, ibid. 1899, 
28, 382 ; Duschinsky, Z.c. ; cf. Pyman, Z.c.). 
The isoelectric point occurs at 7-64 ; the dis- 
sociation constants at 25® (expressed as loga- 
rithms, ^j^) are 1-77 (CO 2 H), 6-0 (iminazole), 
9 0 (NHg) (Schmidt, Appleman and Kirk, 
J. Biol. Chem. 1929, 85, 177 ; Levy, ibid. 1936, 
109, 361 ; Birch and Harris, Bioehem. J. 1930, 
24, 564 ; and Amer. Chem. Abstr. 1932, 26, 486). 
For the ultra-violet absorption spectrum of Z- 
histidine and comparison with that of histamine, 
see Ellinger, Bioehem. Z. 1929, 215, 279 ; 
Becker, Arch. ges. Physiol. (Pfliiger’s), 1931, 228, 
761 ; Hicks and Holden, Austral. J. Exp. Biol. 
1932, 10, 49, and in the long-range ultra-violet, 
Ellinger, Bioehem. Z. 1932, 248, 437 ; for the 
infra-red absorption between A=0'8p, and A=8/i, 
see Heintz, Compt. rend. 1935, 201, 1478. 
Irradiation of histidine with ultra-violet light 
causes decomposition in a number of ways. 
Thus, under conditions favouring oxidation. 
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olimination of ammouia appears to be the main 
reaction and may account for 90% of the histi- 
dine decomposed (Lichen and Urban. Biochem. 
Z. 1931, 239, 260) ; the residue of the molecule 
becomes iminazolylacetaldehyde (Szcndrb, Arch, 
ges. Physiol. (Pfliiger’s), 1931,228, 743). In the 
absence of oxygen, decarboxylation to histamine 
takes place and has been demonstrated by isola- 
tion and characterisation of the base (7 mg. from 
1 g.) (Holtz, Klin. Woch. 1933, 12, 1013; 
Arch. exp. Path. Pharm. 1934, 175, 97) and by 
pharmacological tests (Bourdillon, Gaddum and 
Jenkins, Proc. Roy. Soc. 1930, B, 108, 388). For 
this reaction light of wave-length shorter than 
2,6r)0A. is much more active than the longer 
wave-lengths, also the effect is slight in acid 
solution but very intense in alkaline (Lieben, 
Biochem. Z. 1927, 184, 463; Bourdillon et al., 
I.C.). Histidine (and other amino-acids) is 
adsorbed from aqueous solution on activated 
carbon, a very marked maximum being shown 
at the isoelectric point (Phelps and Peters, Proc. 
Roy. »Soc. 1929, A, 124, 554 ; Ito, J. Agric. Chem. 
Soc. Japan, 1936, 12, 204). 

When hi.stidme is administcix'd as a food, or by 
intravenous injection, very little (O-l g. out of 
10 g.) is recoverable as such from the ui iiie ; the 
creatinine (Abderhalden and Biiadze, Z. yihysiol. 
Chciu. 1931, 200, 87), urea and ammonia in the 
urine arc largely increased hut the increase of 
allantoin is very slight (Abderhalden, Einbock 
and Schmid, ibid. 1909, 62, 322 ; 1910, 68, 395 ; 
Abderhalden, ibid. 1911, 74, 481 ; Abderhalden 
and Weil, ibid. 1912, 77, 435; Kowalewsky, 
Biochem. Z. 1909, 23, 1). Both d- and /-forms 
are utilised in the animal organism, but f he d-form 
is rather less efficient in promoting the growth 
of rats on a histidine-deficient diet (Cox and 
Berg, J. Biol. (^hem. 1934, 107, 497). The d- 
form can be obtained from the urine of rabbits 
fed on dZ-histidine. Histidine markedly in- 
creases the glycogen mobilisation effect of 
adrenaline (Taniiichi, Folia pharmacol. japon. 
1930, 10, No. 164), and also reduces the co- 
agulation time of blood (Burger, Klin. Woch. 
1936, 15, 550). It appears to bo the precursor 
of the erythema-causing irritant which is 
formed in the human skin during exposure to 
ultra-violet light (Frankenburger and Ziraraer- 
niann, Naturwiss. 1933, 21, 116). It has been 
found of use in the treatment of gastric and 
duodenal uleers (Weiss and Aron, Compt. rend. 
Soc. Biol. 1933, 112. 1530; Eads, Amer. J. 
Digest. Dis. Nutr 1935, 2, 426) ; and in con- 
junction with tryptophan, in the treatment of 
hay-fever (Lenormand, Pressc med. 1933, 41, 
1141). For the catabolism of histidine in the 
animal organism, acc Dakin and Wakeman, 
J. Biol. Chem. 1912, 10, 499, and as the fore- 
runner of purme bodies in animal metabolism, 
acc Ackroyd and Hopkins (Biochem. J. 1916, 
10, 551). 

Z-llistidiue administered subcutaneously to 
rabbits is excreted as urocanic acid (iminazol^d 
acrylic acid). The fungus, Oidium lactiSf converts 
it into the saturated iminazolylpropionic acid 
(Kiyokawa, Z. physiol. Chem. 1933, 214, 38). 
When histidine undergoes anaerobic bacterial 
cleavage by the -action of putrefying pancreas, 
it is converted almost quantitatively by the loss 


of carbon dioxide into 5-p-aminoeihylglyoxaline 
(/}-iminazolylothylamine, histamine), 

NHCHv 

^CCHa-CHg-NHj 

h=n/ 

iminazolyl-6-propionic acid (t;. p. 2336), being the 
other product {see Ackermann, Z. physiol. Chem. 
1910, 65, 504). The 5-j8-aminoethylglyoxaline 
thus obtained is identical with the base prepared 
synthetically by Windaus and Vogt (Bor. 1907, 
40, 3691) from ethyl iminazolylpropionate or by 
Pyman (J.C.S. 1911, 99, 668) from diamiiio- 
acetonc, and is also identical with the ergot 
base histavune isolated by Barger and Dale 
Phil. Trans. 1910, 2592) which is also 

present in Popiclski’s vasodiUUin (Barger and 
Dale, J. Physiol. 1911, 41, 499); see Mellanby 
and Twort (J. PJiysiol. 1912, 45, 63) who isolated 
a bacillus of the colon group which spbts off 
carbon dioxide from histidine and converts it 
to histamine. Bacillus coli communis trans- 
forms histidine into histamine to the extent of 
50% in the presence of glycerol or dextrose and 
potassium nitrate or ammonium chloride 
(Kocsaler and Hanke, J. Biol. Chem. 1919, 89, 
539 ; 1 920. 43, 529, 643). Raistnek (Biochem. J. 
1917, 11, 71 ; 1919, 13, 446), found that bacteria 
of the CoZi -typhus group convert histidine into 
urocanic acid in certain media. /-Histidine is 
converted to the extent of 11% into d-jS-iminazo- 
lyllactic acid by the prolonged action of Proteus 
vulgaris in a protem-freo nutrient medium 
(Hirai, Acta St;hoI. Med. Kioto, 1919, 3, 49). 

A possible explanation of the formation of 
histidine in the plant economy i.s afforded by 
the work of ICiiooj) and Windaus (Beitr. chem. 
Physiol. Path. 1905, 6, 292 ; Ber. 1906, 89, 3886 ; 
1907, 40, 799) on the synthetic formation of 
iminazole derivatives from sugars and ammonia. 
These authors find that when a solution of 
glucose containing zinc hydroxide dissolved in 
ammonia is exposed to sunlight at the ordi- 
nary temperature for some weeks, it is converted 
to the extent of 10% into b-methyliminazole. It 
is probable that methylglyoxal and formalde- 
hyde are produced as intermediate products and 
then react with the ammonia according to the 
equation 

MeCO H3N H. 

I H- 1 >CH^ 

CHO H3N 

MeC— N 

I + 

CHNH 

d-Mannose, d -fructose, d-sorbosc, /-arabinose 
or /-xylose also yield methyliminazole when 
similarly treated. The authors suggest that 
histidine may be formed naturally by the con- 
densation of methyliminazole with glycine, and 
simultaneous oxidation : 

N H'CH 

1 ^CCH,+ CH,(NH,)CO,H+0- 

ch=n/ 

N H'CH 

I CH, CH(NH,)CO,H+H,0 

ch=n/ 
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Enzymea from the livor of varionH aniinala 
cauae docorapoaition of hiaiidino with elimina- 
tion of ammonia (Kaunmanii and Alialowifczer, 
liioehom. /. 1930, 226, 325; 1931, 234, JOl); 
tho aamc tyjie of doi'omposition is induced by 
boiling with hone black (Liebcn and Donok, 
ibtd. 1935, 280, 88). Electrolytic oxidation of 
histidine leads to the formation of carbon 
dioxid«% ammonia and inalonic acid, probably 
throu^di the inti rmcdiati' formation of aspartic 
acid ('rakayama and Ocda, .1. (3iem. Soc. Japan, 
1934, 55, 049; Hull. (3iem. Soc. Japan, 1934, 
9, 535). OxHlatiori with sodium hypochlorite 
or hydrogen peroxide or jicrrnan^^aiiate.s causes 
lib(‘ration ol carbon dioxide and ammoma 
(Herzog, Z. physiol, ('hern. 1903, 37, 248; 
Karya^nna, Aicii. Sci. biol. LLS.S.K. 1935, 87, 
372 (in (hrman, 370); TJehen and Jlaiiminger, 
Hiochem Z. 1933, 261, 387). Oxidation wdth 
dichromati' and suljihnnc acid yields acetic and 
hydrocyanic acids (Krankcl, Bcitr, chem. 
Pliysioi. Path. 1900, 8 , 159). Sodium hypo- 
chlorite (1 mol.) converts histidine monohydro- 
chlondc into iminazolyl-5-nc('taldehyde (Laiig- 
hcld, Per. 1909, 42, 2373; Chvm. Zentr. 1910, 
11, 1104). J''or the rate of reaction with lorin- 
ald(‘hyde in 01 iV-sodium hydi’o.xide at 37"", 
HoId(‘n and IVi'cman, Austral. J. Exp. Biol. 
1931, 8 , 189. WluMi wannt'd with acetic an- 
hydride in pyridine, carbon dioxide (1 mol ) is 
liberated and the product, when (‘vajiorated with 
10% hydrochloric acid, gives colourless prisms, 
in p. 205-200", of 4-iininazolyl-3-amino-butan- 
2-one dihydrochloridc, 

NH-CH. 

I C CH.yCH(NH,) CO CHj-2HCI 

CH — N- 

(Dakin and West, J. Uiol. (!licm. 1928, 78, 745). 

Mlistidino forms stable salts with acids and 
their solutions arc dextrorotatory. 

Monohi/dr(K‘hlori<Jf\ C e 3 ‘ H C 1 , H ^O, 

forms large colourless rhombic crystals, a:b:c 
--0-7905:1;1-7110, has [a% 4 1-74'', m.p. 80", 
and loses water at 140" (Kossel, Z physiol. Chem. 
1896, 22, 170; Hedin, ibid. p. 191 ; Bauer, ibid. 
pp. 182, 285 ; Kossel niulKiitscher, ibid. 1899, 28, 
382; Frlinkel, Monatsh. 1903, 24, 229). It is 
fairly soluble in w ater, insoluble in alcohol and 
ether (Herzog, Z. physiol. Chem. 1890, 22, 193). 
The dihydrochloride, CaHy 02 N 3 - 2 HCl, forms 
rhombic tables, 0-70537:1 :1-77510, iso- 

morphous with the inonohydrocliloride (Kossel 
and Kiitscher, /.c. ; Hchw-antkc, ibid, 1899, 28, 
386; 1890, 29. 492); it has m.p. 19(5" (245", 
Kossel and Kiitscher, l.c.) and fajJJ* -{-7-6° 
(Abderhaldon and Einbeck, ibid, 1909, 62, 330). 

Histidine Cadmium Chloride, 

CaHjOaNa-HCl-CdCljj 

melts and decomposes at 270-275", is very 
soluble in water but almost insoluble in hot or 
cold methyl or ethyl alcohol (Schcnck, ibid. 
1904, 48, 73 ; cf. Kutscher, Chem. Zentr. 1908, 
I, 404). Histidine gives a complex copper salt, 
Cu (C 0 HoOaN 3)2 (Kober and Sugjura, J. Biol. 
Chem. 1913, 18, 6), and a compound with iron, 
Fe(CeH302N,)2 (G.P. 266522). 


Histidine Phosphotungslate, 

(CeH.02N3)a 2H3PO4 24 W 03 , 

irystallises without water of crystallisation 
(Wechsler, Z. physiol, (.'hem. 1911, 78, 140). 
The nitrate, CgHgOjNa ^H NO3, crystallises in 
prisms from water, m.p. 149-152° (Fraiikel, 
Monatsh. 1903, 24, 243). The reirteckate, 

is ))recipitatod from a solution made acid to 
(bngoRed. Its solubility, 0-2948~0-3()44 g. in 
100 c.c. IS greater than that of the camosine 
compound and it can be used for their separa- 
tion (Sinorodinccv, Biocheni. Z. 19.30, 222, 425). 
The monojncrolonate, CgHgOgNgCujHgOgN^, 
crystaJIisi's in yellow needles (Kossel and Pringle, 
Z.‘ physiol. Chem. 1905, 49. 319 ; Weiss, ibid. 52, 
113; Brigl, ibid. 1910, 64, 337, 339; Stcudel, 
ibid. 1905, 44, 157); 1 part is soluble in 150 
parts of water ; tho dipicrolonate is orange. 
Tho di-m-bromopicrohnate decomposes at 210- 
218° (Ziinmermann and (yiithbertson, ibid. 1932, 
205, ,38). The dipirratc, Ci«H, 50 iflNg, 2 H 20 , 
has m.j). 80° (corr.) (Pyman, ,1.C.S. J9J1, 99, 
343); the pentahydrate, 

has m.p. 80° (Hugounenq and Florence, Bull. 
Soe. Chilli, biol. 1919, 1, 102). The rfj-2:4- 
dinitro-X'naphihol-l-sulphonate separates in yel- 
low needles containing and decomposing 

at 251-254°, depending on the rate of heating. 
The free base or its salts can be recovered by 
deeomposiiig the compound with dilute acid 
and extracting the reagent wdth butyl alcohol 
(Vickery, J. Biol Chem. 1927, 71, 303). The 
2’A\-diiodo-\-phenol-i^-svlphona1c (sozoiodolate) 
decomposes at 207-208° and 1-938 g. dissolve in 
100 g. of water at 10° (Ackeniuinn, Z. physiol. 
(!hcin. 1934, 225, 40). The rufianate (quiiiizarin- 
2-Hulphonatc) is sjiariiigly soluble in water but 
the base can easily be liberated with baryta 
(Ziinmermann, ibid. 1930, 188, 180). 

]- 1 listid i ne-i\-h}/droyf'7i Tartrate, 

^0^9^ 2^. 3' ^4 ^0^6* 

is easily soluble in water, crystallises in large 
well-defined prisms, and decomposes at 172- 
173° (corr.) and has [ajj, -1-10-3”. l-//i5(irfi?ic-l- 
hydrogen tartrate is sparingly soluble in cold 
water, crystallises in clusters of prisms and de- 
composes at 234° (corr.), and has [a]j, -12-1° 
(Pyman, J.C.S. 1911, 99. 1397, 1400). 

The histidine silver compound is formed as an 
aniorphouH precipit.ate which, at 100°, has the 
composition ; it is soluble 

in ammonia (Hedin, Z. physiol. Chem. 1896, 22, 
194). 

Dkrivatives. 

Histidine Methyl Kster Hydrochloride, 

CBHgN3-COaMe,2HCI, 

forms flat rhombic prisms, m.p. 196° (decomp.) ; 
the free ester is an oil (Pauly, ibid. 1904, 42, 508 ; 
Fischer and Cone, Annalen, 1908, 363, 108). 
Histidine anhydride, Ci 2 Hi 40 aNg, forms glitter- 
ing prisms, m.p. 340° (Fischer and Suzuki, 
Sitzungsber. K. Akad. Wiss. Berlin, 1904, 1333; 
f/. Abderhalden and Geidel, Fermentforsch. 
1931, 12, 518); tho Z-anhydrido has m.p. 
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328° in a closed evacuated tube, crystallises 
with 2^H20, and has [ajJJ* — 66‘24° in normal 
hydrochloric acid solution ; the dZ>anhydride 
also has m.p. 328°, and is obtained by heating 
the ethyl ester of histidine at 160° (Pauly, Z. 
physiol. Chem. 1910, 64, 76) ; the picrate decom- 
poses at 265° (corr.) ; the hydrochloride at 320°. 
Chlorohiatidinecarboxylic acid {a-chloro~P-imin- 
azdylpr op ionic acid) forms thick prisms, m.p. 
191° (decomp.), the corresponding rac^emic com- 
pound decomposes at 201° (corr.) (Pymaii, J.C.S. 
1911, 99, 1394), the oxalale of the ethyl eater has 
m.p. 161° (Windaus and Vogt, Beitr. chem. 
Physiol. Path. 1908. 11, 406). N-Carbobenzyl- 
oxy-hhiatidine, 

C3H3Na CH2 CH(COjH)NH COOCHg C^Hs 

has m.p. 209° (Berg in anti and Zervas, Bcr. 
1932, 65 [B], 1192). bi'.N'-histidine-disulphQnic 
acid is obtained in the form of potassium salts 
by the action of N-pyndiniumsulphonic acid and 
potassium carbonate on histidine at +10° 
(Baiiingarteri, Marggraff and Daminann, Z. 
jdiysiol. C+cm. 1932, 209, 145). 

d\~3-A1et/iylhiatidijie is formed during the 
hydrolysis of anserine {q.v.) with baryta; it 
decomposes at 248-252° with foaming and the 
nitrate decomposes at 144-140° (Linneweh, Keil 
and Hoppc-Scyler, ibid. 1929, 183, 11). Z-3- 
Methylhistidine is obtained if the hydrolysis of 
anserine is carried out with 20% snlxihuric acid ; 
it ciystallises with IHgO, m.p, 248-249°, 

- 26-98'’,- nitrate, m.p. 210° ; picrolonate, m.p. 
240°, sintering at 240° (Linneweh and Linneweh, 
ibid. 1930, 189, 80). 

Direct methylation of histidine affects the 
glyoxaline ring. I !nder certain conditions there 
ma}'^ be olitained pentamethylhiatidine which 
forms a stable chloride and a sparingly soluble 
aurichloride, CjiHgiOgNjAUgClj,, m.p. 220°, 
but which does not respond to the diazo-reaction 
(Engeland and Kutscher, Chem. Zentr 1913, T, 
28). 

Trimeihylhistidine {herzynine), the betaim 
corresponding to histidine, 
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and Cone, Annalen, 1908, 868, 116) ; it crystal- 
lises in needles from methyl alcohol, m.p. 203° 
(decomp.), is very easily soluble in water, and 
gives a deep red colour with diazotised sul- 
phanilic acid. Benzoyl-i-hiaiidinej obtained by 
the Schotten-Baumann method, forms colour- 
less crystals +IH 2 O, m.p. 249° (decomp.) 
(Pauly, Z.C.; Fr&nkel, l,c.; Gemgross, Z. physiol. 
Chem. 1920, 108, 64) ; it is insoluble in water and 
organic solvents but easily soluble in alkalis. 
In a solution faintly alkaline with sodium 
hydroxide, it smoothly takes up 2 atoms of 
iodine on the carbon atoms of the iminazole ring 
(Strauss and Maschmann, Ber. 193.5, 68 fB|, 
1108; Pauly, Bcr. 1910, 43, 2243). Jienzoyl-d\- 
histidine (from a-benzoylamiiio-)9-iminazolyl- 
acrylie acid on rcdui tion with sodium amalgam 
in aqueous suspension), has m.^i. 248° (corr. 
decomp.) ; it crystallises in hard, glistening 
prisms with IHgO, which is lost at 115°. The 
hydrochloride crystaUises from water in hard, 
glistening prisms, m p. 232° (corr., foaming). 
The picrate crystallises in IuhicIk'S of yellow 
feathery' noodles, m p 226° (corr.) (Pyman, 
J.C.S. 1916, 109, 195). Benzoylation of liistidine 
methyl ester yields a tribenzoyl derivative, 

CH(NHBz).C(NHB2)CH2CH(NHBz)COj5Me 

m.p. 219 ° (not sharp), wdiich does not give the 
red colour with diazotised suljihanilic acid ; on 
heating, the iminazole ring closes again and the 
product gives the eharactenstie colour reaction 
(Koasel and Edlbachcr, Z. iihysiol. Chem. 1915, 
93, 396 ; cf. Inoiiyc, /.c., wdio points out that 
m order to obtain the colour r(*action excess of 
benzoyl chloride must not be present). The 
azlactone of benzoylhiatidine. is obtained from 
benzoylhistidine and hydrazine hydrate and has 
m.p. 215° (Kustcr and Irion, ibid. 1929, 184, 
225). p-Nitrobenzoylhiatidine has m.p. 261- 
252° (Pauly). a-Phthdlylhistidine is formed by 
fusing histidine with phthalic anhydride at 180- 
200"; it has m.p. 188°, picrate, m.ji. 251°; the 
methyl ester has m.p. 187° and its hydrochloride 
m.p. 238-240° ; the ethyl ester has m.p. 195°. 
d-a-Bromomohexoyld-hiaUdine methyl caZer, 


NHCK /N(CH 3)3 

\ ' 

^)CCH,CH 

/ \ 

ch=n/ +0 


occurs in fungi, e.g. in Boletua edulia (Winter- 
steiner and Renter, Z. physiol. Chem. 1913, 86, 
234), it is not known in the free state, but has 
been isolated as the aurichloride, 


C^Hj CHBrCO NH CH(C4H5N2)C02Me. 

d-a-hromoimhexoyl-\-hiatidine, 
has m.p. 118° (corr.) ; Xdeiicyl-i-hiaiidine^ 
C 4 H, CH(NHg) C0 NH CH(C4HBNa)C02H, 
crystallises in plates or prisms containing water 
which is lost at 100°/16-20 mm., and has m.p. 
178° (corr. decomp.) ; the copper salt forms deep 
violet crystals; glycyl-Vhiaiidine melts at 130- 
155° ; dl-alanyl-l-hiatidine crystalhes with 1 HoO 
(Abderhalden and Geidel, l.c .) ; Vhiatidyl-X- 


C^Hi^OaNjAu^ClH, 

m.p. 183° (dccorap.) (Engeland and Kutscher, 
Z.C.; Zentr. Physiol. 1912,26,569). Barger and 
Ewins (Biochem. J. 1913, 7, 204) proved the 
identity of specimens obtained from various 
sources. The picrate has m.p. 201-202°, the 
dipicrate, m.p. 213-214° and the picrolonaie, 
m.p. 229-230°. See also Barger and Ewins, 
J.C.S. 1911, 99, 2340; Kling, Z. physiol. Chem. 
1914, 9t 249. 

Formyl-l-hiatidine is formed when histidine 
is heated with anhydrous formic acid (Fischer 


histidine forms a lemon-yellow picrate, 

Ci2Hi603N4-2CeH30,N3, 

which crystallises from water in prisms ; on 
heating in vacno at 80° it becomes orange-yellow 
and has m.p. 166-175° (Fischer and Suzuki, l.c.). 

M. A. W. 

H ISTOZYM E (v. Vol. IV, 316a). 

HITTORF TRANSPORT (OR TRANS- 
FERENCE) NUMBER. When an electric 
current is passed through a solution of an 
electrolyte, (iqui valent quantities of each ion are 
discharged at the electrodes, as required by 
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Faraday’s law. The current, liowevcr, w not 
usually carried penally by the two ions, since 
the iona move nt diflereiit apeeds. This givea 
rise to an unefj[ual change in quantity of elec- 
trolyte round each electrode, TIkj Iobr of 
electrolyte round each electrode ia proportional 
to the speed of the ion moving away from the 
electrode. The transport (or transference) 
number of an ion gives the fraction of the total 
current carried by that ion. 

If M and V arc the mobilities of the cation and 
anion respectively {i.e. their velocities in cm. 
per acc. for a potential gradient of 1 volt per 
(“fn.) the transpcjrt numbers of the cation, ric, 

and of the anion, and 

Alternative symbols arc I ^ and I . 

Since -1, it is necessary to Iciiow only 

one of these in order to calculatci the other, and 
very often the anion transport number is called 
simply the “ transport number,” and denoted 
by 71. 

Dnlike the mobilities of the separate ions, the 
transport number varies from salt to salt, e.g. 
the transport number of the Cl' ion is difleront 
for KCI and NaCI. It is clear that by measuring 
the quantity of electrolyte present round an 
electrode liefore and after clectrolysiH, the trans- 
port number, can be calculated. 

There arc various types of apparatus in use 
(see H. IS. Taylor, ” Physical (Ihomiatry,” 
Macmillan, 1930, Vol. 1, p. OHO; A. Fmdlay, 
“ I’ractical Physical (’hemistry,” 7th cd., 
Ixmgmans Green, 1935, p. 180). Fig. 1 is a 
diagram of the apparatus used by Nornst and 
Loeb (Z. pkysikal. Chem. 1888, 2, 948). All 
types of ajiparatua utilise the same principles, 
which are as follows : 

A quantity of electricity, measured by a 
coulometer in series with the a])paratus, is 
passed through a solution of an electrolyte of 
known concentration. The solutions (anolyte 
and catholyto) round the electrodes are 
separated to prevent mixing, convection and 
heating of the solution being inininiised by 
using a weak current (0-01-0-02 amp.) for two 
hours or more. At the end of this time, the 
liquid in the anode or cathode compartment is 
withdrawn and anal3’^Bed. The liquid between 
the anode and cathode is also withdrawn and 
analysed, and should not have changed in com- 
position. Any change indicates that mixing has 
occurred. 

It is advisable, where possible, to prevent the 
evolution of gas bubbles. A soluble anode, e.g. 
Cu in CuSO^, Ag in AgNOgJs thus often used, 
but in the calculation of transport numbers 
account must be taken of the metal dissolved 
from the anode. 

In the case of the alkali halogenideB>, gases 
are evolved at both electrodes. The ev^olution of 
hydrogen can be avoided by using a mercury 
cathode covered wdth a solution of zinc chloride 
or copper nitrate. If a cadmium anode is used 
for the electrolysis of sodium chloride solution, 
cadmium chloride is formed at the anode, and 
the Cd ' ‘ ions migrate to the cathodd. However, 
they move much more slowdy than the Na* 
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ions, and do not catch up with the latter. At 
the cathode, all the Cl' ions have migrated 
away, and are replaced by OH' ions from the 
water, and as these are fast ions, there is mixing. 
Hydrogen is evolved, but as it rises from the 
cathode in the upper part of the apparatus, 
mixing does not occur in the bulk of the solution. 

In his original work Hittorf (Ann. Physik, 
1858, 103, 1) employed membranes to separate 
the anolyte and catholyte. It was found by 
Bein that such mombraues may influence the 
speed of tbo ions, and they are no longer used. 

Hittorf {I.C.), Lenz (Ann. Physik Beihl. 1883, 
7, 399) and Jahn (Z. physiUal. Chem. 1901, 37, 
673) used a ground glass stopper to separate the 
anolyte and catholyte after the experiment. 
Weiske (Ann. Physik, 1868, 103, 466) and Rieger 



Fig. 1. 


used a wide-bore stopcock for this purpose. 
Noyes (Z. physikal. Chem. 1901, 86, 63) devised 
an apparatus so that the liquids round the 
electrodes could be kept neutral during elec- 
trolysis by constantly adding acid or alkali. 
In Findlay's apjiaratus (A. Findlay, op. cit., 
Fig. 81) the electrodes are in two bulbs joined 
by a U-tube, thus decreasing the resistance and 
minimising heating and convection currents. 
The calculation for an experiment using the 
Nemst and Loeb apparatus shown in Fig. 1, 
which is typical of all types of measurements, is 
as follows ; 

The anode A is a thick silver wire sealed Into a glass 
tube which Is placed in the longer arm of the vessel. 
During the experiment the amount of solute around 
tile anode Increases , and the heavier layer of solution 
forms there. B Is a cathode of silver foil or wire. The 
apparatus is placed in a thermostat and the experi- 
ments carried out as described above (Nemst and 
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^Loeb, l.e.). At the eud of the exi>erlment the liquid | 
between a-b Ih forced out of the aide arm C and analyaed. < 
The liquid In the middle compartment b-c is also with* ' 
drawn and analysed. The total decomposition is I 
obtained from the weight of silver deposited the silver 
coulometer in series with the apparatus. 

In an experiment 1 g. of the silver nitrate solution 
contained 0 001136 g. Ag and 0-9982 g. HjO. In 
electrolysis with a silver coulometer in series, 0 0322 g. 
Ag w^Bs deposited in the coulometer and an equal 
weight therefore dissolved from the anode in the trans- 
port apparatus. After the experiment the anode liquid 
contained 0 03955 g. Ag associated with 20-03 g. H,0 
In the original solution this weight of water was 
associated with 0 02280 g. Ag. hence 0 03055—0-02280 
==0 0J675 g. Ag have been added to the anode liquid. 
The loss by migration Is thus 0 0322—0 01676 — 0 01545 

0'01545 

g Ag, and the transport number of Ag is ^ - 0 479. 

That of NO, is 0 470^0 521. 

The Hittorf method is satisfactory if the 
experiment is carefully carried out, but in the 
case of very dilute solutions a solvent correction 
is necessary for conducting impurities in the 


solvent, which carry part of the total current. 
If Kq and K are the conductivities of the solvent 
and solution, respectively, 



When determining transport numbers, the 
possibility of complex ion formation must be 
borne in mind. Cadmium iodide shows a 
transport number greater than unity in con- 
centrated solutions, because the complex ion 
Cdl/' is formed, and cadmium is carried to, 
instead of from, the anode. 

The modern theory of electrolytes indicates 
that the transport niiinher is not a true con- 
stant, but depends on concentration. The 
values given below are thus extrapolated to 
infinite dilution (c/. Dole, J. Physical Chem. 
1931, 35, 3t)47 ; (llasstone, “Electrochemistry 
of Solutions,” Methuen, 1937, p. lOfi). 


Cation Tkansport Numbers at 18° c. 




(Concentration in Hram.-rquivaU iitB per litre. 


l^lectrftlyte. 

0-005 

0 01 

0-02 

0 05 

0 1 

02 

0 5 

Lithium chloride . 



0-332 

0-328 

0-320 

0-313 

0-304 



Sodium chloride 

0*397 

0*397 

0-39C 

0-393 

0-390 

0-385 

0-374 

Potassium chloride 

0-490 

0-496 

0-496 

0-496 

0-495 

0-494 

0-492 

Cadmium iodide 

0 445 

0-444 

0-442 

0-396 

0 296 

0 127 

0003 

Hydrochloric acid . 

0*832 

0 K33 

0-833 

0-834 

0-835 

0 837 

0 838 

(Copper sulphate 

— 

— 

0-375 

0-375 

0 373 

0-.361 

0-327 

Potassium hydroxide 

— 

— 

— 

— 

0-265 

0-264 , 

0-262 

Barium chloride 

— 

— 


0-425 

0-421 

0-409 

0-392 


J. R. P. 


H.M.T.D. (w. Vol IV, rA'Sb). 

HOCHOFEN CEMENT {v. Vol. 11, 145^). 

HOFMANN DEGRADATION (w. Vol. II, 
375a). 

HOFMEISTER or LYOTROPIC 
SERIES (7). Vol. HI. 28G(/). 

HOFSASS BURNER {v. Vol. V, 247o). 

HOLARRHENINE, HOLARRHI- 

MINE, HOLARRHINE {v. Vol. Ill, 322c, 
323a, d). 

HOLLANDITE. A manganese ore of essen- 
tially the same composition as psilomelanc, but 
occurring in a crystallised condition, usually os 
fibrous masses and sometimes as tetragonal 
crystals. It is a manganato with the general 
formula mR 2 "Mn 06 +nR 4 '"(Mn 05 ) 3 , where 
R" is Mn, Ba, K», (Fe, Ca, Mg, Na^, 
Co, Ni, Cu), and n” is Mn, Fe, (Al). The 
extreme values shown in four analyses are: 
MnO. 65 (i3-7605, MnO 612-14-20, FejOj 
443-10-66, BaO 2'96-17-59, K^O 0-3-31, HjO 
0-1*10%. The colour is greyish- black, and the 
lustre Bubmetallic ; sp.gr. 4'70-4*96 ; hardness 
4-6. The mineral occurs abundantly in the 
manganese ore deposits at several places in 
Central India, and is largely exported from the 
mines at Sitapdr and Bal&gh4t. Closely allied 
minerals, perhaps identical with hollandite, are 
the crystalline manganates romanechite (con- 
taining less ir(Hi and more water) from 
Roman^che,Frailte, and coronadite (with high lead 


and low barium contents) from Arizona. {L.h. 
Ferraor, The Manganese Ore Deposits of India, 
Mem. Geol. Survey India, 1909, 37 ; Rec. Geol. 
Survey Inilia, 1917, 48, 103.) 

L. J. S. 

HOLMES STILL (y, Vol. I, 34fic). 

HOLMIUM. Ho. At. no. 67. At. wt. 
163.5. This element, which belongs to the 
yttrium group of the rare earth metals, was dis- 
covered spectroscopically by Cleve in 1879 in 
the terbia of C. G. Mosandcr or orbia of N. J. 
Berlin. Many years elapsed, however, before 
Holmberg (Z. anorg. Chem. 1911, 71, 226) was 
able to obtain sufficiently pure specimens of 
holmium salts to establish definitely the in- 
dividuality of the element. From 29 kilos of 
euxcnite he first separated the yttrium earths 
and then fractionally crystallised the w-nitro- 
benzencsulphonates ; the head fractions con- 
taining Y, Ho, Dy, Tb, Gd, Eu and Sm were 
converted into the nitrates, bismuth nitrate 
added, and crystallisation continued to remove 
gadolinium. The oxalates were now frac- 
tionated, the most soluble fractions being further 
treated as nitrates. Final purification was by 
partial precipitation with aniline. 

Driggs and Hopkins (J. Amer. Chem. See. 1925, 
47 , 363) found that the most persistent impurity 
in holmium was erbium which could be removed 
by crystoUisatipn of the bromates. In this way 
it was possible to obtain fractions contaminated 
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nnly with yttrium, an impurity which could be 
eliminated fairly readily by partial decom- 
poaition of the nitrates ; the course of the 
separation was followed by determining the 
magnetic susceptibility. Atomic weight deter- 
minations from the purest fractions of holmium 
chloride gave Ho = 103-47. 

FhymrM Properties. — According to Aston 
(Proc. Roy. Soc. 1934, A, 146, 46) holmium is a 
single element ijossessing only one isotope, 
the masH-spectrum atomic weight being 
164-91, a figure considerably higher than the 
best atomic weight determined chemically. 
Jlartlett, Jr. (Physical Rev. 1934. [ii], 45, 847) 
has shown on tlu'orctical grounds tliat the isotope 
should be stable and, possibly, it stdl 
awaits detection. 

The at omic magnetic moment of the holmium 
ion 18 probably 1 3-689 J_ 0-06. The reduction 
potential and the ))otential of metal formation 
are, respectively, — 1-790 and — 1-885. 

Spectra. — The most prominent lines in the 
arc and spark sjieetra are ; 3399-0, 3425-4, 

3428-1, 3453-1, 3456-0, 3462 0, 3474-3, 3484-8, 
3494-8, 3515-6, 3598-8, 3662-3, 3748-2, 3757-3, 
3889-0, 3891-0, 4045-4, 4103-8, 4254-4 (King, 
Physical Rev. 1929, [iij, 33, 640; Astrophys. J. 
1930, 72, 221). 

Absorption spectra have been studied by 
Holmberg [l.c ), Yntema (J. Amor. Chem. Soc. 
1923, 45, 907), Prandtl and Scheiner (Z. anorg. 
Chem. 1934, 220, 107) and Gobrecht (Physikal. 
Z. 1936, 37, 549). 

Compounds. — Nnmerons salts of holmium 
have been made but, like those of many other 
rare earths, desrriptioiiH of them are meagre. 

Holmium Sesquioxide (llolmia), HOjOg. — 
Obtained as ii yellow solid by igniting the 
hydroxide, nitrate, oxalate or sulphate ; it dis- 
solves in acids to form yellow-coloured holmium 
salts. For its magnetic properties, see Cabrera 
(Compt. rend. 1937, 205, 400), Trombe (Ann. 
I’hysiqiie, 1937, (xij, 7, 385) and Velayos (Anal. 
FIs. Qulm. 1935, 33, 297). 

Holmium Chloride, HoCI,. — Light-yellow 
crystalline solid, in.p, 718”C., formed by heating 
the hydrated salt in a current of hydrogen 
chloride at 350”. 

A similar method is emiiloyed for the prepara- 
tion of the bromide, except that ammonium 
bromide is mixed with the hydrated salt and is 
then removed cither by heating to 600”, or at 350° 
in vacuo. It melts at 914°. 

The iodide is also a light-yellow solid, m.p. 
1,010X10°! “-nd is obtained by passing hydrogen 
iodide over the anhydrous chloride at 600° 
(Jantseh et a/., Z. anorg. Chem. 1932, 207, 353). 

Holmium Sulphate Octahydrate, 

H02(SO4)3,BHaO, 

has been made and its magnetic properties have 
been closely studied. 

G. R. D. 

HOLOCAINE," syn. Phenocam/' di-(p- 
ethoxyphenyl)acetamidiiie hydrochloride, 

/NH CeH^ OEt 
CH.-CX HCI 

^N-CaH^-OEt^ 

finds application as a local ansssthetic in 


ophthalmic surgery, but its more general use is 
restricted by its toxicity (G.P. 798&, 80568). 

HOLOKLASTIT (v. Vol. IV, 464a). 

" HOMATROFINE/' tropine mandelic 
ester, CgH^N-O CO CH (OH) C^Hj, is pre- 
pared by prolonged heating of tropine mandelate 
with dilute hydrochloric acid ; the hydrochloride 
So produced is usually converted into the hydro - 
bromide. It is used as a mydriatic which is less 
toxic than atropine ; the mydriatic activity is 
still more marked when used with ephedrine 
(Pak and Tang, Proc. Soc. Exp. Biol. Med. 1930, 
27, 887). Identification of homatropino : Ek- 
kert, Pliarm. Zentralk. 1930, 71, 180 ; Celsi, Anal. 
Farm. Bioqulm. 1930, 1, 140. Microchemistry : 
Koflor and Muller, Mikrochem. 1937, 22, 43. 

HOMOCATECHOL, homopyrocatechol, 
3:4-dihydroxytoluene, m.p. 05°, b.p. 251-252°; 
creosol is the 3 -methyl ether, m.p. 6-6°, h.pi 
221-222°, rfo Mil. i 

HOMOCHELIDONINE (v. Vol. II, 627d) 

HOMOCOL {v. Vol. Ill, 5155). 

HOMOEUONYSTEROL {v. Vol. IV, 
40()c). 

HOMOGENEOUS CATALYSIS. 

iSvNOPHis or THE Subject. 

(а) Introdiu-tion (p. 240d). 

(б) Cal/ttlysis and tlic classical diBsocIatiou theory 

(p. 24 Id). 

(c) Halt effeets In catalysed n'actions (p. 21 35). 
id) Modern views on acids and bases (p. 247a). 

(e) (fcncral acid-lmso catalysis (p. 240ft). 
if) The use ol catalytic incasurciiientH for determining 
hydrogen- and hydroxyl-ion concentrations 
(p 25 1ft). 

(ff) Ilelatlons belweeii catalylic power and acId-basc 
strength (j), 2f>2d). 

(A) TJie m(3chariism ol acid base catalysis (p 255ft). 

(i) Other types of positive catalysis in solntion 
(p. 258&). 

(/) Negative catalysis in solution (p. 2fl0c). 

(a) Introduction. 

The term catalysis in its modem sense was 
introduced by Berzelius in 1836 to describe a 
number of chemical phenomena in which one 
of the substances apparently responsible for the 
reaction (the catalyst) remains unchanged . The 
phenomena which he considered would now 
be divided into two classes, heterogeneous cata- 
lysis and homogeneous catalysis, according to 
whether the catalyst is present as a separate 
phase, or constitutes part of a homogeneous 
system. Of the two, heterogeneous catalysis has 
probably boon the subject of more investigation, 
largely because of its practical importance in gas 
reactions (v. Catai^ysis in Industrial Chem- 
istry). On the other - hand, homogeneous 
catalysis in solution has been closely connected 
with the development of the modem theory of 
solutions, and is involved in many organic 
reactions of practical importance, notably 
esterification and hydrolytic reactions. 

It has long been realised that the function of 
catalysts (both heterogeneous and homogeneous) 
is to modify the velocity of a reaction, without 
affecting the position of the equilibrium which 
is finally reached. In the case of homogeneous 
catalysis the relation between the amount of 
catalyst present and the reaction velocity 
usually has a simple form. For example, if a 
reaction A B is taking place under the effect 
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•of a catalyst X, then its progress with time t will 
usually be governed by the equation 

-^^-tx[X][A] (1) 

where the square brackets denote concentra- 
tions. For a given reaction the constant kx 
depends upon the nature of the catalyst X, and 
on the temperature and the nature of the sol- 
vent : it is known os the catalytic constant and 
serves as a measure of the efifectivenoss of the 
catalyst under the given conditions. 

Since [X] remains constant throughout the 
change, the course of a single reaction will be 
kinetically of the first order with a velocity 
constant ^=A:x[X] : the catalysed reaction is 
thus of the same kinetic order as the uncatalysed 
reaction A -v Tl, On the other hand equation (1) 
is identical with that for a bimolecular reaction 
between X and A, except that the concentration 
of X remains constant during the reaction ; 
i.e. instead of 

a+x->b+y 

where X is transformed into Y, we have 
A-fX-^B+X 

where X ultimately emerges unchanged from 
the reaction, l x has in fact the dimensions of a 
bimolecular velocity constant, and the above 
reaction must be pictured (in spite of its first 
order kinetics) as depending on bimolecular 
collisions between A and X, Exactly similar 
considerations apply to reactions of higher order. 
For example, if the reaction A-|-B->C+D is 
catalysed by X the kinetic equation will be 


the concentration of the catalyst is not too high. 
A veiy large catalyst concentration will produce 
an appreciable change in the nature of the sol- 
vent medium, and may thus affect the position 
of equilibrium like any other change of solvent. 

The types of reaction which are subject to 
homogeneous catalysis are veiy diverse, and no 
enumeration or classification will be attempted. 
On the other hand, most of the catalysts on 
which information is available fall into a few 
w'ell-defined classes, as follows : — 

(i) Catalysis by Acids and Bases. — This is by 
far the most extensive field in homogeneous 
catalysis, and a large part of this article will be 
devoted to various aspects of acid-base catalysis. 

(ii) Catalysis by Ions other than Acid or Basic 
Ions. — There are a number of isolat-cd instances 
of catalysis by metallic ions and halide ions, 
usually depending upon possibilities of alternate 
oxidation and reduction of the catalyst. These 
will be described in section (i). 

(iii) Caialysis of Organic Beadions by Inorganic 
IJalogenides. — This class of reaction, typified by 
the Friedel-Crafts reaction, is often carried out 
under heterogeneous conditions, but a^jpears to 
be essentially homogeneous in character. A 
brief account is given in section (i). 

(iv) Catalysis by Enzymes. — This may formally 
be treated as a type of homogeneous catalysis in 
solution, but the law's governing it are much 
more (*omplox than for ordinary chemical 
catalysis {v. Enzymes ; Fermentation, Al- 
coholic; Hydrolysis). 

(v) Negative Catalysis. — ^This occurs both in 
gas reactions and in solution, and is a character- 
istic of chain reactions. Its occurrence in solu- 
tion is dealt with in section ( J). 


cl[A] diBl_ 


i-x[XJ(A]|Bl . . (2) 


and the reaction w ill follow a second order course 
with a velocity constant I-xLXJ. 

In the case of reversible reactions the law that 
the position of equilibrium is unaffected by a 
catalyst imposes some restrictions on the 
catalytic constants. For example, if the re- 
action A B is catalysed by X the velocities 
in the two directions are given by 


'=A'x[X][A].- 


=r[XJ[BJ 


ciiroctiy proporxioiuii to 

At equilibrium the velocitie.s in the two direc- ductivity for a large range of concentrations. 

■ ■ This was interpreted by supiiosing that the 

tions must be equal, giving - hydrogen ion in solution was the only effective 

/ ' catalyst present, and that the hydrogen ion con- 

the ratio must be Klependent of the ^entration was measured by the electrolytic 

^nitions of solvent and temperature in the I 

absenee of a catalyst, then the ratio of the un- (J- Jr Chem.''l°884. [ii], 

catalysed velocity coefHcients ^ must also , statement is not strictly true even accord- 


{b) Catalysis and the Classicjal 
Dissociation Theory. 

The early study of catalysis by acids and 
bases was closely connected with the develop- 
ment of the electrolytic dissociation theory to- 
wards the end of the nineteen tli century, and 
this theory gained a good deal of support from 
measurements of reaction velocity. Thus both 
Ostwald and Arrhenius carried out such measure- 
ments, particularly on the hydrolysis of esters 
and the inversion of cane sugar, both of which 
are catalysed by acids. It was found that the 
catalytic power of a solution of an acid was 
directly proportional to its electrolytic con- 
ductivity for a large range of concentrations. 
This was interpreted by supiiosing that the 
hydrogen ion in solution was the only effective 
catalyst present, and that the hydrogen ion con- 
centration was measured by the electrolytic 
conductivity.^ Although according to modern 
views some qualifications must bo attached bo 
these statements (especially for certain other 
reactions), they still constitute a valuable work- 
ing basis in many cases. Table I shows the 
figures given by Ostwald (J. pr. Chem. 1884, [ii], 


have the same value. These relations have been 
verified in a few cases, and can be regarded as 
fir mly established on account of their thermo- 
dynamic basis. It should, however, be noted 
that they will only remain vafid provided that 
Vol. VI.— 16 


ing to the simple dissociation theory, since that part 
of the conductivity depending on the anion will vary 
from one acid to another. However, owing to tiie 
very high mobility of the hydrogen ion little error Is 
made In Rtmnwiin g that the conductivities of solutions 
of different acld/are proportional to their hydrogen Ion 
concentrations. 
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30, 9;)). All the data refer to N aqueous hoIu- 
tionfl of the acids, and the numbers represent 
relative values of their conduc'tivity and of their 
catalytic effects in the hydrolysis of methyl 
ai'ctato and the inversion ol cane sugar, the 
value for hydrochloric acid being taken arbitrarily 
as 100 in eai^h case. 

Tahle 1.™ Relative C()^DUcTJVlT^ES and 

Catalytic' Effects of Different Acids. 


It was found that in dilute solutions of sodium/ 
potassium and calcium hydroxides (which may 
be regarded as completely dissociated) the rate 
of hydrolysis is proportional to the normality 
of the alkali and is independent of the nature of 
the catalysed reaction : further, solutions of the 
weak base ammonia give rise to much smaller 
velocities. Similar results have been obtained 
later with the reversible conversion of acetone 
into diacetone alcohol according to the equation 


Arid 

Con- 

duc- 

tivity. 

k 

(ester). 

k 

(sugar) 

HCI 

100 

100 

100 

HBr . . 

101 

98 

ill 

HNO3 

Oltti 

92 

100 

H4SO4 

CCIj, COOH . . 

CHCIb COOH. 

0 .') 1 
(12 dl 

73 9 
(lH -2 

73-2 

75-4 

25 a 

23 0 

27 1 

COOH COOH . . 

JW -7 

IT-ti 

18*0 

CHXICOOH. . 

4-110 

4 30 

4-84 

H (fOOH 

1 (18 

J 31 

1-.53 

CH.. CH(OH)CO..H . 

1-04 

0-90 

1 07 

CHa COOH . . 

0*424 

0 - 34.5 

0 400 

CHg CH(CH 3 )C 00 H . 

0 311 

0-208 

0 33.5 


SimiJar conditions obtain in alcoliolic solu- 
tions, tiiuugh data are here less numerous. 
Table II ((^ddschmidt, Her. 1895, 28, H2IH, and 
later ijapers) shows the parallelism between con- 
ductivity and catalytic otfect for tlu' esterifi- 
cation of formic acid in ethy lalcohol solution. 
The ethyl alcohol serves both as solvent and as 
reactant, and the hydrogen ions arc providcnl 
by an added catalyst acid, formic acid being 
too weak to have any appreciable catalysing 
effect. The coneentration of the < atalysing 
acid was 01 On. throughout. 

Table 11. — ('atalytic Effei't of Acids in 
THE ESTEBirrOATION OF EoBMIC AciD IN 
Ethyl Alcohol. 


(CH3)2C(OH)CHg CO CH3, 

which is catalysed by solutions of strong and 
w'eak bases. 

It is possible on the basis of the classical dis- 
sociation theory to make some general state- 
ments on the variation of reaction velocity with 
hydrogen ion concentration or with 

(-logiolH']). 

These statements apply strictly only to catalysis ' 
by dilute solutions of strong acids and bases, 
but for many reactions they serve also to give a 
general description of the behaviour in presence 
of weak electrolytes. Many reactions are 
catalysed both by acids and by bases, and the 
most general equation for the observed velocity 
constant k is 

k--k,Mhi ' ^[H ' J-f (/•oii~)[OH-J (4) 

where Ini is the catalytic constant of the 
hydrogen ion, /'ou- the catalytic constant of the 
hydroxyl ion, and the velocity constant of 
the so-eallcd “ sponiancoiis " reaction.^ 

The relative importance of the three terms in 
equation (4) varies very inueli under different 
eonditions and for dilleront reactions (c/. e.g. 
Skrabal, Z. Elektroohem. 1927, 33, 322). The 
apjilicatioii ol the law of mass action to the dis- 
sociation ot^w liter gives [OH~]( H ' J=A|/i, the 
ionic product of waiter, and insertion of this in 
equation (4) gives 


("atalysing acid. 


IlclaMvr 
I conductivity 


Jlclativc 

velocity 

constant 




Hydrogen chloride. 

100 

1(K) 

Picric .... 

10*4 

10 3 

Trichloroacetii’ 

1 *00 

104 

Trichlorobutyric 

0-35 

030 

Dichloroacetic . 

0-22 

018 


An exactly analogous interpretation can be 
applied to catalysis by bases, i.e. the eatalytii 
effect of a basic solution depends upon its 
hydroxyl ion concentration, which can be 
determined from its conductivity. Export 
mental data are, however, much less extensive 
than in the case of acid catalysis. Most of the 
early work was done on the hydrolysis of esters 
in presenee of alkali, which cannot, strictly 
speaking, be classed as a catalytic reaction since 
hydroxyl ions are used up during the reaction, 
e.g. 

CH3COOC-H5+OH- . 

->CH3COb-l-Cj,HBOH 


Since Ku>—lO-^*y [H'J and [OH-] vary by a 
factor of about 10^^ in passing from 01 On. 
hydrochloric acid to O IOn. sodium hydroxide, 
so that unless kii+ and /;oh~ differ by a factor of 
more than about 10® there will be two ranges of 
easily accessible to experiment in which one 
of the last two terms 111 equation (5) can be 
neglected. In these ranges the velocity is a 
linear function of [H+] and (OH“] respectively, 
and the values of the corresponding catalytic 
constants and kon- can easily be separately 
determined from the experiment. Between 
these two ranges the reaction velocity will pass 
through a minimum value of 

^mia=A:o+2V{Au,(A:H+)(W)}. ■ (6) 

^ It will be seen later that the term “ Bpontaneoua ” 
18 reallv a misnomer, since the observed velocity is 
actually dui; to catalysis by the solvent molecules 
However, the term Is in very general use and will be 
retained. 
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•at a hydrogen ion concentration given by 



If^'oH-— minimum velocity will be at 
the neutral point, while the two possibilities 
and A'oH-'<fcH+ correspond to a 
minimum velocity respectively on the acid and 
on the alkaline side of the neutral point. 

Under some conditions {k^ not too small, 
(AhO(^oh-) not too large) the second term in 
equation (0) is negligible compared with the 
lirst, and the velocity at the minimum ]Mjint is 
equal to the spontaneous velocity k^. Moreover, 
reference to equation (5) shows that under the 
same conditions there will be an aiipreciable 
range ol pn values over which the two last 
terms of this equation contribute very httlc to 
the velocity. Under these conditions the 
spontaneous velocity k^ is directly observable 
as the measured velocity in thi.s 2*r range. 
When this is not the case the value of must 
bo obtained either from the observed minimum 
velocity by using equation (G), or by extra- 
polating the linear parts of the A— [H^] or 
Z-— [OH"] plots to zero concentration of [H+] 
or [OH~j. Finally, many reactions are ot 
course known in which one or more of the 
constants k^ i and kou- is zero, or at least so 
small that it cannot be detectc<l. 

The following list gives the dilTctcnt possible 
types of behaviour, with a few of the better 
known examples ol each type : 

(1) Catalysis by both acids and bases, spon- 
taneous reaction directly observable. Example 
— the mutarotation of glucose. 

(2) Catalysis by both acids and bases, spon- 
taneous reaction detectable but not directly 
observable. Example — the halogcnation of 
acetone. 

(3) Catalysis by both acids and bases, spon- 
taneous reaction not detectable. Examples — the 
hydrolysis of amides and y-lac tones. 

(4) Catalysis by acids only, spontaneous 
reaction directly observable. Examples — the 
hydrolysis of alkyl orthoacctates and ortho- 
carbonates. 

(5) Catalysis by bases only, spontaneous 
reaction directly observable. Examples — the 
hydrolysis of jS-Iactones, the decomposition of 
nitramide, the halogenation of nitro-paralhns. 

(6) Catalysis by acids only, no spontaneous 
reaction detectable. Examples — the inversion 
of sugars, the hydrolysis of diazoacctic ester and 
of acetals. 

(7) Catalysis by bases only, no spontaneous 
reaction detectable. Examples — the depoly- 
merisation of diacetone alcohol, the decomposi- 
tion of nitrosotriacetonaminc. 

(c) Salt Effects in Catalysed Reactions. 

Although the classical theory gave a good 
general account of the experimental data, a 
number of discrepancies remamed, of which the 
following are the most important : 

(i) The reaction velocity is not exactly a 
linear function of the hydrogen or hydroxyl ion 
concentration as calculated from the con- 


ductivity. In particular, in catalysis by solu- 
tions of strong acids an increase of acid con- 
oentration invariably causes the velocity to 
increase more rapidly than the conductivity. 

(li) The reaction velocity is often affected con- 
siderably by the addition of neutral salts, t.c. 
salts which are neither acidic nor basic and which 
have no ion in common w ith the catalyst. This 
discrepancy is particularly marked in solutions 
containing w'cak electrotytes. 

(iii) The addition of a salt having an ion in 
common with the catalyst docs not usually 
deprcH.s the velocity as much as would be 
expected from the simple law of mass action. 

{Subsequent work on the theory of acid -base 
catalysis has been largely devoted to clearing up 
thc.se tliscrepancies, and the following arc the 
chief modifications and additional assumptions 
which have boon introdiuicd into the classical 
theory : 

(1) The ionic concentrations of strong elec- 
trolyte solutions are not proportional to their 
conductivities. 

(2) The simple law of mass action does not 
apply exactly to ionic equilibria. 

(3) The reaction velocity in ionic systems is 
not exactly a linear function of the concentra- 
tions of the reactants, but also depends on other 
properties of the solution, r.g. the concentrations 
of other ions present. 

(4) Hydrogen and hydroxyl ions aie not the 
only catalysing species. 

Of these, (1), (2) and (3) aic closely connected 
with modern electrolytic theory, and are treated 
111 this section under the general description of 
“ salt effects,” (d) is the fundamental assump- 
tion of the theory of general acid-base catalysis, 
and forms the subject of the two following 
sections. 

According to modern views (based partly on 
theoretical considerations and partly on exjieri- 
meiitnl evidence) those electrolytes commonly 
classed as ” strong ” are, practically speaking, 
100% dissociated even at concentrations wdieie 
their conductivity ratios arc considerably lc.s8 
than unity. The decrease of conductivity is 
attributed to electrostatic forces between the 
ions, and not to incomplete dissociation. This 
liypothtisis of complete disaociation of alrony 
electrolytes often introduces a considerable siin- 
plitication into the treatment of catalytic data. 
This is illustrated by the data in Tables ITI and 
TV (p. 244) (r/. Daw'son and Lowson, J.C.S. 1028, 
2140; La Mcr and Miller, J. Amer. ('hem. Soc. 
1935, 57, 2074; Kocdichcn, Z. physikal. Chem. 
1900, 33, 129). The experiments of Koelichcm 
w'ere carried out at 26-2”, and his velocity 
constants have been reduced by 1-3% to make 
them comparable with those at 25”. 

k 

It will be seen that the catalytic constant - 

remains constant over a large range of concen- 
trations provided that the catalyst is assumed 
to be completely dissociated, although the 

conductivity ratio — varies by 13-16% over 
Ao 

the same concentration range. (The last column 
contains the ac4ivity coeffieient / of the catalyst, 
and will be discussed later.) It should not bo 
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Table HI. — Hvdkoi.ysis op Ethyl 
Acetate at 26°, (Utalyst HCI. 

jt=fir8t-order velocity constant, min.“^. 


c (HCI). 

k 

c" 

A 

Ao 

/(HCI). 

0-0002 

6-43 

0 999 

0-993 

0-0005 

6-50 

0-998 

0 984 

0-(Kd0 

(j-50 

0 997 

0965 

0-0020 

6-49 

0-990 

0-957 

0-0100 

6-54 

0-984 

0-924 

0 ()2(M) 

6 45 

0-973 

0-892 

0 04(KI 

6 50 

0-952 

0 860 

0-1000 

6-48 

0-903 

0-814 

0-20(M) 

6-57 

0-895 

0-783 

0-5000 

6-76 

0-865 

0-762 


Table IV. — Decomposition of Diacetone 
Alcohol at 25°, Catalyst NaOH. 

i ‘^-^first-order velocity constant, inin.“^. 


Author. 

(NaOH). 

k 

c 

A 

Ao 

f (NaOH) 

(1) 

000471 

2-20 

0-970 

0-936 

(1) 

000942 

2-32 

0-965 

0-904 

(1) 

0-0188 

2-29 

0-901 

0-865 

(2) 

0-0205 

2-22 

0-897 

0-860 

(2) 

0-0292 

2-23 

0-885 

0-838 

(1) 

0-0471 

2-32 

0-867 

0-810 

(2) 

0-0518 

2-24 

0-861 

0-804 

(2) 

0-0616 

2-22 

0-854 

0-793 

(2) 

0-0710 

2-22 

0-848 

0-782 

(2) 

0-0864 

2-19 

0843 

0-770 

(1) 

0-0942 

2-28 

0-840 

0-766 

(2) 

0-1045 

2-21 

0-838 

0-760 


(1) Koeliclien. (2) La Mor and Miller. 


ionic equilibria present. According to moderir 
electrolyte theory these equilibria, and hence 
the concentrations of the catalysing ions, are 
afibctcd to a considerable extent by the total 
ionic concentration of the solution. This is 
expressed in terms of activity coefficients; e.g. 
for the dissociation of a weak acid H A according 
to the equation H A ^ H+-|- A“ the simple mass 
action expression must be replaced by 


LH^lfA-] (/h-h)(/a- ) 
[HA] /ha 


( 8 ) 


where K is the true or thermodynamic dissocia- 
tion constant (depending only on the tempera- 
ture and the solvent) and the /’s are activity 
coefficients. The “ classical ” concentration dis- 
sociation constant Kc is that given by 


„ L H+J[A-] /ha 
‘ I HA] (/H.)(/i-)- 


(9) I 


The activity coefficients are all equal to unity at 
very low ionic concentrations, but as the con- 
centration of ions increases /hi and /a- both 
decrease. Hence in fairly dilute solutions an 
increase of ionic concentration increases AV, 
the degree of dissociation, and the velocity of 
any reaction catalysed by hydrogen ions. In 
more concentrated solutions a change in the 
reverse direction often takes place. 

Ajiart from measiirenKuits of reaction \H‘locity 
or theoretical considerations, there is abundant 
evidence from indicator and electrometric 
mcasurenients for the increased dissociation 
caused by the addition of salt. Table V gives 
typical data obtained from electrometric 
measurements, which illustrato the magnitude 
of the effect (Larsson and Adell, ibid. 1931, 
156, 352). 


TaHI.E V.— CONCENTIIATION DISSOCIATION 

Constant of Acetic Acid in Salt Solutions. 


assumed that the reaction velocity is always 
exactly proportional to the concentration of the 
catalyst ion, since deviations from such pro- 
portionality will be discussed a little later under 
the heading of primary salt efifects. However, 
the velocity is always more nearly proportional 
to the concentration than to the conductivity. 
The position is similar in iion-aqueous solvents, 
in fact the direct proportionality between cata- 
lyst concentration and reaction velocity found 
by Goldschmidt et al. {ibid. 1912, 81 , 30; 1920, 
94 , 233) for esterification reactions in methyl 
and ethyl alcohols, constituted some of the most 
convincing evidence for complete dissociation 
in those solvents (r/. Bjerrum, Fysisk Tidsskr. 
1916, 16 , 59; Z. Elektrochein . 1918, 24 , 

321). 

The most important deviations from the clossi- 
oal laws of catalysis occur when weak electrolytes 
are present, and these are now attributed to the 
secondary salt effect (Bronsted, J.C.S. 1921, 119 , 
674 ; Bronsted and Pedersen, Z. physikal. Chem. 
1924, 108 , 185). The term “ secondary ” refers 
to the faot that these effects ase not primarily 
concerned with the reaction itself, but with the 


18°c. M=Balt molality. 


M. 

]0®7ie. 

in KCI. 

in SrCl 2 . 

0 

1-74 

1-74 

0-01 

1-80 

— 

0-05 

2-19 

— 

0-1 

2-69 

3-09 

0-2 

2-95 “ 

3-47 

0-5 

3-17 

4-07 

1-0 

2-95 

4-37 

2-0 

2-19 

3-89 


It is important to note that the ions formed by 
the dissociation of the weak electrolyte will 
contribute to these interionic effects in just the 
same way as the ions of an added salt. This 
factor is not important in a solution made 
directly by dissolving a weak electrolyte, since 
in these cases the ionic concentration is small. 
However, in a buffer solution, such as acetic acid 
plus sodium acetate, the acetate ions must be 
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taken into account in calculating the total salt 
concentration in spite of the fact that they also 
take part in the dissociation equilibrium. In 
consequence of this fact the hydrogen ion con- 
centration of a buffer mixture does not remain 
quite constant when the solution is diluted, as 
would be predicted by the classical law of mass 
action : for example, [H+] in 

0 lON.CHa-COOH+O ION.CH 3 COONa 

is greater than in 

0 02N.CHa COOH+0 02N.CH3 COONa 

on account of the higher ionic concentration in 
the former solution. 

The secondary salt effect is still more promi- 
nent in non-aquGous solutions, since on account 
of the lower dielectric constant the electrostatic 
forces are much greater than in water. In these 
solutions the ions formed by the weak electrolyte 
itself may produce a considerable effect, so that 
largo deviations may occur even in unbuffered 
solutions of weak electrolytes without any salt 
additions. Typical data are given in the follow- 
ing table, containing data for the concentration 
dissociation constant of picric acid in ethyl 
alcohol measured by a colorimetric method 
(Gross and Goldstern, Monatsh. 1930, 55, 316). 
it will be seen that although the ionic concen- 
tration never exceeds 0-(X)5n. the classical dis- 
sociation constant varies by a factor of more 
than 3. 


Table VI. — Uxssociatioh of Picric Acid 
IN Ethyl Alcohol at 20°c. 


Cl 

C2 

c*' 


0 

0 

0 

1 84 (extra- 
polated) 

] 022 X 10-® 1 

0 

9 67x J0-® 

1-94 

] -873 X 10'® 

0 

1-71 x 10-® 

1-96 

4 080X10-® 

0 

3 48x10-® 

2 09 

1-280x10-^ 

0 

8 97x10-® 

2 13 

2-876 xlO-® 

0 

1-69x10-® 

2-28 

1-087x10-® 

0 

4-16 X 10-® 

2 58 

2 337x10-^ 

3-27x10-® 

4-75 X 10^ 

2 69 

1-795x10-® 

0 

6-81x10-® 

2-75 

2-930x10-® 

4-10x10-® 

5-90 XlO-* 

2-76 

2-857 X10-* 

0 

7-84 X 10-® 

3-01 

2-914x10^® 

1-019x10-® 

1-20 X 10-® 

3 32 

7-041 X 10-* 

0 

1 35xlO-« 

3-24 

2-323 X 10-* 

1-678 X 10-® 

1-84x10-® 

3-92 

1 463 X 10-® 

4-111x10-® 

4-24 X 10-® 

6 21 


concentration of picric acid. 

C 2 ^ concentration of added salt (lithium chloride). 
Ci — total ionic concentration. 


The bearing of secondary salt effects on 
catalysed reactions was hrst realised by 
Bronsted, and most of the experimental work 
on this subject comes from his laboratory 
ie.g. Bronsted and Teeter, J. Physical Chem. 
1924, 28, 579; Bronsted and King, J. Amer. 
Chem. Soc. 1925, 47, 2623 ; Kilpatrick, ibid. 
1926, 48, 2091; BrOnsted and Wynne-Jones, 
Trans. Faraday Soc. 1929, 25, 50). Table VII 
(Bronsted and Teeter, 2.c.) illustrates the effect 
of adding a neutral salt to a weak acid. The 
third column shows the values of [H '*'] calculated 
from the kinetic data, using the catalytic con- 


stant obtained from dilute solutions of strong 
acids. The last column contains the correspond- 
ing calculated dissociation constants, which may 
be compared with those in Table V. 

Table VII. — Decomposition of Diazoacetio 
Ester in 0 05m. Acetic Acid at 16°. 


l;=fir8t-ordcr velocity constant, min.“^. 


[KNO3]. 

HU-. 

10«[H'*'J. 

10®^' 

0 

12-71 

9-52 

1-86 

0-006 

i 13-10 

9-77 

1-96 

0-01 

13-46 

1()()7 

207 

0-02 

13-70 

10-27 

2-16 

0-05 

14-19 

10-62 

2-30 

0-10 

14-68 

10-90 

2-44 


The secondary salt effect in buffer solutions is 
lUustratt^d by Table VIII, wliich gives data for 
the acid-catalysed hydrolysis of cthylacetal 
(Bronsted and Wyrme-Joiies, l.c.). Although 
the buffer ratio is constant throughout there is a 
steady rise in velocity in the first five experi- 
ments, due to the increase of salt concentration 
and the resulting increase in the dissociation 
constant of fornne acid. On tlio other hand, the 
last four experiments, in which the total salt 
concentration has liecn kept constant by the 
addition of the requisite amounts of sodium 
chloride, show an almost constant velocity. 
Tliis device of adding a neutral salt to keep the 
total salt concentration constant is frequently 
used to eliminate the secondary salt effect and 
thus to simplify the interpretation of experi- 
mental results. It can, however, only bo applied 
successfully in fairly dilute solutions, since 
above a salt concentration of 0'1-0-2n. (in 
aqueous solutions) individual differences between 
the effects of different salts begin to become 


Table VIII. — Hydrolysis of Acetal in 
Formate Buffers at 20°. 


Formic acid : formate=2-96 throughout. 
I:=fir8t-order velocity constant, min.~^. 


[Formic 

add]. 

[Formate J. 

[NaCIJ. 

Ionic 

strength. 


0-0296 

0-0100 



0-011 

12-5 

0 0582 

0-0200 

— 

0-020 

13-4 

0-1480 

0-0500 

— 

0-060 

161 

0-2220 

0-0760 

— 

0076 

16-4 

0-2960 

0-1000 

— 

0-100 

17-8 

0-1776 

0-0600 

0-0400 

0100 

17-6 

0-0987 

0-0333 

0-0667 

0-100 

17-7 

00222 

0-0076 

0-0926 

0100 

18-2 


The interionic attraction theory of electro- 
lytes leads to a theoretical expression for the 
activity coefficients in equations (8) and (9), 
thus providing* a theoretical basis for the 
secondary salt effect and making it poesible to 
predict its sign and approximate magnitude. 
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The Debye- II iickel limiting law for the activity 
cooflicient /i of an ion of charge zi is 

( 10 ) 

fi, the ionic strength^ is defined by 

. . . ( 11 ) 

where nii and c,- are respectively the molality 
and e(iiiival<‘nl ( oneentration of an ion of species 
i, and the fliiminatioii is made over all the ions 
proseiil in the solution, including the ion whoso 
activity coenicient is recpiircd. The constant A 
IS given by the theory in terms of the tempera- 
ture and properties of the solvent : for aqueous 
solutions at ordinary temperatures it is approxi- 
mately equal to 0-5. In order to apply the 
theory to the dissociation of a weak electrolyte 
the values of the activity eoeflicients must be 
substituted in equation (9), giving 

logio^c=log,oA'+2Av'/A . (12) 

This equation predicts that the concentration 
disHOCuation constant will increase with in- 
creasing ionic strength, as illustrated in Tables 
V-VIll. However, both theory and practice 
indicate that equation (10) (and hmice other 
equations derived from it) will only bo vahd 
for extremely dilute solutions, say up to about 
/X =0 01 in water, and for most work on catalysis 
it will therefore only serve ns a rough guide to 
the magnitude of the efFect. It does, however, 
predi(;t one notable feature of the secondary salt 
effect, namely that if the reaction velocity is 
plotted against p (or the concentration of added 
salt) the resulting curve is strongly concave to 
the concentration axis. 

The above considerations apply to solutions 
in which the hydrogen ion concentration is 
determined by an equilibrium of the type 
H A H * + A~. Other types of oquibbrium are 
possible : e.g. in a solution of an ammonium 
salt we have NH 4 '' ^ NHj-f H and in a solu- 
tion of a disulphate HSO^" ^ S 04 °+ H ^ . The 
effect f»f salt concentration can be predicted 
qualitatively by again using equations (9) and 
(10), taking into account the different charges 
on the species present. It is found that in the 
former case the hydrogen ion concentration should 
be unaffected by salt concentration, while in 
the latter case it should be increased. These 
predictions are home out by the experimental 
results. The position is similar in reactions 
which are catalysed by the hydroxyl ion. In 
solutions of ammonia or an amine the relevant 
oquiUbrium is NHj+HgO^ NH 4 +q-OH- and 
the hydroxyl ion concentration is increased by 
addition of salt. On the other hand, in a buffer 
solution containing secondary and tertiary 
phosphate the equilibrium is 

P 04 "+ HjO ^ H P 04 =+ 0 H- 

and theory predicts a decrease of hydroxyl ion 
concentration on the addition of salt, which is 
in fact the observed effect (Bronsted and King, 
J. Amor. Chem. Soc. 1925, 47, 2523). 

Catalysis in solution may b^also subject to 
the primary sail effect, though this is normally 
of less importance than the secondary effect. As 


the name “ primary implies, this effect 
operates directly on the velocity constant of 
the reaction, and is not concerned with dis- 
placements of the equilibria of weak electrolytes. 
It is therefore best studied in solutions containing 
only strong electrolytes, and has been the sub- 
ject of a largo mass of experimental work. 
(For references, see Bell, “ Acid-Base Catalysis,'* 
Oxford, 1941, p. 23.) The following generalisa- 
tions emerge from this work : 

(a) For a given reaction and a given added 
salt the percentage change in velocity is a linear 
function of the salt concentration. This law 
appears to hold almost universally up to about 
0-2n. and is often valid up to much higher 
concentrations. 

(b) The magnitude of the effect depends upon 
the individual nature of the reaction and of the 
added salt, there being no general relation to the 
ionic strength. 

(c) The addition of salt invariably causes an 
increase of velocity (positive salt effect) in 
reactions catalysed by hydrogen ions, while for 
hydroxyl ion catalysis the effect is sometimes 
positive and sometimes negative. 

(d) When the hydrogen ion is the catalyst the 
specific effect of an added salt depends chiefly 
on the nature of its anion, while for hydroxyl 
ion catalysis the nature of the cation is the more 
important factor. 

(e) The magnitude of the effect rarely exceeds 
4-5% in 01 On. aqueous solutions of uni-univa- 
lent salts, though in a few cases it may be as 
high as 10-12%. 

The principle of the primary salt effect is now 
understood from a theoretical point of view 
(r/. Bronsted, Z. physikal. Chem. 1922, 102, 
169 ; 1925, 115, 337 ; La Mor, Chem. Reviews, 
1932, 10, 179). How’over, the most interesting 
predictions of the theory relate to reactions in- 
volving two ions, and for a reaction involving 
an ion and a neutral molecule (as do the majority 
of catalysed reactions) the theory only predicts 
that the effect will be a linear one (c/. (a) above), 
without giving either its sign or its magnitude. 
The theory is therefore not described here. An 
interesting correlation between indicator mea- 
surements and priraarj'^ salt effects in acid 
solutions has been demonstrated by Hammett 
and Deyrup (J. Amer. Chem. Soc. 1932, 54, 
2721) and Hammett and Paul {ibid. 1934, 66, 
830) : this correlation has some theoretical basis 
and is certainly useful as a guide in practice. 

It may be useful to summarise briefly the 
chief practical consequences of primary and 
secondary salt effects in catalysed reactions, 
with some mention of how the complications 
thus caused may be avoided. 

(i) In solutions containing a weak electrolyte 
the reaction velocity will be affected by changes 
in the total salt concentration, whether these are 
brought about by adding a neutral salt or by 
changing the total concentration of a buffer 
solution. 

(ii) In a solution of an ordinary weak acid 
{e.g, acetic acid), or a buffer solution prepared 
from it, the reaction velocity is increased by the 
addition of salt. An increase in salt concentra- 
tion from zero to O-IOk. usually increases the 
velocity by 15-20% in a solution containing 
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only a weak acid, and 30-40% in a buffer 
solution. 

(iii) Complications due to this secondary salt 
effect can be largely eliminated in a senes of 
experiments by maintaining a constant total 
salt concentration (not greater than N./6) by 
adding the necessary quantities of neutral salt. 

(iv) The primary salt effect modiffes the 
velocity even when no weak electrolytes are 
present. It can frequently be neglected if the 
total salt concentration is not allowed to exceed 
H./IO. 

(f/) Modern Views on Acids and Bases. 

The understanding of acid- base catalysis has 
been closely connected with the development of 
ideas on the nature of acids and bases and the 
measurement of their strengths. It is therefore 
necessary to give some account of these ideas 
before describing further work on catalysis. 

The Definition of an Acid has undergone a 
numlier of changes during the last fifty years. 
As soon as the ionic theory had become estab- 
lished an acid was defined as a substance con- 
taining hydrogen which gave rise to hydrogen 
ions in solution. Although acids were originally 
regarded as neutral molecules (like hydrogen 
chloride and acetic acid), it w'as soon found 
convenient to include negative ions such as 
HS 04 ’“, H 2 p 04 ~, which can also produce 

hydrogen ions in solution. These anion acids 
can of course only exist in practice in company 
with ions of opposite sign, and it might be sug- 
gested that salts like NaHS 04 , KH 2 PO 4 should 
bo regarded as acids. However, the sodium or 
jiotaasium ions ploy no part in the acidic re- 
actions of the salts, remaining unchanged 
throughout, and it is more logical to include 
only the anions in the definition. The modern 
definition of acids includes also cation acids : 
thus the acid character of solutions of am- 
monium salts is most simply explained as being 
due to the reaction N H 4 '^ ^ N Hj-f H"* , and the 
ammonium ion can therefore be considered as an 
acid. (The older description of the “ hydrolysis” 
of ammonium chloride solution in terms of the 
tw o reactions NHa+HaO;^NH 4 ++OH- and 
is only a more cumbrous way 
of expressing the same facts, since the chloride 
ion plays no part in the process.) In the same 
way the acid properties of solutions of many 
metallic salts {e.g. iron, aluminium, chromium, 
etc.) arc best explained by the splitting off' of 
hydrogen ions from the hydrated cations, some- 
times in several steps, e.g. 

[Cr(H, 0 ).]+^+?i[Cr(H, 0 ) 50 H]+++H + 
[Cr(H,0),0H]++ ^ [Cr(H,0),(0H),]++ H ^ 
etc. 

These hydrated ions can therefore be regarded 
as cation acids in the same way as the am- 
monium ion. 

The Nature of the Hydrogen Ion in 
Solution has a considerable bearing on the 
definition of an acid. It was originally supposed 
to be simply a proton, the small size of which 
might serve to account for its high mobility, 
and possibly alsB for its catalytic power. How- 
ever, there is now an overwhelming weight of 


both experimental and theoretical evidence to 
show that the hydrogen ion in solution is in- 
variably solvated, and that no measurable con- 
centration of free protons can be present. In 
particular, it is believed that the hydrogen ion 
in aqueous solution exists entirely as OHg+ 
(the oxonium or hydroxonium ion), which has a 
normal electronic structure with a completed 
octet and is analogous to the ammonium ion 
NH 4 +. In consequence all equations repre- 
senting the production of a hydrogen ion in 
water should be rewritten so as to show the 
part played by die solvent, e.g. the dissoi'iation 
of hydrogen chloride becomes 

HCI+HgO ->CI-+0H3+ 

How'ever, it is still common practice to use the 
symbol H+ for the hydrogen ion in solution, 
its solvation being tacitly assumed. It is clear 
that the nature of the hydrogen ion will actually 
vary from one .solvent to another, e.g. in an 
alcohol ROH it has the formula ROHj^. 

The term “ hydrogen ion ” which has been so 
far used in defining an acid is thus a somewhat 
ambiguous one. If it is taken to mean the 
actual sjiecies present in solution, the definition 
will vary from one solvent to another, while if 
it is taken to mean a free proton the definition 
is meaningless, since the production of this kind 
of “ hydrogen ion ” never takes place in practice. 
These difficulties are avoided by the modern 
definition, which roads : An acid is a specks 
having a temlency to lose a proton (Broiisted, 
Roc. trav. chim. 1923, 42, 718; J^owry, Chem. 
and Ind. 1923, 1, 43). Although the production 
of a free proton is not possible, the tendency 
of the acid can be realised if some other species 
is present to receive the proton, and in the pro- 
duction of a solvated hydrogen ion the solvent 
acts as a proton acceptor. For example, all the 
following typically acidic reactions of hydrogen 
chloride involve the loss of a proton to another 
molecule or ion : 

HCI+HgO-^OHg^+CI- 
HCI+ 0 H--»-H 20 +CI- 
HCI+EtOH ^EtOH.^ + CI- 

(afcohol solution) 

HCI+NH3-^[NH4+][CI-] 

(no solvent necessary). 

In exactly the same w^ay the characteristic acid 
reactions of the ammonium ion involve the loss 
of a proton to give the ammonia molecule, e.g. 

NH4^.f HoO; iNH8+OHg+ 
NH 4 ++OH-;; iNHg+HnO 
NH4^^-CH3•COO-; i^NHg+CHgCOOH 

One important consequence of the above 
definition is that the oxonium ion OH 3 + must 
itself be regarded as an acid, its tendency to lose 
a proton being illustrated, for example, by the 
following reactions : 

OH3+-bOH-;Fi2HaO 
OH 3 ++NH 3 ^ H 3 O-I-NH 4 + 
OHg^^-hCHa COO- ^ HgO+CHg COOH 

It will be seen that there is a close similarity 
between the oxonium and ammonium ions. In 
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results of lironstcii and Pedersen (/.c.) for acetate 
buffers. It will bo seen that the increase of 
velocity is directly proportional to the acetate 
ion concentration, and indepcindent of the Ph of 
the solution (determined by the buffer ratio). 
These reHults demonstrate concluHivoly basic 
catalysis by the acetate ion and make it possible 
to delernum; its catalytic constant with accuracy. 
Similar results were obtained with many other 
anion bases (both Hin^ly and doubly charged), 
with uncharged bases like aniline, and with 
positively charged liases of the type 

fCo(NH3),OHJ> 

The Mutarotation of Glucose has long 
been known tci be; catalysed both by acids and 
by bases, and playc^d an imyiortant part in 
establishing the tlicory of gc^ncral and -base 
catalysis (HronsU'd and Guggenheim, ifnd. 1927, 
49 , 2554 ; Lowry and Smith, J.G.S. 1927, 2531); 
Westheinu'T, . 1 . Grg. ('hem. 1938, 2 , 431). The 
process observed is the interconversion of the 
isomers a- and ^-glucoHc, involving thcj iiipture 
of a serni-acetal link 


Hawson et al. (numerous papers in J.C.S. 1913- 
29). Mueh of this was earned out before the 
imyiortaiice of primary and seeondary salt effects 
was realised, and the results are therefore often 
difficult to interpret. However, the general 
features of the reaction are clear, and have been 
confirmed by recent work (Smith, ibid. 1934, 
1744; Ijidwell and Bell, Proc. Roy. Soc. 1940, 
A, 176, 88). The reaction velocity is indepen- 
dent of the eon cent ration of the halogen, and is 
the same for bromine and for iodine : hence the 
process of w'hich the rate is meusured yirecedes 
the halogenution and involves only the acetone 
inoleeiile and the catalyst. (Modern views on 
the nature of this jiroeess are mentioned in 
section (</).) There is catalysis both by acids 
and by bases, hydroxyl ion being a much more 
powerful catalyst than hydrogen ion. The 
relative values for catalytic constants for OH~, 
and the spontaneous reaction are such 
that there is no apyireeiable range of liydrogon 
ion concentrations over whuh eatalysis by both 
OH~ and OH 3+ can he neglected. This means 
that the syamtaneous rate cannot be observed 


C(OH)— O— CH 

The catalytic eflect of hydroxyl ions is about 
4x 10* greater than that of hydrogen ions, and 
there is a eonsiderable range of hydrogen ion 
eoneentrations (about p^^ 4-0) over which 

eatalysis by both OH" and OH3i can be 
neglected, i‘iiabliiig the “ spontaneous ” rate to 
be ob8(‘rvi‘d directly. The yirc.scncc of general 
catalysis both by acids and by bases is most 
readily detected by using buffer solutions ni this 
range, and experiment has shown that 43 other 
species are effective as catalysts, in addition to 
OH3 and OH“, comprising the following types : 

(а) Uncharged acids, r.y. CH3 COOH. 

(б) Cation acids, e.g. NH4'^ . 

(c) Uncharged bases, c.r/. NH3. 

\d) Anion bases, e.g. CHa-COO", SO 4-. 

Cation bases, e.g. [Co(N Ha)gOH]^ ^ . 

(/) Amino-acids in the zwitterion form, e.g. 

NHa^ CHg COO-. 

The effect of this last type of catalyst is clue 
primarily to the basic properties of the group 

COO- 

Fig. I shows data obtained by Bronsted and 
Guggenheim (J. Amer. Chem. Soc. 1927, 49 , 
2671) for sodium salts of various weak acids, 
a small quantity of the corresponding acid 
being added to bring the hydrogen ion con- 
centration into the range 10~® to 19“*. (These 
amounts were insufficient to cause any appreci- 
able acid catalysis.) It will be seen that the 
velocity is in each case a linear function of the 
anion concentration. 

The Halogenatlon of Acetone was the first 
reaction for which catalysis by undissociated 
acid molecules was definitely established, and 
constitutes the only piece of evidence brought 
forward in support of the dual theipry which has 
not been refuted by more modem work. The 
bulk of the work on this reaction is due to 
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directly, and complicates the separation of the 
catalytic effects of different species. For 
example, in a solution containing a weak acid 
HX and its sodium salt the measured velocity 
k is equal to 


^-o+(Au+)[H+]-h(I-OH-)[OH“]+ 

^'uxLHXH(fcx-)[X-] 


where at the most one term (the second or third) 
can bo neglected. A large number of carefully 
planned experiments is therefore necessary in 
order to determine the values of the individual 
catalytic constants. 

Many other reactions are known which exhibit 
general acid-base catalysis in aqueous solution, 
of which the following may be mentioned : the 
bromination of substitute ketones and of 
ketonic esters (Pedersen, J. Physical Chem. 1933* 
87 , 751 ; 1934, 88 , 601 ; Lidwell and Bell, Proc. 
Roy. Soc. 1940, A, 176 , 88), the bromination of 
nitromethane (Pedersen, Kgl. Danske Vid. Selsk. 
Math.-fys. Medd. 1932, 12 , 1), the hydrolysis 
of ortho-esters (Bronsted and Wynne- Jones, 
Trans. Faraday Soc. 1929, 25 , 69), the decom- 
position of the diazoacetate ion (King and 
Bolinger, J. Amer. Chem. Soc. 1936, 58 , 1533), the 
depolymerisation of dimeric dihydroxyacetone 
(Bell and Baughan, J.C.S. 1937, 1947), the 
oxidation of phosphorous and hypophosphorous 
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acids by iodine (Nylen, Z. anorg. Chem. 1937, , 
230, 385 ; Griffith, McKeown and Taylor, Trans. ^ 
Faraday Soc. 1940, 36, 762), the formation and 
hydrolysis of semicarbazones (Conant and 
Bartlett, J. Amer. Chem. Soc. 1932, 64, 2881 ; 
Westheimer, ibid, 1934, 56, 1962). 

The theory of general acid-base catalysis puts 
a new interpretation upon the “ spontaneous ” 
reaction^ i.e. that part of the reaction velocity 
Avhich is independent of the concentration of dis- 
solved catalysts. It is now supposc^d that tliis 
reaction is not truly spontaneous (though the 
term is still frequently used for coin^enience), but 
is due to acid or basic catalysis by the water 
molecules, which can act either as acids or as 
bases. Although the acid or basic strength of 
the H»0 molecule is very small, it is present in 
very high concentrations, and therefore its 
catalytic effect may well be appreciable. There 
are two pieces of evidence wliich favour this 
interpretation. In the first place, all those 
reactions which exhibit general catalysis by 
acids or by bases also exhibit a measurable 
spontaneous reaction ; conversely, those re- 
actions which appear to be catalysed specifically 
by hydrogen or hydroxyl ions do not exhibit 
any measurable spontaneous reaction. In the 
second place, no spontaneous reaction can be 
detected in solvents which do not exhibit acidic 
or basic properties : e.g. nitramide is quite stable 
in chloroform solution, and tetraniethylglucose 
undergoes no change in carefully purified hydro- 
carbon solvents. 

The study of catalysis by acids and bases in 
non-aqueous solvents throws an interesting light 
on general catalysis. In other hydroxylic 
solvents the condition is similar to that in water, 
except that quantitative interpretation is more 
difficult on account of the paucity of information 
about the behaviour of electrolytes in these 
solvents, and the increased importance of inter- 
ionic effects. However, in inert solvents of 
the hydrocarbon typo the position is very 
different. No free ions are formed in those sol- 


Later developments introduce some compli- 
cations into this Anew. Thus it is obvious that 

reaction exhibiting general acid or base 
catal3'sis is unsuitable for this purpose, since the 
observed reaction velocity will depend not only 
on the concentration of OHg^ or OH“, but also 
on the concentrations of other acid or basic 
species present in the solution. Fortimately 
there are a number of reactions which appear to 
exhibit specific catalysis by hydrogen or hydroxyl 
iom, and the most useful of these will bo 
described in this section. In another respect 
the modern theory has simplified the interpreta- 
tion of the measured velocity, since it is now 
believed that the velocity is closely proportional 
to the concentration of the catalyst, and not (as 
has often been supposed) to its activity. This is 
illustrated by the data already given in Tables 
III and IV. In some ca.ses it will be necessary 
to take into account the primary salt effect, but 
this is frequently small, and can bo allowed 
for or minimised by keeping the salt con- 
centration low. 

The Decomposition of Diazoacetic Ester. 
— In acid aqueous solution the following 
reaction takes place : 

CHN., COOEt+H.O 

-yCHa(OH)COOEt+N, 

and can be conveniently folloAved by measuring 
the pressure or volume of the evolved nitrogen. 
It has been shoAA'n (Uredig and Fraenkcl, Z. 
Elektrochom. 1905, 11, 525; Fraenkel, Z. 
physikal. Ohem. 1907, 60, 202; 'Spitalsky, Z. 
anorg, Chem. 1907, 54, 278) that the velocity is 
proportional to the hydrogen ion concentration 
in solutions of both strong and weak acids. 
Examples of the results obtained are given in 
Table X. 

Table X. — DEOOMtosiTiON of Diazoacetio 
EvSTer in Aqueous Solution (20°). 

Jfc=first-ordor constant, min.“^. 


vents and, in particular, there are no analogues 
to the hy^drogen or hydroxyl ions, since the 
solvent molecule is unable to pick up a proton 
or to spbt one off. Any catalytic behaviour 
observed in this typo of solvent must therefore 
be due to the molecules of the added acid or 
base, since there are no other catalysts present. 
A number of reactions have been shown to 
exhibit general acid-base catalysis in benzene 
and similar solvents, though more work is 
needed to clear up certain complications which 
arise in this type of medium (Bell and co- 
workers, J.C.S. 1936-41; summary given by 
Bell, Trans. Faraday Soc. 1938, 34, 229). 

( / ) The Use of Catalytic Measurements fob 
Determining Hydrogen- and Hydroxyl- 
Ion Concentrations. 


("atalyst. 

10«[OHa+]. 


k 

[OHg+i 

0 000900N. HNOj, . . 

9 09 

34.*) 

38 0 

0 00182N. HNOg . ■ 

18-2 

703 

38 7 

0 000304N. picric acid 

3 04 

140 

38 3 

0 000909N. picric acid 

0 00090N. w-nltroben- 

909 , 

355 

39‘1 

zoic acid 

lO-fl 

032 

37 6 

0 0182N acetic acid . 

5 03 

218 

388 


Measurements in buffer solutions agree with the 
assumption that the hydrogen ion is the only 
effective catalyst, provided that secondary salt 
effects are taken into acoount (c/. Table VTI). 
There is also an unusually large piimaiy salt 
effect, and a further complication arises from the 
fact that in the presence of many anions a second 
reaction takes place simultaneously, e,g, with 


Measurements of the velocity of a catalysed 
reaction have long been used as a method for 
determining the concentration of hydrogen or 
hydroxyl ions in a solution. According to the 
classical theory this determination is a very 
direct one, since the velocity is supposed to be 
a simple linear function of [OHg+J or [OH”]. 


chlorides, 

CHNjCOOEt-hH*-l-Cl 


CHjCI COOEt+N, 


This type o4 reaction has been found to take 
place in solutions of chlorides, nitrates and 
sulphates, but not of perchlorates and picrates. 



252 


HOMOGENEOUS CATALYSIS. 


Id spite of these complications the diazoacetio 
oator reaction haa been surceBafully used for the 
measurement of hydrogen ion concentrations, 
and hence of dissociation constants (r/. Bronated 
et at., Z. physikal. (.’hem. 1925, 117, 299; 1927, 
180.699; 1928,134.97). 

The Hydrolysis of Acetals. — These re- 
actions are of the tyj»e 

CHg CH (0B)2 f HgO CH 3 CHO-h 2ROH 

and arc; catalysed by acids but not by bases. 
They arc more suited to th<i measurement of 
hydrogen ion concentratioiiH than the hydrolysis 
of carboxylic esters, since these latter reactions 
jirodiice acid, which interferes with the system 
under investigation. A large number of different 
acetals have been investigated by Skrabal by a 
c“hemi( al method. (For summary ami refer- 
ences, see Skrabal, Z. Elektroehem. 1927, 33, 
n22.) The possibility of catalysis by undis- 
Hociatetl acid moleriules was carefully investi- 
gated by JJronsted and I'o-workers using an 
accurate and convenient dilatomctnc method 
(Brbnsted and Wynne-Jones, Trans. Faraday 
Soc. 1929, 25, 59 ; Bronsted and Grove, ,]. Ainer. 
(ffiom. Soc. 1930, 52, 1394). They found that no 
such effec t is detectable, and that there is no 
measurable “ spontaneous ” reaction. The first 
point is illustrated by the last four rows in 
Table V^Ill, w here a change in tlie concentration 
of formic acid from 0-02n. <0 0’3n, has no effect 
on the reaction velocity when the buffer ratio 
and the ionic strength are ki'pt constant. The 
n‘aetioii velocity is thus direc'tly proportional to 
the hydrogen ion concentration without any 
eom])Iication8, and by a suitable choice of acetal 
a wide range of concentratioiiH can be cov(‘red. 
Thus if k IS the first order velocity constant at 
20*^' (min.~^) and c the hydrogim ion concentra- 
tion, W'e have the following values of kje : 

Ethylacetal . 19 

Methylaeetal 3-92 

Ethyleneacetal 018() 

The primary salt effect is fairly large, but has 
been extensively studied (Bronsted and Grove, 
I.C.). 

The Decomposition of Diacetone Alcohol.— 
This is a reversible reaction, 

CH 3 CO CHJ C(CH 3 )jOH 2 CH 3 CO CH 3 

which, however, goes practically to completion in 
dilute aqueous solutions. It is catalysed by bases, 
but not by acids, and is accompanied by a large 
volume change, so that its velocity can con- 
veniently be foDowed by a dilatometric method. 
Data have already been given in Table IV to show 
the direct proportionality between reaction velo- 
city and hydroxyl ion concentration in solutions 
of NaOH. (For other data, see Freneh, ibid., 
1929, 61, 3216; Murphy, ibid. 1931, 68, 977.) 
An exhaustive study has been made of the 
primary salt effect in this reaction (Akerldf, 
ibid. 1926, 48, 3046; 1927, 49, 2955; 1928, 60, 
1272). There is no catalysis by water molecules 
or by the anions of weak acids, but primary and 
secondary (though not tertiary) amipes do exert 
a catalytic effect, and therefore the reaction 
cannot be used for determining hydroxyl ion 


concentrations in solutions containing these 
molecules. It is believed that this catalysis by 
amines is due to a specific chemical mechanism, 
and cannot be described as general basic catalysis 
(Miller and Kilpatrick, ibid. 1931, 53, 3217; 
Westheimer and Cohen, ibid. 1938, 60, 90 ; Ann. 
New York Acad. Sci. 1940, 39, 401 ; Westheimer 
and Jones, J. Amcr. Chem. Soc. 1941, 63, 3283). 

The Decomposition of Nitrosotriaceton- 
amine. — This is a first order reaction taking 
place according to the equation 

CHa-CMe, CHiCMe, 

1 I i 

CO N NO -V CO l-N.+ H.O 

I i I 

CHjCMe, CHiCMCj 

and its velocity can be conveniently studied by 
measuring the pressure or volume of nitrogen 
evolved (Chbbcns and Francis, J.C.S. 1912, 101, 
2358 ; Francis and Gcake, ibid. 1913, 103, 1722 ; 
Francis, Geake and Uochc, ibid. 1915, 107, 1651 ; 
Bronsted and King, J. Amer. Chem. Soc. 1925, 
47, 2523). The reaction velocity is directly 
proportional to the hydroxyl ion concentration 
up to about 0-5 n., above wliich concentration 
the reaction appears to be more complex. 
There is no eviclcnee of general base catalysis, 
though no investigatioiiH have been specifically 
directed to this point. 

The above four reactions are probably the 
most convi'iiiont for measuring h 3 "clrogen or 
hydroxyl 1011 concentrations. It should, however, 
be mentioned that for most purposes the inversion 
of sucrose and t/lio acid hydrolysis of carboxylic 
esters, both iu aqueous solution, can be regarded 
as examples of specific catalysis by hydrogen 
ions. It is a matter of some dispute how far 
uiidissociated acid molecules can exert a catalytic 
effect, but from a practical point of view such 
effects arc certainly very small. 

{g) Relations between Catalytic Tower 
AND Acid-Base Strength. 

If the catalytic effects of several acid species 
for a given reaction can be compared, it is 
natural to expect that they will bear some 
relation to the acid strengths of the various 
species, in the sense that the stronger acid will 
be the more effective catalyst. It has in fact 
been found that this parallelism is a quantita- 
tive one, and it is usually referred to as the 
Bronsted relation, since it was first formulated by 
Brdnsted and Pederson in 1924 as a result of 
their w^ork on the decomposition of nitramidc 
(Z. physikal. Chem. 1924, 108, 185). The 
relation can be WTitten in the form 

I^a^G^aA'J, or log I:A=log Ga+q log A'a- (19) 

where is the catalytic constant of a given 
acid catalyst, Aa its dissociation constant, and 
Ga and a are constant for a given reaction, 
solvent, temperature and series of similar 
catalysts. The constant a is always positive and 
less than unity. An exactly analogous equation 
holds for basic catalysis, i.e. 

tB=G'BX§. or log iB=log Os+fi log Kg . (20) 



HOMOGENEOUS CATALYSIS. 253 


Kb is here the ordinary basic dissociation con- 
stant of the catalyst as defined in equation (18). 
It is however convenient for many purposes to 
express the basic strength of the catalyst by 
means of the reciprocal of the acid strength of 
the corresponding acid. As shown in section (d), 
this will not alter the form of equation (20) or 
the value of the constant j9. though the value 
of (?B will be changed, and the equation can 
therefore be written 

or log A‘h=log (J'b~P log A" a (2 


n such detail as the two illustrated above, but 
;he available data indicate similar liehaviour for 
both acid- and base -catalysed reactions in many 
ither cases. 

Catalysis by the Hydrogen Ion, the 
Hydroxyl Ion and the Water Molecule should 
m principle be governed by the Bronsted rela- 
ion. It is not, however, easy to test this, since 
here is some difficulty in giving a satisfactory 
numerical measure of the acid- base strengtlis of 
he species OHj^ OH“ and HjO. By formal 
inalogy with the usual expression for the dis- 
lociation constant of an acid HX, i.e. 


The Brdnsted relation is analogous to sev’^eral 
other relations which have been found to exist ^ [HXT 

lietwcen reaction velocities and equilibrium can write 
constants, and some progress has been made . nmu-i 

towards a molecular interpretation of such ATaIH.O)— IIQH J 

regularities (c/. e.g. Hammett, Chem. Reviews, ^ 1^2^] 

1935, 17, 125; Trans. Faraday Soc. 1938, 34, 1 107x 10~^® at 18° 

160; Horiuti and Polanyi, Acta Physicoehim. 55-5 \l-79x 10"'® at 26° 

U.R.S.S. 1935, 2, 505; Bell, Proc. Roy. Soc. 

1936, A, 164, 414). However, there is no strict where 65-5 is the number of gram-molecules of 
theoretical basis for these relations, and their H^O in a litre of water. Similarly, the formal 


accuracy or range of validity can onlj’^ bo deter- 
mined by appeal to experiment. Actually the 
Bronsted relation has been found to hold without 
systematic deviations in all the reactions for 
which general acid base catalysis has be‘en 
established, though the closeness with which it 
is obeyed varies somewhat from case to ease. 
In the exact application of this relation to the 
experimental data it is necessary to take into 
account the so-callod aiatisiical effect, depending 
uxion the number of points in the catalyst mole- 
cule at which a proton can be lost or picked 
up. However, the application of this correction 
rarely has much effect on the degree of agree- 
ment w'ith the Brdnsted relation, and in any 
case the way in which it should bo applied 
in particular cases is often a matter of dis- 
pute, and is not discussed hero (c/. Bronsted 
and Pedersen, Z. physikal. Chem. 1924, 108, 
185; Brdnsted, Chem. Reviews, 1928, 6, 322; 
Pedersen, J. Physical Chem. 1934, 88, 581 ; 
'IVans. Faraday Soc. 1938, 34, 237 ; Westheimer, 
J. Org. Chem. 1938, 2. 431). 

examples of the validity of the 
Brdnsted relation arc shown in Figs. 2 and 3, in 
which tlie symbols p and q refer to the statiatiad 
effect mentioned above (c/. section c, jip. 249r 
and 250a). 

In *?ach case the logarithm of the catalytic 
constant is jilotted as ordinate against the 



ijKl) 


Fio. 2. — The Degomcosition of 
Nitramide. 

• BaKCK with tw^o positive eharprs, e,g. 

rCo(NHA(OH)l . 
i Jiascs with no eharRr, e.g aniline. 

O Bases witli one iieKativo eharftc, e. g. acetate ion. 
V Bases witli two negative eliarges, e.g. oxalate Ion, 


logarithm of the dissociation constant of the expression lor the acid strength of the ion 
corresponding acid as abscissa : cf. equation (21). OH^ ' is (c/. equation (10) for the ammonium ion) 
For the decomposition of nitramide (Fig. 2) the 

points lie well on four straight lines, one corre- |OH a~^]| HgO] 

sponding to each class of bases investigated. 3 fOHa^ ] t 2 J • ' / 

The concordance is good, and usually within the 

limits of the experimental error. The basic strengths of OH~ anti HjO are then 

For the mutarotation of glucose the agree conveniently measured by the reciprocals of 
ment is not so good for any one class of catalyst, these acid constants for their corresponding 
with the result that any difl'erences between the acids HjO and OHj^ These values cannot be 
classes as a whole are masked. As will be seen strictly compared with the corresponding ones 
from Fig. 3, the data for a very varied selection for other acids and bases, since they involve the 
of catalysts can be represented with moderate supposed volume concentration of HjO mole- 
accuracy by a single relationship. There are cules in wat^, a quantity which is clearly un- 
no other reactions which have been investigated suited for use in the calculation of a mass action 
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Kia. 3 . — Thk Mutaiiotation of Glucose. 


Key to IlguriiH: 4 IuhIkIhw, r> a-pitiollius 7 i)yri(liiio, 8 triiuothylacetale ion, 
propionate ion, 10 (|iilnoUne, 11 acetate ion, 12 i)li(*nylac('tatp ion, i:i 
glutaTnatc ion, 14 benzoate ion, IC o-toliiiite ion, 17 glyrollatc* ion, 18 
aspartate ion, 10 hlppurate ion, 20 formate ion, 21 a-alaninc, 22 inaiuldatc 
Ion, 22 salicylate ion, 24 o-chlorobenzoate ion, 25 ehloroaeetate ion, 20 cyano- 
aietate ion, 27 p-beiizobetaine, 28 HarcciHine, 20 lysine bytlroeblfimle, 30 
arginine liydrochlorliii*, .'ll snipliate Ion, 32 pioliiu', 33 diniethylglycine, 31 
betaine, 35 water 


constant : liowevor, tho \ iiIuch may servo to 
give a roiigli CHtimate ol the acid- base strengths 
conc'tTned. MoreovcT, m the caNC of oatalysis 
liy the water molecule the catalytic eonstanl for 
HgO has to be evaluated by dividing tlie 
“spontaneous” lelocity by the concentration 
of water nioleeiiles (O-'j-Ti), so that the latter figiiro 
enters into the calculation of both tlie catalytic 
constant and the acid-base strength, and the 


uncertainty attached to its nso may to some 
extent cancel out in the eornparison. 

Some of the experimental data for catalysis 
by liydroxyl ions and water molecules arc shown 
in Table XI. The water molecule is throughout 
acting as a base, and the calculated values of 
and ^'H 20 are obtained from erpiation (21)^ 
nsiiig values of G'b and p derived from the 
experimental divta for other basic catalysts. 


Tabi.e XI. — Gataly.sih iiv HiiiHoxvL Ions and Water Molecules. 


Kcactioii. 

1*H20 

A:oii— 

Oba. 

Calc 

Oba. 

Calc 

Decomposition of nitramide ^ . 

(i-8xl0-« 

8 2X 10-“ 

lOx 10® 

1 OX 10® 

Miitarotation of glucose ^ . 

obx 

(i-tiX 10-'^ 

3-8 X 10“ 

7-4x10“ 

lodinntion of acetone ® .... 

riOxKr^o 

8()xl()-^‘ 

1'5X10 

5-2 X I0« 

lodination of acetonylacelone * 

2 r»x ur* 

1 5x10-1® 

1-OX 102 

5-5x10® 

lodination of nionochloroacetone * 

5-8xl0‘“ 

2-0 X IO-« 

60X102 

1-5x10® 

lodination of monobromoaectone ^ 

2'JxlO-’ 

4-4 X 10-“ 

1-2x104 

1-0x10’ 

Bromination of dichloroacetone ^ . 

7-9 X ur’ 

30x 10-’ 

2-7x104 

1-4x10’ 

Bromination of acetoaoetic ester ® 

1-3 X 10“® 

4 3Xl0-“ 



— 

Bromination of acetylacetonc ® 

i-2xi(r» 

6-9x10-“ 





Bromination of acctoacetic acid ® 

l-4xl0-» 

6-6x10-“ 

_ 

— 


^ Marlics ai^ La Mcr, J. Amcr. Glieni. Soc. 1035, 57, 1812. 
- Lowry ana WilBoii, Trans. Faraday Soc. 1028, 42, 083. 

3 Bell and Lidwell, Proc. Hoy. Soc. 1040, A, 176, 88. 
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This calculation normally involves an extra- 
polation through at least four powers of ten, 
and hence no weight can bo attached to the 
presence or absence of exact agreement between 
observed and calculated values. In fact, the 
agreement to within a power of ten foimd for 
water catalysis is probably as good as can be 
expected, and conlijms the view that the 
“ spontaneous ” reaction is in fact due to basic 
catalysis by water molecules. On the other 
hand, there is in all cases (except in the mutaro- 
tation of glucose) a large systematic discrepancy 
for catalysis by the hydroxyl ion, and it is likely 
that this represents a real effect, i,e. that the 
Bruiisted relation is not applicable over the very 
wide range of basic strengtlis involved (r/. Bell 
and Lidwcll, lx.). 

The application of the Brdnsted relation to 
catalysis in non-aqueoua mlutions has been tested 
for a number of reactions and solvents. In 
many cases there arc no data available for the 


surface in a heterogeneous gas reaction, or of 
paramagnetic molecules in the conversion of 
para- to ortho-hydrogen. It was originally 
thought that catalysis by acids and bases was 
duo to some physical effect of this kind, which 
was vaguely connected with the supposed small 
size of the hydrogen ion or the high mobilities 
of hydrogen and hydroxyl ions. How'ever, 
modern views accept a much more “ chemical ” 
explanation, according to which catalysis by 
acids and bases is due to an acid base reaction 
hetwexn the catalyst and the substrate. This view 
leads to the same kinetic law's as the physical 
picture of catalysis, provided that the extent of 
of the reaction between the catalyst and the 
substrate is small, and that the catalyst emerges 
unchanged from that reaction. The catalyst 
is thus supposed to take an essential part in the 
reaction mechanism, and not merely to speed 
up an un catalysed pioeess. In confirmation of 


acid-base strengths of the catalysts in the 
solvents in question, and in such cases the 
strengths in water have been commonly used for 
comparison. This procedure is justifiable, since 
there is much evidence to show that the relative 
strength of two acids of the same charge typo 
is little affected by change of solvent : hence the 
use of strengths appropriate to another solvent 
will only have the effect of changing the value 
of the constant 0 in equations (19)-(21). 






Fig. 4.- -The Decomposition of Niteamide Eicj. 5 . — The Reakrangement of N-Bromo- 

IN ?a-CRESOL. ACETANILIDE IN CllLOROLENZENE. 


Figs. 4 and 5 illustrate the usual logarithmic 
plot for two catalysed reactions in non-aqueous 
solvents. In the decomposition of nitramide in 
m-cresol (Bronsted, Nicholson and Del banco, 
Z. physikal. Chem. 1934, 169 , 379) the basic 
constants (Am.u) were obtained directly from 
indicator measurements in the same solvent. 
On the other hand, in the rearrangement of 
N-bromoacetanilide (to give p-bromoacetanilide) 
(BeU, Proc. Roy. Soc. 1934, A. 143 , 377) the 
acid constants given (A’q) are those in aqueous 
solution. 

(A) The Mechanism of Acid-Base 
Catalysis. 

The term “ catalysis ” is often used to describe 
the promotion of a chemical change by some 
physical agency, as, for example, the effect of a 


this view, it is generally found that reactions 
catalysed by acids and bases do not take ])lare 
at all in the absence of catalysts (including 
catalytic impurities fortuitously present). As 
already indicated, the so-called “ spontaneous ” 
reaction in aqueous and similar solutions is not 
a truly spontaneous reaction, but depends upon 
acid-base catalysis by the solvent molecules. 
Further, the assumption of an acid-base reaction 
between catalyst and substrate provides a 
reasonable explanation of the existence of 
genera] catalysis by acids and bases, and of re- 
lations between catalytic power and acid-base 
strength. 

Substances commonly acting as substrates are 
such weak acids or bases that their acidic or 
basic propertitlb are barely detectable, and a 
simple acid-baso reaction l^tween catalyst and 
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subatrate will normally proceed to such a amaU 
extent that no obacrvable reault is produced. 
In an actual catalysed reaction the products 
of this initial acid- base reaction must be capable 
of undergoing some further change leading to an 
observable result For example, in the decom- 
position of nitraiiiide it is suggested that the 
basic catalyst acts by removing a proton from 
NH:NOOH, the tautomeric form of nitramide, 
forming the ion [N :NOOHJ~ which is unstable 
and dfcoinjioHCS rapidly. In other cases it may 
b(‘ iiecesH/iry to add another reagent to produce 
the reaction : e.f/. in the reaction of acetone 
Mith halogens (basic catalysis) it is believed that 
the effect of the basic catal^^st is to produce very 
small cpiantiti<‘H of the ion [CH 2 CO CH 3 ]~, 
which then reacts rapidly with the halogen. 

Acid base rt'actions (e.g. the neutralisation of 
ucuds and bases) usually take place at a rate too 
great for measurement, but it is believed that 
this is not always the ease for the reactions 
betw'een catalyst and substrate. Such slowness 
of reaction is associated with mcaomfrism, i.e. 
the existence of tw'o possible electronic struc- 
tures for the ion produced. This kind of be- 
haviour is met with in an extreme form in sub- 
stances known as pseudo-acids and pseudo- 
bases. For example, the normal form of nitro- 
methane has the structure CHg-NOg, and would 
not be- expected to ionise to any appreciable 
extent in the presence of sodium hydroxide. 
Actually it reacts completely with sodium 
hydroxide to give a salt, though the reaction 
takes place at a irieaHurable s]>oed. This is 

e 

because the ion formed is not CH 2 NO 2 , but 
has the alternative electronic structure 

CH2:N( o 

o 

The reaction with hydroxyl ions would not 
normally be classed as an example of catalysis, 
but the broiniiiation of nitroinethane is catalysed 
by bases like the acetate ion, and no doubt 
involves the formation of the same iiitromethyl 
ion.^ 

Jn many cases, however (particularly in acid 
catalysis), the reaction lietween catalyst and 
substrate is assumed to be a rapid one, and the 
products of this reaction then undergo further 
but slow transformation. It is often difficult to 
determine the relative rates of the succcpsive 
stages, and the matter is often eomplicated by 
the fact that acids and bases may take part in 
several stages of the observed change {e.g. 
Federsen, J. Physical Chem. 1934, 88, 681 ; 
Trans. Faraday Soe. 1938, 84, 237 ; Bell, Proe, 
Roy. Soe. 1936, A, 154, 414 ; “ Acid-Base Cata- 
lysis,” Oxford, 1941, C3iapter VI ; Skrahal, Z. 
Klektrochem. 1927, 88, 322). 

^ It was formerly assumed that hotli the neutralisa- 
tion and the brominatlon of iiitTo-paTafllns Involved 
the intermediate fomiatlou ot the aej-form, e.g. 

ch,n/° 

^OH 

However, it has been shown clearly (Pedersen, KhI. 
Paiiske Vld. Sclsk. Math.-fys. Medd. 1032, 12 , No. 1 ; 
J. Physical Chem. 1934, 38 , TiSl) tl^-t the evidence Is 
against the formation of uiidissociated aci-iiltro- 
methanc in these reactions. 


A very large amount of work has been done 
during the last twenty years on the mechanism 
of individual catalysed reactions (c/. Watson, 
“ Modem Theories of Organic Chemistry,” 2nd 
ed., Oxford, 1941 ; Hammett, “ Physical Organic 
Chemistry,” New York, 1940). The following 
examples are given of the kind of conclusions 
reached in two important groups of reactions — 
the prototropy of ketones, and the hydrolysis of 
esters — w'itliout going into the evidence on which 
these conclusions are based. 

(i) The Prototropy of Ketones. — A large 
group of tautomeric changes are commonly 
described as prototropic changes and can be 
represented by the general scheme 

HX Y:Z^X:Y ZH 

where X, Y and Z arc normally either carbon,, 
nitrogen or oxygen. The following are examples ( 

1111 \ 

HCC:0;^C:C0H 

1 I 

(kc‘lo-piiol) 

I I I 

HN C:0 ^ N:C OH 

I 

(luctani-lactlin) 

I I 

HC N:0 C:N OH 

I I 

(iiilroho-uonitrosu) 

III III 

HC C:C C;C CH 

I I I I 

( thrcc-carbou tautomcrism). 


All these reactions are catalysed by acids and/or 
bases, and the accepted inochanisms involve 
the addition of a proton at one point of the 
molecule and the removal of a protem from 
another point ; hence the term prototropic. 
In the iiilerconversion of a keto form and an 
enol form {i.e. of ketones or related compounds) 
the siqiposed mecihanisms are as follows, A 
representing an acid and B the corresponding 
base. 


Ba^ic Catalysis. 


^CH CiO+B ; 


r >a-6:oi 

|>C:C-0j 

L 


f yS-c-.o 
X e 
(^/C:C.C 

Acid Caialysisj 






C.C OH+B' 


^CH C:0+A \cH C^OH+-1-B 




II. 

^ \C:C OH+A'. 
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It will be seen that in basic catalysis the second 
stage of the reaction involves reaction with an 
acid, while the second stage of acid catalysis 
involves reaction with a base. Normally it is 
not necessary deliberately to add both an acid 
and a basic catalyst. In a hydroxylic solvent 
the solvent molecules can act either as acids or 
bases as required, while in a solvent not possess- 
ing acid-base properties the acid or base required 
in the second stage can be identical with the 
product of the first stage : i.e. A'— A and B'— B 
in the above schemes. 

The ion (I) formed in basic catalysis has been 
written with two different structures, differing 
only in their electronic distribution. In older 
views of the process it was supposed that the 
upper of these two structures was first formed 
from the ketone, and that it then changed 
rapidly into the lower structure. According to 
modern views these two forms have no separate 
existence, the. actual state of the ion being a 
resonanrf. hybrid (or mesoraeric state) of the tw'o 
classical structures represented by the formulae 
given. The excess negative charge is distributed 
between the carbon and oxygen atoms, and when 
the ion takes up a proton it may produce either 
the keto or the enol form. 

The actual interconversion of keto and enol 
forms has only been studied in a very few cases, 
and cannot observed in the case of simple 
ketones on account of the instability of the enol 
form. There are, however, a number of ob- 
servable processes which are closely related to 
the reaction scliemes given above. The ion (I) 
formed in basic catalysis i-eacts very rapidly 
with halogens, and many measiiromonts have 
been made on the halogenalion of ketones and 
related substances. The rate of reaction is 
independent of the nature and concentration of 
the halogen, being determined by the rate at 
which the ion (I) is formed by the reaction 
between the ketone and the catalyst. The rate 
of isotopic exchange between the ketone and a 
hydroxylic solvent containing deuterium is also 
determined by the rate of formation of the ion 
(1), and has been measured in a few instances. 
Fmally, in an optically active ketone of the 
structure R^KjCH-CO R, the rate of racemisa- 
lion mider conditions of basic catalysis will also 
be equal to the rate of formation of the ion (I), 
which is equally likely to revert to either optic^ 
antipode. 

The halogenation and racemisation of ketones 
was originally believed to involve the actual 
production of the enol form, which is known to 
react rapidly with halogens and which cannot 
retain optical activity. However, it is now 
believed that under conditions of basic catalysis 
the formation of the ion is sufficient for both 
halogenation and racemisation, the enol not being 
produced, in acid catalysis, on the other hand, 
formation of the ion (11) wiU not lead to either 
racemisation, isotope exchange or reaction with 
halogen, and under these conditions actual 
formation of the enol is necessary for any of 
these processes to take place. 

The above interpretation can be tested by 
comparing the rates at which the different 
processes take place under identical catalytic 
conditions. Under conditions of basic catalysis 
VoL. VI.— 17 


it has been shown in one instance that the rates 
of racemisation and bromination are identical 
(Hsii and Wilson, J.C.S. 1936, 623), and in 
another instance that the rates of racemisation 
and deuterium exchange are identical (Hsu, 
Ingold and Wilson, ibid. 1938, 78). Similarly, 
for acid catalysis the equality of the rates of 
bromination and racemisation has been estab- 
lished for two ketones (Ingold and Wilson, ibid. 
1934, 773 ; Bartlett and Stauffer, J, Amer. 
Chom. Soc. 1935, 67, 2580) and equality in the 
rates of bromination and deuterium exchange 
for another ketone (Reitz, Z. physikal. Chem. 
1937, 179, 119) : this would be expected if the 
equilibrium amount of enol is so small that the 
back reaction can be neglected. 

(ii) The Hydrolysis of Esters. — The 
mechanism of this important class of reactions 
has been formulated in a largo number of 
different ways. However, many of those differ 
only in a formal way, or in some details which 
cannot be tested experimentally. The schemes 
given hero represent one of the simplest possible 
formulations {cf. Day and lugold, Trans. Fara- 
day Soc. 1941, 37, 686). 

The hydrolysis of an ester by means of 
hydroxyl ions probably represents a specific 
reaction which is not properly classed as basic 
catalysis. It has been maintained {e.g. Dawson 
and Low'son, J.O.S. 1927, 2444) that other basic 
sjiecies such as the acetate ion can exert a 
catalytic effect, but the evidence for this is at 
best inconclusive. The probable mechanism for 
the reaction w ith hydroxyl ions can be written 

R^ 

\c— OR-fOH- ^ 

■ 


^C— OH + OR- 


R\© 

^C— O+ROH 

The first step of the reaction is in principle 
reversible, but since the second step goes to 
completion this reversibility is never observed. 
It will be seen that the bond between carbon 
and oxygen is broken (acyl fission), a supposition 
which is supported by experiments on oxygen 
isotope interchange and also by the retention of 
optical activity during hydrolysis when the 
group R is asymmetric. 

The acid hydrolysis of an ester, on the other 
hand, represents a true case of acid catalysis. 
Attempts to establish catalysis by species other 
than hydrogen ions in aqueous solution (Dawson 
and Lowson, ibid. 1929, 393) are difficult to 
interpret with certainty owing to the high salt 
concentrations used. However, there is good 
evidence that the reverse reaction (esterification) 
is catalysed by undissociated acid molecules in 
alcohol solution (Rolfe and Hinshelwood, Trans. 
Faraday Soc. 1934, 80, 935 ; Hinshelwood and 
Legard, J.C.Sf 1935, 587), and any proposed 
mechanism must therefore be consonant with 
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general acid catalysiH. The firut Htep can be 
written 

yC—Oli 4 A ^C— O HR 1 B 

whore A in an acid (which may bo the hydrogen 
ion) and B its coircsponding base. The further 
reaction of the ion formed takes place according 
to the scheme 

H\ a. 11' e 

)C— OHKfHjO^ ^C— OH,+ EOH 

O' 

This change need not take place as a simple 
himolecular reaction, but may involve pre- 
liminary fission of the ion. There are various 
liOHsihilities lor tliis detailed mechanism, which 
can in some cases be distinguished by the kinetic 
bidiaviour of the reaction, or by the optical 
behaviour (racemisatioii, retention of con- 
ligiiratioii or inversion) when U is asymmetric. 
The extent to which the difl'erent possibilities 
have licen realised in practice is discuBsed in 
detail by Day and Ingold {Lc.). Finally the 
ordinary acid molecule is formed by the reaction : 

R V ({, \ 

\C-OH-l A' 


where the acid- base pair A'-B' may or may not 
be the same as that involved in the first step of 
the reaction. All the stages given are reversible, 
and the mechanism therefore applies both to 
hydrolysis and to esterification in the presoiiee 
of acid eatnlysts. 


(i) Uthkh Types of I'ohitive (’atalysjs 
IM Solution. 

There are a number of instances of homo- 
geneous catalysis in solution which do not fall 
under the head of acid-base catalysis. In some 
of these enough is known about the ineehanism 
to show' that it dejiends on alkrvate oxidation 
and reduction of the catalyst, wliik* in otlu5r eases 
the existence of several valency states makes it 
probable that the same type of exfdaiiation 
holds. The following examjilea illustrate the 
kind of behaviour met with. 

The Decomposition of Hydrogen Per- 
oxide is eafalysed by iodide ions in neutral 
solution, the reaction velocity being directly 
proportional to thi' coiieentratioiis of hydrogen 
peroxide and of iodide ion. The reaction 
mechanism has been elucidated by a number of 
workers {see summary by Bray, Chem. Reviews, 
1932, 10, 172 ; cf. aho Liebhafsky and Moham- 
med, J. Amer. Ohem. Soe. 1933, 05. 3977). The 
following reactions can take place : , 




Hjj02+|-->HaO+IO- (slow) 

IO-+I-+2H+ -> Ib+H^O (fast) 
HjOa-f Ij <- 2 H^ + 2 I "-|-02 


In a solution containing originally only iodide 
Ions, reactions {a) only can take place to begin 
with. However, as soon as soeie iodine has 
been produced reaction {b) sets in, and after 


a very short time the velocities of the two 
reactions become equal, the net result being 
2H80a-y2H,0+0a. Since the reaction {h) 
has a much greater velocity constant than (a), 
the equilibrium amount of 1 2 is much smaller 
than that of l“. The reaction velocity is 
therefore given by v=-I[H202]LI“l. where l~ is 
practically equal to the original concentration of 
iodide ion. The velocity of reaction (a) can be 
measured separately by using solutions buffered 
to a moderate hydrogen ion concentration suffi- 
cient to prevent (6), and tlie velocity of iodine 
production is found to etjual the rate of decom- 
position of hydrogen peroxide in neutral solution. 

The Reaction of Hydrogen Peroxide 
with Thiosulphates is also catalysed by iodide 
ions. In this ease there is an iincatalysed 
reaction represented by 

H202-f2S202- + 2H* ->2H20 fS 40 e 

the velocity of which is proportional to 
[ HgOjll SjOg"], and independent of [ H ^ |. The 
addition of iodide ions causes an increase in 
velocity which is proportional to [HgOglfl”], 
and independent of both ISgO^^I and | H ‘ J. 
This is explained (Abel, Z. Elekiroihem. 1907, 
13. 5r)5) by the reaction scheme : 

H2O2+ I’ H2O+ 10- (Blow) 
IO-+2Sa03 f2H' | l +HgO (hiBt) 

The same reaction is catalysed by molybdii' 
acid, but in this (‘ase the products arc diflerent, 
the ehaiigo being 

4H2O2+S2O3 -v2SO, -I 2H^ + 3H20. 

The total rate of sulphate ])roduetion (which 
mist be disentangled from the tetrathionatc 
])roduetion mentioned above) is given by an 
equation of the form 

r (A-if/-2!H-^])LMo03]LS203--] 

being independent of the eoneontration of 
hydrogen peroxide. It is assuined that all the 
molybdate is converted immediately by the 
hydrogen peroxide into the permolybdate ion 
M0O5 , a small proportion of wffiieh reacts 
with the hydrogen ion to give HMoOg". Both 
the ions MoOg^ and HMoOj” oxidise the 
thiosulphate to sulphate at measurable but 
different rates, forming molybdate, which is 
immediately reconverted to permolybdate by 
the hydrogen peroxide (Abel, ibid. 1912, 18, 
705 ; Monatsh. 1912, 34, 425, 821). 

Catalysis by Metallic Ions is met with in 
many reactions, though the mechanism is 
usually a matter of speculation. Many of the 
ri'acUons involve oxidation or reduction, and 
in such coses the catalysing ion is normally one 
which can exist in more than one valency state : 
for example, it is well known that the decom- 
position of a hypochlorite solution to give oxygen 
is catalysed by cobalt salts, and it is supposed 
that the cobalt is alternately oxidised to the 
eobaltic. state and reduced to the cobaltous state. 
Other examples are the decomposition of hydro- 
gen jHiroxidc, catalysed by chromate ions 
(Spitalsky and Koboseff, Z. physikal. Chem. 1927, 
129); the oxidation of iodides by hydrogen 
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'peroxide, catalysed by iron and cop^r ions, 
molybdates and tungstates (Brodc, ibid. 1901, 
37, 257) ; the oxidation of sulphites by oxjgen, 
catalysed by iron and copper ions (Titoff, ibid . , 
1903, 45, 041); and the anodic oxidation of 
many substances, catalysed by ceric ions. A 
special type of behaviour is met with in some 
reactions of this kind, in that when two catalysts 
are present simultaneously, their effect is greater 
than the sum of their catah'tic effects when 
present singly. This behaviour is often referred 
to as promoter action. Examples are the eflfect 
of copper and iron salts in the reaction between 
persulphates and iodides (Price, ibid. 1898, 27, 
474), in the reaction between hydrogen peroxide 
and iodides (Erode, ibid. 1901, 37, 257), and 
in the reaction Ix^twecn sulphites and per- 
siilphatcs (Schilow and lluligin, Ch(5m.-Ztg. 
1913, 87, 512); also the effect of copper and 
mercuric salts in the oxidation of various 
organic compounds by coiu'cntrntcd sulphuric 
acid (Bredig and Brown, Z. physikal. C'hem. 
11K13, 40, 602). It is possible to obtain a general 
explanation of this promoter action in terms of 
in t€*r mediate compounds even w'ithout a know- 
ledge of the actual intermediate stages in any 
particular l ase (Spitalsky, ibid. 1926, 122, 257). 

Catalysis of Organic Reactions by 
Metallic Halogenides (notably of aluminium, 
iron and boron) constitutes a different class of 
homogeneous catalysis. There is of course a 
large mass of literature on preparative organic 
chemistry which deals w ith this type of reaction, 
but only a few exainjiles of recent work will be 
referred to in which evidence has been obtained 
of the mechanism of catalysis. The best known 
example is the Friedel-(hafUt reaction, in which a 
hydrocarlion (usually aromatic) is alkylated or 
acylated by alkyl- or acyl-halogenides in the pre- 
sence of aliirm mum chloride or other halogenides. 
It is now generally agreed (c/. Wertyporoch, 
Ber. 1931, M (B], 1375; Linstcad, (Jhem. Soc. 
Annual Hep. 1937, 84, 251 ; Nightingale, Chem. 
Reviews, 1939, 25, 329) that the first step con- 
sists of the addition of the aluminium chloride 
to the organic halogenides to give a complex 
wdiich is readily ionised, e,.g. 

RCI+AICl3->[R]nAICIJ- 


CH 

RC dH 

xl Ah " 

CH 

the aluminium chloride being regenerated by the 
reai'tion : 

AlCL- i -V AICI34 HCI. 

Of recent years boron Irijiuoride has been in- 
creasingly used in con junction with alcohols, 
ethers and esters as an alkylating agent for 
hydrocarbons. The meehanisrn assumed is 
similar, i.e. (Price and tUskowski, J. Amer. 

Chem. Soc. 1938, 60, 2499) 

R' 

U-" 

* |U'0->BF,r-(IU 

)0->BFj<^ 

r/ [R0->BF3]-+R'' 

where R is an alkyl group, R' cither alkyl, acyl 
or hydrogen, and the choice between the 
alternatives in the last stage dc[)eiid8 on the 
nature of the groups. The positive ion then 
reacts with the hydrocarbon as above. As in 
all mechanisms of this kind, it may' be left an 
open question whether the ion exists in 
the free state, or whether the complex under- 
goes ionisation in this sense on the ajiproaoh of 
the hydrocarbon. There is, however, a good 
deal of independent evidence of ionisation when 
BFj interacts with organic oxygen compounds 
(Meerwein and Pannwitz, J. pr. Chem. 1934, 
lii], 141, 123). Boron tnfluorido has also been 
found to catalyse another class of reactions, 
which are usually effected by means of basic 
catalysts, though acid catalysts have also been 
used (Hauser and Breslow^ J. Amer. Chem. Soc. 
1940, 62, 2385). Among these are the aldol 
condensation, sometimes followed by loss of 
water, i.e. 


Recent evidence of this has been provided by 
exchange experiments using radioactive chlorine 
(Fairbrother, J.C.S. 1937, 603). The positive 
ion or RCO'*' then acts as the alkylating or 
acylating agent, e.g. with benzene : 


R+ + 


CH 

H<^\ 



R 


CH 




CH 

- 


k<!:-o + -> 

(o) (b) 

R-c-{!;H-(t=o -> r(!:=(!:-<!:=o+h,o 

(!>h 

the Claisen condensation, 

<!:=o + Hi-d-o -> 

L ' 

(o) (fc) 

o=i-i-d=o + ROH 
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and the Mirhacl oondcnHation, 


K-C -C-C-O f HC 

I 

(a) (h) 

K— c— in— i:=o 

—i—c -O 


-i-o ► 


Jri the basic cataiysis of these reactions it is 
supposed that the eoinponent marked (b) loses 
a proton to the basic! catalyst, leavini.; behind a 
negatively charged carbonium ion which then 
reacts further, just as in the base- catalysed pro- 
totropy of ketones {we p. 2r»6c). In catalysis by 
Bf's. on the other hand, the catalyst is supposed 
to add on to the component marked (r), i.e. 

R (!:0+ BFj — K c! 0 -* BF, >■ 

(0 

IC-t[CO-^BFjl- 

subsequent reaction being due to the ion R ‘ . 

In addition to this wide range of reactions, it 
has been found that cU-tram isomerisation is 
also catalysed by BF3 (Price and Meister, J. 
Amer. Chein. Hoc. 1939, 61, 1595). The pro- 
posed mechanism is 

RCH RCH 

]| +BF3 — > I 

RCH RCH 

I 

BF3 

e 

followed by rotation about the single bond. The 
same equation is supposed to repn^sent the first 
stage in the alkylation of benzene by olefins 
in presence of boron trilluoride. 

As already mentioned at the end of section (d), 
boron trilluoride ranks as an acid if we accept 
the definition of an acid as an electron-acceptor, 
although it is not termed an acid if (as is usual) 
this term is restricted to proton -donors. It is 
therefore of interest that liquid hydrogen fluoride 
(an acid according to cither definition) has been 
found to act as a catalyst in many of the above 
reactions and rearrangements {rf. Simons, 
Archer and Randall, ibid. 1939, 61, 1821 ; 
1940, 62, 485). It is known that practically all 
organic compounds containing oxygen dissolve 
in liquid hydrogen fluoride with the production 
of ions (Fredenhagen, Z. anorg.* Chem. 1939, 
242, 23), and the mechanism of catalysis may bo 
assumed to take place along similar lines. For 
example, when benzene is alkylated by an ester 
in liquid hydrogen fluoride, the first stage is 

2HF-hR' COOR ->R' COOHj,++R++2F- 

and the ion R ^ then acts as an alkylating agent 
as before. 


( k ) Neoative Catalysis in Solution. 

Cases of negative catalysis (or inhibition) in 
solution are comparatively rare. It is fairly 
often found that the addition of small quantities 
of a substance may cause a considerable diminu- 
tion in the velocity of a reaction, but in most 
cases this is due to removal of a positive catalyst 
by a chemical reaction. For example, in the 
esterification of carboxylic acids in alcohol solu- 
tions the addition of small quantities of water 
decreases the velocity, ow’ing to the reaction : 

C2H6 OH3+ + H2O ^ C2H5 OH + OH3+ 

The effective catalyst is the solvated hydrogen 
ion CgHg OHg', in comparison with which the 
hydrated ion OH3 has a very small effer t (Gold- 
schmidt and I'dbjs Z. phvsikal. ("hem. 1907- 
60, 728; 1910, 70\ 027). the effect of the in- 
hibitor thus depends on the relation betweem 
its concentration and the concentration of\ 
positive catalyst, and the phenomenon would 1 
not usually be described as genuine negative . 
catalysis. In some cases the concentration of , 
the positive catalyst may be extremely small and 
its presen(!e may lie fortuitous. For example, 
the mutarotation of tetramethylglucosc is 
difiicult to arrest in most solvents, but does not 
take place in chloioform solution. This is 
attributed to the presence of traces of phosgene 
as an impurity, which reacts with and removes 
traces of catalysing amines, also jireseiit as im- 
purities (Lowny ct at., ,1.(J.S. 1925, 127, 1385, 
2883). Similarly, the inhibiting effect of 
gelatin on the decomposition of chloramine has 
been attributed to the formation of a complex 
with minute amounts of copper ions, which 
exert a positive catalytic effect (Bodenstein, Z. 
physikal. ("hem. 1928, A, 139, 397). 

A different type of negative catalysis is met 
with in a number of oxidation I'eactions, notably 
the oxidation of sulphites to sulphates by oxygen 
gas. This reaction has been studied by many 
w^orkers over a long period, but most of the 
modern work is due to Backstroin and his 
collaborators (Backstroin, J. Amer. Chem. Hoc. 
1927, 49, 1460; Btickstrom and Alyea, ibid. 
1929, 61, 90; Alyea, ibid. 1930, 52, 2743; 
Alyea and Jeu, ibid. 1933, 55, 575 ; B^lckstrom, 

Z. physikal. (Jhem. 1934, B, 2B, 122). The rate 
is independent of the oxygen concentration, but 
depends on the hydrogen ion concentration and 
is increased by very small concentrations of 
various metallic ions, notably Cu The rate 
is also greatly increased by illumination by ultra- 
violet light, the quantum efficiency of the photo- 
chemical reaction being in the neighbourhood of 
50,()(X). Both the thermal and photochemical 
reactions are greatly inhibited by the addition 
of small concentrations of various organic com- 
pounds (notably alcohols), and this is true both 
in the presence and absence of cupric ions, ft is 
now agreed that the oxidation consists of a 
chaiji react iont and that the action of the in- 
hibitor depends upon the breaking of the 
chains and the consequent shortening of their 
length. Since the chains in the uninhibited 
reaction involve the oxidation of many thou- 
sands of sulphite ions (as shown by the high 3^ 
quantum efiEiciency) the destruction of a very 
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small number of intermediates in these chains 
can produce a largo decrease in reaction velocity. 
It is assumed that the act of chain breaking 
involves the oxidation of the alcohol (or other 
inhibitor), and it has proved possible to detect 
the very small amounts of oxidation products 
formed, and to show that the rate at which they 
are produced agrees with the shortenmg in the 
chain length of the sulphite oxidation. 

There is still some difference of opinion as to 
the actual nature of the reaction chain. Most 
workers agree that the primary process is the 
jjrod notion of the singly charged ion SO," 
by loss of an electron from SO,”, as suggested 
by Haber (Naturwiss. 19111, 19, 450 ; Haber and 
Franck, Sitzungslj^'r. J’reuss. Akad. Wiss. 
Berlin, 1931, 250). The positive catalytic, effect 
of cupric ions is then explained by the reaction 

Cu +++SOa Cu'+SO,-. 

According to Haber the subsequent chain 
process is 

SO3-+O2+H2O+SO3 ->2S04"+0H f 

O H-f- SOj” —>■ SOg"“h O H~, etc. 

M'hei-o the chain c an bo broken by the oxidation 
of the inhibitor by the radical OH. Other 
writers prefer a mechanism involving hydrogen 
jHnoxide in place of the radical OH, while 
Backstrom (Z. physikal, Chem. 1934, B, 122) 
writes 


SOg-FOg-ySOs" 

S05"+2HS03-->2HS04-+S03- etc. 

the chain breaking being caused by oxidation of 
<hc inhibitor by the ion SO,", considered to 
have the structure 




© 

o 

0—0- 


Similar behaviour is met with in the oxidation 
of aldehydes in solution by gaseous oxygen, this 
reaction also being a chain reaction promoted by 
metallic ions and by ultra-violet light, and 
inhibited by alcohols (cf. Backstrom, l.c.). In 
this case, however, the position is more com- 
plicated, since the amounts of inhibitor oxidised 
do not agree with tho.se calculated on the basis 
of a simple chain -breaking mechanism. The 
literature contains many other examples of 
negative catalysis which have not been studied 
in detail, but which probably all depend on 
breaking of reaction chains. For example, the 
so-called “ activated oxalic acid ” (prepared by 
the action of potassium permanganate on an 
excess of ozabc acid) probably involves free 
radicals of long life, and its activity is greatly 
reduced by small concentrations of many 
oxidisable substances, notably phenols and 
certain dye-stuffs in concentrations as low as 
10 -’n. (Weber, ibid. 1934, B, 25. 363). 

Bibliography. — E. K. Kideal and H, S. Taylor, 
“ Catalysis in Theory and Practice,” Macmillan, 
1926; J. N. Bronsted, ” Acid and Basic 
Catalysis,” Chem. Reviews, 1928, 6, 231 ; 6.-M. 


Schwab, H. S. Taylor and R. Spent'e, “ Cata- 
lysis,” Macmillan. 1937 ; R. P. BeU, “ Acid- 
Base Catalysis,” Oxford, 1941. 
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HOMOGEN ISERS (r. Vol. IV, 295c). 
HOMOGENTISIC ACID, 



COjH 


I. 


2:5-Dihydroxyphenylacetic acid, m.p. (an- 
hydrous) 152-164°. 

The acid occurs in the urine of individuals 
suffering from alkaptonuria, the urine becoming 
brown on the addition of alkali in the presence 
of oxygen. It also occurs in the blood of 
alkapionuricB. The acid was first isolated and 
identified by Wolkow and Baumann (Z. physiol. 
Chem. 1891, 16, 241). 

To 100 ml. of urine 5-6 g. lead acetate are 
added, boiled, and the Ph adjusted to 5-6 by the 
addition of aqueous ammonia, and the lead salt 
allowed to crystallise. After recry stallisation 
under similar conditions the salt is decomposed 
with hydrogen sulphide. Penally the solution 
is concentrated under reduced hydrogen pressure 
and saturated with sulphur dioxide, the acid 
separating on cooling (G. Medesl A. 1934, 
206). 

The homogen tisic acid found in the urine 
probably arises from degradation of tyrosine 
and phenylalanine (0. Meubaucr, Chem. Zentr. 
1909, IJ, 50 ; L. Blum, Arch. exp. Path. Pharm. 
1908, B9, 273). Whether its presence is due to 
the failure of the alkaptonuric to destroy the 
homogentisic acid when formed, or to abnormal 
katabolism is not known (O. Gross, Bioehem. Z. 
1914, 61, J65; A. J. Wakeman and H. 1). 
Dakin, J. Biol. Chem. 1911, 9, 139; H. I). 
Dakin, ibid. 1911, 9, 151). 

According to Blum {l.c.) and E. Friedmann 
(Beitr. chem. Physiol. Path. 1908, 11, 304), in 
the conversion of tyrosine into homogentisic 
arid the side chain is first degraded., then a rela- 
tive change of position of the side chain and 
the hydroxyl group takes place, with a secondary 
oxidation concurrently ; finally a reduction 
occurs, 

CHjCH(NHj)COOH 
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According to Y. Kotakc (Chem. Zcntr. 1923, I, 
117) the change occurs as follows : 


r tyrosine | ^ --►I. 

^HjCOCOOH 

lloniogcntiHic acid may ho synthesiaed by 
heutmg (^miiol dimethyl ether diaaolvcd in 
enrhon diNulphide with ethyl chloroacetato and 
al 11 minium chloride and auliHequent demethyla- 
tion with fuming liydriodic acid and red phoa- 
phoruH (Osborne, J. Physiol. 1903, 29, 14; 
ihiumann and Frankel, Z. physiol. (3vem. 189.5, 
20, 224). Also from the*, allyl other of rpiinol 
monobenzoati' (0. Hahn and W. Stenner, ihtd. 
1929, 181, 88). 

Homogentisic acid passes into the lactone, 

y ^ \ 

HOCcH3< >co 

m.j). 191°, on luxating. The lead salt has m.p. 
214 215°, it is Holuhle. in 675 parts of water at 
20°. Ethyl ffitpi', m.]). 119-120°. 

Homogentisic acid readily reduces copper and 
silver salts; it gives a blue colour with ferric 
chloride and on distillation from ferric- chloride 
solution giv<‘s a substance, m.p. 89-90” (P. T. 
Morncr, ibid. 1921, 117, 67). It yields gcnitfiit 
acid (bydrocpiinoiic carboxjdic acid) on fusion 
with potassium hydroxide at 196-198°. With 
amines it gives characteristic colours (0. T. 
Mornei, ilnd. 1910, 69, 329). 

EMimaiion. — The acid may be estimated in 
milk and blood by precipitating the albumin 
With sodium tungstate and estimating the acid 
in the filtrate coloriractricallj^ with phospho- 
tungstic acid (H. Liob and F. Lanyar, ibid. 
1931, 203, 135; c/. H. P. Briggs, J. Biol. riiein. 
1922, 61, 453, and G. Katsch and E. Metz, 
Chem. Zcntr. 1928, I, 386). 

In urine the homogentisic acid may be esti- 
mated iodo metrically (H. Lieb and F. Lanyar, 
Z. ph^T-siol. Chem. i929, 181, 199; E. Metz, 
Biochom. Z. 1927, 190, 261). The method 
depends on the oxidation of homogentisic acid 
to the quinone with 0-05Y-iodine in bicarbonate 
or borax solution until a blue colour is obtained 
with starch. Providing no other interfering 
substances are present to react with the iodine, 
the method is quantitative. Addition of a large 
amount of sulphuric acid liberates the iodine 
which can be titrated with sodium thiosulphate, 
and where small amounts of homogentisic acid 
are present, addition of potassium iodide is 
advisable. The amount of thiosulphate in 
determining the amount of the acid in 10 ml. 
urine is about 0-2 ml. too small and this cor- 
rection must be added to give the true value, 
maximal error 0-5 mg. in 10 ml. 0‘05A^-bo1u- 
tions are used : 1 ml. thiosulphate is equivalent 
to 0*0042016 g. homogentisic acid. 

For further details on the identification and 
estimation of homogentisic agid, see Abden 
halden, “ Handbuch der biologische Arbeits- 
methoden,” Abt. 4, Toil. 5, i, 551 (1931). 


HOMOPHLEINE (v. Vol. IV, 336a). 

HO MOP I LOP 1C ACID, a-ethylbutyro- 
lactone acetic acid (H. A. D. Jow'ett, J.C.S. 
1901, 80, 1345), 

EtCH CH CHj COOH 

CO O CHj 

Oxidation of tsopilocarpine with permanganate 
gives homopilopic acid, and pilopic acid, 
and the former on fusion with potash 
yields a-ethyltricarballylic acid. The acid is an 
oil, b.p. 235-237°/20 mm. It has been sym- 
thesised by N. A. Preobrasbenski, A. M. 
Poljakowa and W. A. Preobrasbenski (Ber. 
1935, 68 [B], 844), and by Dcy (J.C.S. 1937, 
1057). These authors obtained the racemic 
acid in the solid form, m.p. 100°C. N. A. i 
Preobrasbenski and his colleagues have also ' 
synthesised d-homopilopic acid (Ber. 1935, 68 
[B|, 850). 

HOMORENON (r. Vol. I, 147d). 

HOMRA (?^ Vol. 11, 145d). 

HONEWORT, Porn Parsley {Fetroselinum 
aegetum), American names, Crypiolienia cana- 
densis, Eison Amonnim, an umbelliferous plant 
used as a salarl m China atul Japan. The leaves 
are also cooked and eaten as a vegetable, 
(/hung and Kipperton (Hawaii Agric. Exp. Sta. 
Bull, 1929, No. 60) leport the composition of 
marketable lcav(*s as : water, 89-53 ; protein, 
2-33; fat, 0-23 ; N-free extract, 4-37; fibre, 

1 -45 ; ash, 2-09%. Among mineral constituents 
of the leaves, Ca 0114, Fe 0 015 and P 0-06% 
are noteworthy. 

{Of. Murray’s “ New English Dictionary,” 
and Britton and Holland, “Dictionary of Eng- 
lish Plant Names,” 1886. The plant w'as 
behoved to cure a swelling, “ hone,” in the 
check.) 

A. G. Po. 

HONEY. The syrupy excretion of the work- 
ing bee {Apis mellifica) derived from nectar col- 
lected from flowers. It is deposited in the 
honeycomb cells as a reserve food-stock for the 
colony when external supplies are no longer 
available. The yellow syrupy fluid consists of 
nearly equal proportions of glucose and fructose 
with water and small quantities of nitrogenous 
matter, pollen, wax, mineral matter and acids, 
and occasionally sucrose and mannitol. Traces 
of alcohol are generally present. Honey also 
contains invertase, and possibly other enzymes 
derived from pollen, and traces of vitamins. 

The colour of honey varies considerably with 
the source of nectar, heather honey being a rich 
golden -yellow and clover honey a pale greenish - 
white. In stored honey the colour may change 
somewhat during processing or subsequent 
storage according to conditions adopted. The 
specific gravity of honey is largely controlled by 
climatic conditions, values quoted in the litera- 
ture varying from 1*10 to 1*46. The value 
ranges from 3*8 to 4*3. Honey is usually 
IsBvorotatory (-9 1 to --3*0°) although dextro- 
rotary samples occur. Heather honey may 
exhibit the property of thixotropy. A physical 
examination of such a honey is recorded by 
G. W. S. Blair (J. Physical Chem. 1935, 39, 
213). 
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Analyses of honeys show considerable differ- 
ences according to their place of origin. Ex- 
cluding obviously abnormal samples the follow- 
ing ranges of composition apply to honeys from 
all parts of the world ; 

/o 

Water 8-25 

Glucose 30-42 

Fructose 23-39 

Sucrose 0-4 

Ash 0-2-2-5 

The ratio fructose : glucose is regarded by 
some analysts as sufficiently characteristic to 
serve as an index of the purity of coininercial 
honeys. Thus Auerbach and Hotllander (Z. 
Unters. Nahr.-u. Gemissm. 1924, 47, 233) state 
that the ratio should be 106- 1 19:100 for genuine 
lioney and may be <90:100 in artificial honeys. 
This view is not generally upheld and analytical 
data from numerous sources throw doubt on the 
validity of this statement. In Italian honeys, 
for example, Canneri and Salani (Ann. Chim. 
Appl. 1935, 25, 397) find the ratio for a great 
many samples to lie in the range 101-113:100 
but also record others showing ratios up to 
168:100. 

The sucrose content of honey also .shows con- 
siderable variation, and although less than 1% 
in most European honeys it may reach much 
higher values under eertain coiuiitioiiH. A 
sample of Hungarian honey examined by Berko 
and Kardos (Mezdg. Kutat. 1937, 10, 177), in a 
season when the nectar flow was exceptionally 
high, contained more than 10% of siierose. 
Follett-Smith (Div. llepts. Dept. Agri<*. Ilrit. 
Guiana, 1034, 100) reports British Giiiana 
honey containing 8-67% of sucrose, the total 
sugars being 75*8% and the 4-23. It is said 
that bees fed on large proportions of sucrose 
invert only a portion of it and an abnormally 
largo amount remains in the honey. Honey 
eolleeted in the neighbourhood of (Mban sugar 
factories is reported to contain arlificAally in- 
verted sugar. Bees fed exclusively on glucose 
produce honey containing that sugar only. 
Certain varieties of Sumatra honey produced 
by Apis iiidica consist largely of glucose and 
fructose but contain neither sucrose nor dextrin. 
“ Honey,” without comb, made by an Ethiopian 
mosquito in tree hollows, is recorded by Villiers 
(Compt, rend. 1878, 88, 292) to contain : water, 
25-5 ; glucose and fructose, 32-0 ; mannitol, 
3-0; dextrin, 27-9; ash, 2-5%. The Mexican 
honey-ant produces “ honey ” consisting of an 
almost pure solution of fructose. The product 
from Polybia apicipennis frequently includes 
large crystals of sucrose. “ Eucalyptus honey,” 
made by an Australian black bee, is a thick 
syrup having a strong aromatic odour. ” Palm 
honey,” the concentrated sap of Juhma specta- 
hilis, is commonly utilised in Chile and differa 
from genuine honey in its high sucrose content. 
Schmidt-Hebbel and Toledo (Pharm. Zentralk. 
1938, 79, 633) record numerous analyses of this 
product, the notable figures in their average 
values being, water, up to 38%, and ratio 
sucrose : gluc«se+ fructose not less than 4 (the 
eorresponding values for Chilean honey are 
20% and 01 respectively). American honey- 


dew honey occasionally contains melezitose in 
considerable amounts (Hudson and Sherwood, 
J. Amor. Chem. Soe. 1920, 42, 116). This 
polysaccharide is also reported in conifer honey 
by T. von Fellenberg (Mitt. Lebonsm. Hyg. 
1937, 28, 139) who describes methods for its 
determination. 

Both conifer and honey -dew honey frequently 
contain dextrine (Hilger, Z. Nahr.-u. Genussm. 
1904, 8, 110; Haenle and Seholz, ibid, 1903, 6, 
1027). After removal of protein matter by 
tannic acid, dextrin is separated from honey 
by precipitation with ether from acidified 
alcohol ; it is strongly dextrorotatory, and 
probably accounts for the supposedly abnormal 
dextrorotation of honey sainples, long regarded 
as a definite indication of adulteration by 
commercial syrups. 

Small amounts of organic acids are commonly 
found in honey. Formic acid is said to ho 
added by the bees prior to cappmg the comb, 
and possibly explains the small tendency of 
honey to ferment. Recorded formic acid con- 
tents of honey range from 0-006 to 0 01%. 
Nelson and Mottem (Ind. Eng. (^4iem. 1931, 28, 
335), in an examination of very acid honeys, 
found acetic acid (up to 0 04%), citric acid 
(0-008%), malic acid (0 05%) and small amounts 
of succinic acid. 

Honey usually eontaiiiH traces of nitrogenous 
matter which is partly precipitated ou dilution 
with water. ITungariaii honey is said to contain 
peptones, globulin and some albumin, but not 
protaminoH, histones or albumoscs. A con- 
siderable proportion of the nitrogen compounds 
in honey exists in colloidal forms and, in the case 
of American honeys, these show an isoelectric 
I)oint in the neighbourhood of pn 4 -3 (Lothrop 
and Paine, Ind. Eng. Chem. 1931, 23, 328). 
The colloidal matter contains 8-11% of nitrogen 
and is closely related to the colour of the honey. 
Dark-coloured honey is of high colloid content 
and removal of the colloid by ultrafiltration or 
by clarification with bentonite improves the 
colour of the honey and in many cases its 
flavour and storage properties. Paine, Gertlcr 
and Lothrop record 0-08% of colloids in pale 
(clover) and 0-80% in d«,rk buckwheat honey 
(Ind. Eng. Chem. 1934, 26, 73). The non- 
colloids include a proportion of amiiio-aoids 
which react with glucose and fructose to produce 
dark melaninoid colouring matter (Watanabe, 
J. Biochom. Japan, 1932, 16, 103). The 
darkening of honey on heating or during storage 
is attributable to this reaction. 

It is not clear whether these nitrogenous 
colloidal substances arc essential constituents of 
honey itself or whether they are derived from 
pollen which is almost invariably present. 
According to Butcher (Food, 1935, 4, 169) water- 
insoluble matter in honey should consist only 
of pollen grains. These may be separated by 
flotation on a 39-50% solution of honey, 
Microscopical examination of the pollen is fre- 
quently of value in honey investigations. A 
detailed system of microscopical examination 
of honey is described by Zander (Angew. Chem. 
1935, 48, 147).# 

Enymes occurring in honey include invertose, 
catalase, amylase and diastase. Neither lactase. 
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proteaaes nor lipaacB have been detected. 
The invertase, which iH destroyed by heat- 
ing honey to 60", effects the slow hydrolysis 
of sucrose during storage of honey (Kardos, 
Z. Unters. Lebensm. 1938, 76, 354). Diastase is 
probably derived from pollen, and the diastatic 
activity of honey is often regarded as an index 
of its genuineness. Diastase is destroyed by 
beating honi'y to 70" for 1 hour. After 24 hours 
at 60" however the enzyme is still active. 

Cold-run or “ virgin ” honey is obtained by 
uncapping the comb with a warm knife and 
either allowing the syrup to flow out at ordinary 
temperature or, more rapidly, by means of a 
centrifugal “ extractor.” Extracted comb may 
be replaced m the hive for refilling by the bees, 
or warmed and pressed to remove residual 
honey. The product thus obtained is usually 
inferior in colour to cold -run honey. In the 
latter, inversion of sucrose takes place fairly 
rapidly during the first 10-12 days of storage 
and much more slowly afterwards. The changes 
are accelerated by high storage temperature, as 
also is the rate at which the colour deepens 
(Lynn, Englis and Milum, Eood Res., 1936, 1, 
255). The latter phenomenon is dependent on 
the decrease in stability of fructose with rise in 
temperature and the greater tendency to react 
with amino-acids to form coloured substances 
(V. G. Milum, Amer. Bee J. 1939, 79, 445). In 
general, high temperatures of processing merely 
facilitate changes which take place slowly at 
lower temperatun's, and do not introduce new' 
factors. Ereshly-drawn honey can be stored in 
darkness without change for some considerable 
time, but exposure to light accelerates sugar 
crystallisation. 

Fermentation of stored honey is uncommon, 
and is dependent on the water content and on 
storage temperature ; it is unlikely to occur at 
temperatures below^ 11" or above 26". Honeys 
of high w'ater, nitrogen, acid and ash contents 
are liable to ferment when stored at 11-18". 
According to Lochhead (Prog. Kept. Dominion 
Agric. Bact. Canada, 1934, 12) honey containing 
less than 17% of water does not ferment even 
after storage for a year. With 20% moisture, 
however, fermentation may occur at any time. 
Addition of 0-25-0-60% of sodium benzoate 
effectively prevents fermentation for a con- 
siderable jieriod. The alcoholic beverage, mead, 
has been made since very early days by the 
controlled fermentation of honey. A supple- 
mentary source of nitrogen for the yeast is 
now' usually added (Osterwaldcr, B., 1932, 858). 
According to Boussingault (Ann. Chim. 1872, 
|iv], 26, 362) the amount of carbon dioxide and 
of alcohol produced during fermentation is 
greater than w'ould be expected from the quan- 
tity of sugar destroyed. Neither ^cetic nor 
lactic acid is produced during fermentation and 
the diastatic activity of the honey remains 
unchanged. 

Honey is used medicinall}^ as a mild laxative 
for children ; it also acts as a demulcent, relieving 
dryness of the mouth and throat and facilitating 
swallowing. For these purposes honey is 
purified by warming and straining 4 ^jhro ugh warm 
flannel. The product is known as Mel depura- 
turn 


Nottbohm (Arch. Bienenkunde, 1928, 8 , 32) 
gives the following analysis of the ash of honey : 

(% of ash.) 

K,0. Na„0. CiO. MfO. P,0,. 

Blossom 

honey 30-50 5-5-10 0 2 1-8 0 1-5-2 1 1-6-12-5 
Honey - 

dew 

honey 52-57 3 -2-4 -3 0 5-1-3 0-7-2-3 6-6-9-5 

Paine, Gertler and Lothrop (l.c.) And that the 
separated colloids of honey include 2-9% of 
ash material. The ash of the colloids of sumac 
honey has the j)crcentagc composition : 

SiO,. FejOg. CaO. PjOg K^O. MgO. 

42-6 22-6 14-3 9-0 9-6 trace 

Spectroscopic examination of honey ash by 
Gorbach and W^indhaber (Z. Unters. Lel^ensm. 
1939, 77, 337) revealed the presence of Ca, Mg, 
Fe, Mn, P, Si, Cu and Ni in all honeys, but the 
spectrum region used, 210 ni/i to 460 m/x is not 
suitable for detecting the alkali metals Li, Na, 
K. Forest honeys frequently contained Ba, 
Ag, Pd, V, U, Ai. Ir, Co, Zn, As, Sn, Pt, Mo, 
and occuHionally Ti, Cr, K and Sr. Admixture 
of 1% of forest honey with floral honey could 
be detected by this meuns. 

The colour of natiirnl honey ajqicars to be 
related to the amount and (oinposition of the ash 
as well as to its N and colloid contents and to its 
diastatic; activity (sec above). Whether these are 
rclat(‘d or indej)endent phenomena is not clear. 
Schuette and Triller (Food Res. 1938, 8, 543) 
note a parallelism between colour and S and Cl 
contents and also between colour and Na and K 
contents {ibid. 1939, 4, 349). Lothrop and 
Paine {l.c.) also find that the percentage of 
nitrogen and the total ash in American honeys 
increaHCs wdth dejith of colour. Buttner (Z. 
Unters. Lt'bensm, 1935, 70, 475; 1938, 76, 351) 
records that the S content of floral honeys is 
extremely small, that of conifer hon(\y some- 
what greater (1 -3-7-3 mg. [as SO 4 ] per 100 g.) 
and that of synthetic honey may bo as high as 
36 mg. per 100 g. 

The vitamin content (A, /i, C and D) of 
honey is very small (Kifer and Munsell, J. Agric. 
Res. 1929, 89, 355). Griebel (Z. Unters. Lebensm. 
1938, 76, 417) reports that honey mainly 
derived from Mentha species contained 1-6-2 -8 
and that mainly from buckwheat 0-07-0-22 mg. 
of vitamin per gram. 

According to Dingeinanse (Acta brev. neerl. 
Physiol. Pharmacol. Microbiol. 1938, 8, 55) 
certain honeys contain a volatile oestrogenic 
substance which may belong to the propylcnc- 
phenol group. 

Much of the analyst’s interest in honey centres 
round the distinction between genuine natural 
and adulterated or purely synthetic honeys, the 
position bemg complicated by the fact that hot- 
processed honey may have lost certain of the 
characteristics of natural honey (enzyme 
activity, etc.) and taken on certain of the 
attributes of adulterated honeys. The cus- 
tomary adulterants are commercial 85 rTup 8 , 
starch sugars, invert sugars, molasses, etc. 
Commercially inverted sugars normally contain 
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by-products {e.g. furfuraldehydo derivatives) 
which give colour reactions with /3-naphthol or 
resorcinol. Fiehe's test (Z. Nahr,-u. Genussm. 
1908, 16, 75 ; see also Fiehe and Stegmiiller, 
Arb. Kais. Gesundh. 1912, 40 , 305 ; J.S.C.I. 
1912, 81, 943) is the most popular of this kind. 
This is carried out by treating the filtered and 
evaporated ether extract of honey with a solu- 
tion of resorcinol (1%) in 25% hydrochloric acid. 
An orange-to-red colour in^cates the presence 
of artificially inverted sugar. Genuine honeys 
normally give only a faint transient colour, even 
after processing at 60-65°. The reaction is 
more marked if the honey has been autoclaved 
110-115° (Moreaux, Ann, Falsif, 1936, 29, 22), 
Exceptional cases have been recorded in which 
genuine honeys give a positive Fiche test. 
Maihieii {ibid. 1938, 31, 97) considers that 
honey should not lie regarded as adulterated 
unless it gives a more marked teat than does 
genuine honey mixed with 2% of Hucrose. 

More recently the original Fiehe teat has been 
largely replaced by the phloroglucinol test for 
hydroxy met hy 1 furf u raldehy de . The techn i q ue 
is the same except that phloroglucinol replaces 
resorcinol in the acid roag(‘iit (Fieho and 
Kordatzki, Z. ITnters. Lebensm. 1929, 57, 468). 
The reagent gives no colour with pine honey, a 
temporary coloration with over heated honey, 
and a dec]) red colour and red-brow'ii precipitate 
with adulterated honey. 

jS-Naphthol used similarly gives a red-to- 
violet coloration with honey containing com- 
mercial invert sugar (Littcrsohoid, J.S.C.I. 1913, 
32, 376). 

llydroxjmiethylfurfuraldchyde may also bo 
detected and esliinated by VVeisa’ method (Z. 
enters. Lelx'iism. 1929, 58, 320), An ethyl 
acetate extract of the honey is treated with p- 
nitrobenzh 3 ’drazide in acetic acid. Lemon 
3’ellow crystals of the b^^drazone of the aldehyde 
arc formed, m.p. 206-208 ' (deconip.), and may 
be dried and w eighed. No precipitate is formed 
from genuine honey and that from heated 
honey is extremely small. 

Dextrina present in starch svriips may bo 
detected in adulterated honey by precipitation 
with methyl alcohol from a concentrated 
aqueous solution of honey. Alternatively^ honey 
is dissolved in glacial acetic acid (4-5 g. of honey 
ill 1 c.c. of acid) and dextrins if present in 
appreciable amounts separate from the solution 
(Raikov, Z. anal. Chem. 1939, 116, 40). Fiehe 
tests for dextrins in honey, after precipitation of 
protein matter with tannic acid, by addition of 
hydrochloric acid and alcohol. Pure honey 
remains clear under these conditions, whereas 
added starch syrup causes a turbidity. 

According to Elsdon (Analyst, 1938, 63, 422) 
added glucose may be detected by the lowered 
freezing-point of a 10% solution of honey. 

Adulteration of honey with molasses raay^ be de- 
tected by Beckmann’s tost for raffinose. Sucrose 
is readily determined by means of the reduemg 
power of honey before and after inversion. 
Although gross adulteration with sucrose may 
thus be shown, the sucrose content of genuine 
honey is itself variable over a considerable range 
and a limiting value indicative of adulteration 
is not easily decided. For similar reasons the 


diastatic activity of honey’, at one time taken as 
a criterion of purity, can no longer he regarded 
as trustw'orthy (Vansell and Freeborn, J. Econ. 
Entom. 1930, 23 , 428; Lampitt, Hughes and 
Rooke, Analyst, 1930, 55 , 666). Scliou and 
Abildgaard (Dansk Tidsskr. Farm. 1931, 5 , 89; 
Z. Unters. l.iebenBm. 1934, 68, 502) distinguish 
natural from artificial honey by differences in 
the ultra-violet absorption spectra. The curve 
for natural honey^a rises smoothly from A380 to 
220 mp whereas that of adulterated samplee 
shows a w^ell-defined maximum at 282-5 mp due 
to the presence of hydroxymethylfiirfuraldchyde, 
of which invert sugar may contain up to 5%. 

According to Gottfried (Z. Lhiters. Lebensm. 
1929, 67, 558) the formol titration of genuine 
exceeds that of ndiilternted honey. 

An ammoniacnl solution of silver oxide (Ley’s 
reagenl) on warming with a concentrated solu- 
tion of honey in w-ater gives a greenish coloration ; 
with adulterated samph's the liquid becomes 
dark brown or black (IJtz, Z. angew. Chem. 1907, 
20, 993). 

A. G. Po. 

HONEYSUCKLE PERFUME. There 
are a largo number of species of Loniccra (Fam. 
Caprifoliaceac), and in Provence the flowers of 
L. caprifoliwm, L. etui sea and L. gkjaniea are 
processed for the natural }KTfumo of honey- 
suekle. Ingolen (Parfums Franee, 1937, 15, 
299) obtained 3 3% of a green concretes extract 
from the flow’ers of L. giganlea, by extraction 
with light petroleum. From this 2-14% of 
essential oil was obtained, which had 0-9012 ; 
optically inactive; wj” 1-461.3°; ester value 
145-6. The perfume as sold is practieally entirely 
artifieial, with a little natural ylang-ylang and 
neroli oil. Linalool, geraniol, hydroxycitronellal, 
phenylethyj alcohol and similar bodies arc used 
in its prejiaration, but it (1 o(*h not in any way 
approach the perfume of the flower. 

E. J. P. 

“ HONTHIN.’* Trade name for keratinised 
tannin albuminate, used in treating intestinal 
eatarrb (Von Sztankay, Pharm. Zentralk. 1932, 
73, 630). 

HOOLAMITE (r. Vol. Ill, 21a). 

HOPCALITE {v. Vol. JJ, 347a; TIT, 19ft, 
20d, 21o). 

HOPEITE. Hydrated zinc phosphate, 
Zn3(P0,)g,4H20, 

crystallised in the orthorhombic system. The 
crystals are remarkable in consisting of an 
intimate zonal intergrowth of two modifications 
— a-hopeite and j9-hopeite — differing in their 
optical characters and in the rate at which water 
is expelled by heat. They are colourless, 
white or brownish ; sp.gr. 3-0-3- 1 ; hardness 3J. 
For many years hojieite was known only as a 
rare mineral from the zinc mine of Altcnlierg, 
or Vieille Montagne, between Lk^gc and Aachen ; 
but in 1907 it was found finely crystallised and 
in considerable quantity in a cave wdth bone- 
breccia and associated with ores of zinc and 
lead at Broken Hill in Northern Rhodesia. 
In 1916 it waf incorrectly described under the 
new name hibbenite from the Hudson Bay 
zinc mine near Salmo in British Columbia. 
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Parahopeite, from Broken Hill, Nort.hem 
Rhodesia, has the same composition as hopeito, 
but the crystals are triclinic with sp.gr. 3-31 
(L. J. 8pem*cr, Min. Mag. 1908, 15, 18). 

L. J. S. 

HOPKINSON PRESSURE BAR TEST 

{V. Vol. IV, 549a). 

HOPS {v. Vol. IT, 91r.). 

HORDENINE [p-(/9-(iiinetliylaminocthyl) 
phenol], 

HO CHjj CH^ NMea, 

was (liscovcred by I.^*gcr ((4)nipt. rend. lOOfi, 
142, 108) in malt culms. No hordeninc has 
been detected during the germinatiem of wheat, 
|)caM or lu])ins (cf. Kcilbcs, Ainer. C’heiii. Abstr. 
I93(i, 30, 7140) nor is it present in linger in mated 
barley (r/. Toripiali, Clieiii. Zentr. 1911, 1, 100). 
During the process of germination the amount 
ol hordeninc is saifl to be increasing until the 
1 1th day and then gradually diminishing (Raoul, 
(Viinjit. rend. 1937, 206, 15() ; rf. Torquati, l.c.). 
For liirther eonstituents of the malt germs, ttef. 
Tlashitani (.1. T(»kyo (_'hern. Soi-. 1919, 40, 047). 
Honlenme { Ankfil i tie) oi curs also in AnhaTonium 
speeicH (Spath, Monatsh. 1919, 40, 129; 1921, 
42, 203). For extraction of hordeninc from 
barle*y giTiris, fiee e.g, (laebc*! (Arch. Pharm. 1900, 
244, 430) or Raoul ((kunpt. rend. 1934, 199, 125 
the yield is stated to be 013% of the air-dried 
malt germs. Hordeninc forms eolourles.s orlho- 
rhonibie pn.Hins, m.|). 117 118 , b.p. 173- 1 71*^'/ 1 1 
mm., subliming at 140-150'. 3’he free* base is 
readily soluble in EtOH, 
soluble m HgO (7 m 1.000 [larts) and sparingly 
so in C(jHg, toluene or xylem*. It is a strong 
base, alkaline towards litmus and phenol- 
phthalein, and libera I es ammonia from its salts. 
It also n^dui'cs acid solutions ol KMnO^ in tlu 
cold, and iodii acid and annnoniaeal solutions 
of AgNOj on warming. 

The salts are crystallme : hytJrtH'hloruie^ in.)i. 
17(j-5-177-5^ ; hydrobromule, 173-174' itul 
phatf^ 209 “21 P, tndhiodide^ 229-230'' (179- 
180", Hashitani, l.c.). licnzoylhordcntnc, m.p. 
47-48" (see Leger, Conipt . rend. 1907, 144, 208) 
For colour reactions of hordeninc, sec Deniges 
(Bull. kSoc. ehim. 1908, (iv], 8, 780) and Labat 
(,r. I'harm. Chim. 1909, Ivi], 29, 433). 

By oxidation of O-methylhordenine witl 
KMnO^ anisic acid w^as obtained ((laebel, l.c. 
cf. IjCger, Compt. rend. 1900, 143, 910) and a Hof 
mann dt‘gradation of the same substance alfordei 
trimethylainine and vinylaiiisole (Ix'iger, ibtd 
1907, 144, 488). 

Hordeninc was first synthesised by a series 
reactions starting with phenylethvl alcohol 
(Barger, J.C.S. 1909, 95, 2193). Siiiee then 
numerous other syntheses have been efleitei^ 
(Rosenmund, Bcr. 1910, 43, 30G ; Ehrlich et ai. 
Ber. 1912, 45, 2428 ; Spkth and Sobel, Monatsh 
1920, 41, 77 ; Kindler et aL, Aniialen, 1923, 431 
220; Arch. Pharm. 1927, 266, 394; 1933, 271 
441 ; Raoul, Compt. rend. 1937, 204, 74 
G.P. 233069, 248385). 

Hordeninc salts have been employed as a 
remedy in cases of typhoid, dysentery, enteritis 
etc. For further details of its pharmacology 
see Rietflchel, Arch. exp. Path. Pharm. 1937, 186 
387. The nielhylurea derivative of hordenini 


hows myotic action (Stedman, Biochem. J. 
926, 20, 719). o-(j8-Dimothylaminoethyl) phenol 
hordeninc) has lieen synthesised by Von Braun 
,nd Bayer (Bcr. 1924, 67 [BJ, 193) ; its physio- 
)gical action is much weaker than that of 
lordeninc. 

Schl. 

HORMONES. The term hormone denotes 
, numlier of physiologically active substances 
secreted directly into the blood stream or the 
lymphatic system of animals by various organs 
named endocrine glands. These internal secre- 
ioiiH serve to regulate various functions of the 
>ody, often in a iiaii, of the body remote from 
heir source, and ver}^ Himill amounts of them in 
nost ensvs suftice for the purjiose. 

3hc defii'icncy of a given hormone gives rise to 
haracf eristic Hymjitoins in the animal — the 
ffeei of castration in domestic animals is a 
fainihar example — and these can usually be 
alleviated or ( ured by the administration of the 
nuro hormone, or of an extract containing it. 
The general principle of the biological assay of 
hormone preparations depends on the production 
•f such effects. 33ic l^*agiie of Nations Health 
Organisation (Quart, Bull. Health Organisation, 
I.eagiie of Nations. 1935. 4, 018; 1938, 7, 887) 
'las establisli(‘d standuids for the sex and pitui- 
tary hormones, some of which consist of pine 
rystallmc suhstanci's. 

Following upon the isolation of the pure 
hormones, the cbiuriical constitution of a 
lumber of tbem has been deti'rmined ; the 
•liemislry of llic most important honnoriCH is 
Hunimariscd below. 

Hormones of the Pituitary Gland (Hypo- 
physis). — The atilerior lobe of the pituitary 
gland produces a large number of borinones, 
and appears to act as a central co-ordinating 
lueclidfiiHin controlling the secretions of other 
mdocrine glands. The following glands are 
Icpendcnt on pituitary control : pancroas (in- 
sulin secretion), thyroid, parathyroid, the sex 
glands, and adrenal (medulla and cortex) ; there 
are also hormones controlling lactation, carbo- 
hydrate metabolism apart from insulin secretion, 
etc An im])ortaiit function of the pituitary 
gland is the control of growth, and acromegaly 
and gigantism, and also insufficient growth arc 
associated with disturbances of the hypophysis. 

Of the above hormones, those controlling the 
sex glands (gonadotropic hormones) have been 
particularly widely studied, although their 
chemistry has not been elucidated. Two effects 
on female animals can be distinguished, one the 
ripening of ovarian follicles, the other the for- 
mation of corpora hi tea ; in the male they pro- 
ducc spermogonesis and the proliferation of the 
interstitial cells. Although Zondek has given 
the names “ prolan A ” and “ prolan B ’’ to the 
substaiii'cs responsible for these effects, and 
materials, exerting mainly one or other of these 
effects, can be prepared, separation is difficult 
if not impossible. The beginnings of chemical 
study are made possible by the fact that preg- 
nant women excrete material with high hormone 
activity, derived probably from the placenta ; 
it may be noted that this secretion is utilised in 
the wddely used method for the diagnosis of 
pregnancy in its early stages (Aschheim -Zondek 
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test). The active material is obtained from 
urine by precipitation with phosphomolybdic 
acid, the precipitate is dissolved in ammonia, 
baryta water added and the hormone precipi- , 
tated from the filtrate by adding alcohol and 
ether (G.P. 588047). In U.S.P. 20;i5642 ; B.P. | 
406531, acetone saturated with benzoic acid is | 
added to the hormone solution acid with acetic | 
acid. The precipitate contains the hormone. | 
A later method is the adsorption of the active ' 
material on benzoic acid, followed by dialysis ; 
and prpci]>itation with tannic aei«l or other ' 
reagents ((liinii, Bachman and Wilson, .1. Biol. 
Chem. 1939, 128 , 525). Another important 
source ot gonadotropic hormones is the scrum 
ol iiregnant mares, from which a potent prejiara- 
tion can be obtained by removal of the inactive 
jirotcins with salicylsulphonic acid, followed by 
dialysis and precipitation with acetone (Binder- 
knecht. Noble and Wilhams, Biochcm. J. 1939, 
33 , 381). The active material is classed as a 
mucoprotcin and contains a carbohydrate- 
polypeptide complex. 

The secretion of prolans can lie influenced by 
the administration of the sex hormones proper, 
and H delicate balance between thorn is main- 
tained in the body (for an account, sef Ammon 
and Dirscheii, “ Fc.rmcnle, Hormone, Vita- 
mine,” Leipzig, 1938 ; Berblingcr, “ Ergebnisse 
der Vitamin- und HormonfoiHchung,” 1, 191, 
Leipzig, 1938). 

The posterior lobe of the pituitary gland is 
comparatively ])oor in horinones, w'hich are dis- 
tinguished as tlie pressor {pitiessin, vasopressin) 
wdiieh causes a rise in blood pressure, the oxytocic 
{pitocin) with an eflect on the irritability of 
uterine muscle, and the vielanophoriCy wdiich 


hydrolysis with baryta : thyroglobulin (or gland 
substance) is boiled for 5 hours with 10% 
aqueous baryta, and the filtered solution acidi- 
fied ; the acid-insoluble portion is re-hydrolysed 
for 18 hours with 40% baryta at 1(X)®, The 
insoluble barium salts yield thyroxine, obtained 
crystalline by acidifying an alkaline alcoholic 
solution wdth acetic acid at the boiling-point. 
Harington and Randall {ibid. 1929, 23 , 373) have 
shown that the aeid-solublc |>ortion of the 
hydrolysate contains 3:5-diiodotyroHine and 
that this and the thyroxine account for the 
w'hole of the iodine content of the gland (c/. 
MeyiT, “ h^irtschrittc der riiemie Organischer 
Naturatolfe,” II, 103, Vienna, 1939). 

Reactions. —A few milligrams of thyroxine in 
aqiieoiiH-alcoholic hydrochloric acid give with 
sodium nitrite a yellow^ colour which deepens to 
orange on boiling ; addition of ammonia pro- 
duces a rose-red colour. 'This test is character- 
istic of compounds containing the 2.6-diiodo- 
phenol grouping and is also given by diiodo- 
iyrosine ; both compounds also give the nin- 
hydrin reaction {v. Vol. I, p. 324/i). 

ftiological Assay . — Estimating the percentage 
ot the alkaline hydrolysate ol thyroid gland 
tissues which is insoluble at pn 5 (Harington) or 
extractable by butyl alcohol (Jjeland) is a 
reasonably accurate method of chemical assay. 
The biological tests depend on measurements of 
the incrcttHe m metabolism, the diminution of the 
liver glycogen conti'iit or the nceeleraiiiig eir(?et 
on the development of tadpoli's ; thi’ Keid-Hunt 
test measures the increusi^s in th'e resistance ot 
thyroid -treated mice to poisoning by ac-etonitrile. 

Const ilutton, — Thyroxine on catalytic reduc- 
tion loses its iodine, giving thyronine. 


controls pigmentation in some animals. Those 
hormones have been tolerably well separated 
from one another and characterised as belonging 
to the proteins. The same ajiplies to the 
anterior lobe hormoiicH ; their chemistry is other- 
wise obscure. 

Thyroid Hormone. — The essential nature of 
the thyroid hormone has been recognised tor a 
long time ; removal of the gland leads to symp- 
toms known as myxoedema, whilst goitre and 
cretinism have been traced to thyroid insuffi- 
ciency, usually due to an inadequate supply of 
iodine in the diet. Hyiierfunction of the gland, 
as seen in Graves’s disease, leads on the other 
hand to increase in the metabolic rate accom- 
panird by tachycardia, cxophtlialmia and 
nervous symptoms. 

The gland contains a gelatinous ” colloid,” 
which is a globulin -like protein (thyroglobulin), 
but it contains a comparatively large amount 
(0-6%) of iodine ; indeed, nearly the whole of 
the iodine content of the body is concentrated 
in the thyroid gland in a non-ionisablc fc^m. 

Extraction. — The physiologically active iodine- 
containing portion of the thyroglobulin mole- 
cule w^as isolated by hydrolysis of thyroid gland 
tissue with sodium hydroxide (Kendall, J. Biol. 
Chem. 1919, 39 , 125) in the form of the crystal- 
line thyroxine, Ci 5 Hji 04 Nl 4 , m.p. 231-232°, 
which has the characteristic physiobgical 
activity of the thyroid hormone. The yield of 
thyroidnc was greatly improved by Harington 
(Biochem. J. 1926, 20, 293), who used stepwise 


CuHi.O^N. 

This has been degraded by fusion with potash to 
oxalic acid, ammonia, p-hydroxybenzoic acirl, 
qiiinol, and a phenol which was shown by syn- 
thesis to lie p-(p'-hydroxyphcnoxy)-toluene. 
This, and the degradation of thyronine by ex- 
haustive methylation and graduated oxidation 
show that it must have the structure (I), which 
has been confirmed by synthesis (Harington, 
Biochem. J. 1926, 20, 300). 

Thyroxine itself gives on alkaline fusion pro- 
ducts of the pyrogallol type and no p-hydroxy- 
bonzoic acid, from which it follows that 2 atoms 
of iodine must bo adjacent to the hydroxyl and 
two more must be in the second ring. This, and 
the analogy with diiodotyrosine leads to the 
formula (II) for thyroxine. 




;HjCH(NH,)cOsH 


)CH,CH(NH,)CO,H 


I I 


This structure is confirmed by the exhaustive 
methylation* and oxidative degradation of 
thyroxine. The synthesis of thyroxine (Haring- 
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ton and Barger, ibid. 1027, 21, 169) was carried 
out as IbllowH : 


Meo/ \nO, 


// ^ // \ Several 

MeO(^ / O v >^^2 ^ 

\ / ^ _y ht.ftges 


// \ / \ Ifippiirk’ 

MeO, >0 / >CHO ^ 

V / \ y/ RCUl 


Meo/ 'yH;C(NHB2)CO,H 


OH^ \-0-(^ \cH/CH(NHj)COjH 

lo II) 

11 . 

NH., 


appears to be akin to insulin, but nothing is 
known of its chemistry. 

Pancreatic Hormone. — The hormone of the 
pancreas is insulin (i/.v.). 

Secretin. — The mucous membrane of the 
small intestine gives on extraction with acids a 
preparation which, when injected into the blood 
stream, causes a secretion of pancreatic juice 
(Bayliss and Starling, .). Physiol. 1902, 28, 325). 
The active compound, secretin, is a complex 
polypeptide of unknowm constitution (cf. Agren, 
J. Physiol. 1938-39, 94 , 553; Niemann, Proc. 
Nat. Acad. Sci. 1939, 25, 207). 

CEstrogenic Hormones. — Substances cap- 
able of inducing the phenomena ofrestrus (heat) 
in ovariectomiHt‘d animals have been isolated 
from a variet y of sources, but principally ovaries, 
j)lac<*nta and jiregnancy urine 

Biologira! Assay . — This is genera lly carried out 
by the vaginal smear method of Allen and Doisy 
(.). Amer. Med. Assoc. 1923, 81, 819). 

Isolahoji . — Pregnancy urine is extracted with 
ether, the extrait evoporated, the residue dis- 
solverl in methyl alcohol and shaken with light 
petroleum. 33ie alcoholic solution is diluted 
and extract(‘d with ether, the extract again 
evaporated and subjected to jiartition between 
00% alcohol and bi'iizene. The alcohol .solution 
contains mainly a'striol, the benzene solution 
a'stione. The crude hornuuu's are subjected to 
hydrolysis with hydrochloiic acid; their ether 
solution is then freed from acids with sodium 
carbonate, and extracted w ith sodium hydroxide. 


The penultimate stage involves simultaneous 
domethylation, loss of tJie benzoyl group and 
reduction of the double bond. 

Thyroxine was resolv'ed (Harington, ibid. 1928, 
22, 1429) and the /-(-)torm, m.j). 235-236^ 
— 3-5” proved to be physiologically some- 
what more active than the racemic, which is 
obtained by the alkaline hydrolysis of thryoid 
tissue ; the active form was later obtained from 


This removes the liormonee, leaving the inactive 
pregnanediol in the ether; the hormones arc 
finally reprecipitated with acid and taken up in 
ether. Q^strone is distilled in a high vacuum, 
W’hilst cestriol is precipitated from an alcoholic 
solution by means of ether (Biitcnandt and 
Hildebrandt, Z. physiol. Chem. 1931, 199 , 243). 
A laf-cr method (Cohen and Marriaii, Biochem. #1. 
1930, 30, 57; Cohen, Marriaii and Odell, ibid. 


thyroglobulin by intensive peptic digestion, 
followed by tryptic digestion (Harington and 
Salter, ibid. 1930, 24, 450). Both it and the 
physiologically inactive l-(4 )-diiodotyro8ine arc 
constituent amino-acids of thyroglobulin ((3ut- 
ton, Harington and Yuill, ibid. 1938, 32, 1119) ; 
in configuration /-( — )-thyroxinc is related 
to i-( — )- tyrosine (Canzanelli, Harington and 
Randall, ibid. 1934, 28 , 08). 

The active hormone of the thyroid cannot be 
thyroglobulin, because thyroid preparations arc 
active when administered by the mouth to 
thyroideetomised individuals, and in Harington ’s 
view it is probably a peptide containing both 
[-(—) -thyroxine and l-(+)-diiodot 3 rroBine. 

Clinically, thyroid preparations (dri(?d gland 
or synthetic thyroxine) are used in the treat- 
ment of myxtedema and other cases of thyroid 
insufficiency and also of obesity, owing to their 
capacity for increasing the metabolism, par- 
ticularly that of proteins. 

Parathyroid Hormone. — The parathyroid 
gland controls the calcium metabolism of the 
body by means of a special hormone ; removal 
of the gland leads to symptoms known as 
tetany, which can be alleviated by administra- 
tion of calcium and of extracts of the gland 
(Collip). The hormone is not dialysable, it 


2250) involves concentration of the urine to 
onc-eighth and extraction at pn 2-5-3 0 w^ith 
butyl alcohol after saturation with salt; the 
hormones can be extracted with alkalis and 
purified, the cestriol being obtained as the sodium 
salt of the glycuronide {see below ) ; more usually, 
this complex is broken up by acid hydrolysis. 

Girard and Sandideseo (Helv. Chim. Acta, 
1930, 19 , 1095) describe the isolation of erstrone 
from the crude concentrate, obtained by solvent 
extraction of the urine of pregnant mares, with 
the aid of Girard’s n'agent T {q.v.). The kotonic 
constituents are i.solated in this w^ay and can be 
further split up into phenolic (oBstrone) and non- 
phcnolic compounds by means of alkali. 

The first erystalline compound to be isolated 
by three groups of workers was (Bstronej^ 
CiRHajOa (Doisy, Velcr and Thayer, Amer. 
J. Physiol. 1929, 90 , 329 ; Butenandt, Naturwiss. 
1929, 17 , 879; Dingemanse, do Jongh, Kober 
and l.^queur, Deut. med. Woch. 1930, 56, 301) 
from human pregnancy urine. Later it was 
found that mstrone is even more abundant 
in the urine of pregnant marcs, in which it 

^ A variety of names W’cre given to the different 
preparatioiia, such as theelin, folliculin, etc., and there 
was Boiiie uncertainty about their proper formulation, 
but in the present account these historical details arc 
omitted. 
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is accompanied by several related compounds, 
equilin, equilenin and (?) hippulin (Girard, 
Saiuliileseo, Fridenson and Rutgers, Ckunpt. 
rend. 1932, 194, 909 ; 195, 981 ; Girard, San- 
dules(‘o, Fridenson, Gaudefroy and Rutgers, 
ibid. 1932, 194, 1020), which can be derived from 
cDstrone by the loss of 2 or 4 atoms of hydrogen. 
Following the observation of Zondek that the 
urine of stallions also contains cestrogenic 
material (Nature, 1934, 133, 209, 494), pure 
opstronc has been isolated from this source 
(Deulofeu and Ferrari, Z. physiol. Gheni. 1934, 
226, 192; Hauslor, Helv. Chim. Acta, 1934, 17, 
531) and from the urine of normal men (Dmge- 
innnse, Laqueur and Muhlbock, Nature, 1938, 
141, 927); and the occurrence of mstrone in 
material of purely botanical origin (palm kernel 
oil) has been shown by liutciiandt and Jacobi 
(Z. physiol. Chem. 1933, 218, 104). 

The alcohol opstriol, Cij,H2403, was isolated 
from human pregnancy urine by Marrian 
(J.S.C.I. 1930, 49, 237, 515; Biochem. J. 1930, 
24, 435, 1021) and converted into (estrone by 
dehydration (Huteiiandt and llildebrandt, Z. 
physiol, (.'hem. 1931, 199, 243; Marrian and 
Haslewood, lliochem. J. 1932, 20, 25). It was 
detected in female uillow catkins (Skarzyriski, 
Nature, 1933, 131, 760). 

An even more pcjtent a*Htr(jgon w^as isolated 
from sow’s ovaries (MeCorquodale, Thayer and 
Doisy, l*roc. Soc. Exp. Biol, and Med. 1935, 32, 
1182 ; J. Biol. Chem. 1936, 115, 435) and proved 
to be identical with the lower-melting or a-form 
of n'stradioly the two epimeric forms of which 
result from the reduction of the? carbonyl group 
of (listrone (Schwenk and Hildebrand Natur- 
wisa. 1933, 21, 177; VV'inter.steiner, J. Amer. 
(Jhem. iSoc. 1937, 59, 765). The ^-diol, together 
with the corrc's ponding alcohol derived from 
equilenin, was found to be a constituent of 
“ 3 follicular hormone ” obtained from the urine 
of pregnant mares (Wintersteiner et al., J. Amer. 
C-heni. Soc. 1936, 58, 2652 ; J. Biol. Chem. 1937, 
119, cvii). 

Water-soluble complexes containing ocstriol 
have been isolated from the placenta and from 
pregnancy urine {(tnimnin or (Bstriol gly- 
curonide) and mares’ urine (ojstrone conjugated 
with sulphuric acid). Nearly the whole of the 
oestrogenic material of pregnancy urine is 
excreted in this combined form, doubtless 
because the complexes are less toxic to the 
organism ; they exhibit only a fraction of the 
oestrogenic potency of the hormones themselves 
when injected into the blood stream, but are 
almost as potent when administered orally. 

Properties. — (Estrone^ 3 - hydroxy - 17 - keto- 
^1.3 s.oegtratriene,^ crystallises in 3 forms: 

^ The nomenclature la based on the hydrocarbon 
cestrane 



(Adam, Danlelll, Dodds, King, Marrian, Parkes and 
Rosenheim, Nature, 1933, 132, 205). 


m.p. 254° (rhombic metastable), m.p. 256° 
(monoclinic metastable) and m.p. 259° (rhombic 
stable), and has [al|^ -fl70° (in dioxan). The 
acetate has m.p. 126°, the benzoate m.p. 218-219°, 
the methyl ether m.p. 168-5-169", the ox^me 
m.p. 241-242° (corr.), the semicarbazone 
( l-JIHjO) m.p. 266-267“ (corr.). 0 Ipg. ofoestrone 
constitutes one international unit of oestrogenic 
activity. 

a - (Estradiol^ 3:17 - dihydroxy - A ^ * “-mstra- 
triene, has m.p. 176-178° (corr.), [ajj, H-81° (in 
alcohol) ; the 3-ocflate has m.p. 136-5-137-5'’, 
the n-acetate, m.p. 215-217 5° (corr.) and the 
diacetate m.p. 127“. The physiological activity 
of a-a*Htra(l]ol is higher than that of mstrone 
and is enhanced by esterification (Micschcr, 
8cbolz and Tschopp, Bio(“hcm. J. 1938, 32, 726). 

^-(Estradiol has m.p. 220-223° (corr.), [al^, 
-154“ (m dioxan; the diacetate has m.p. 139- 
141-5° (corr.). 

(Estriol, 3:16:17-tnhydroxy-A^'‘'^ ®-(eHtratrienc, 
has m.p. 281° (c(ut.), [a]j> 161° (in alcohol); 
the triareAale has m p. 126°, the methyl ether m.p. 
162-5-164° (corr.). 

Equilin^ 3-hvdroxy-17-keto- ^ ® ^-mstratc- 

tracnc, has m.p. 238-240", [a],, 1-308" (in dioxan) ; 
the benzoate has m.p. 197-198°, the methijl ether 
m.p. U)0-5-161-5“. 

Pippulin has m.p. 233" (corr.), |a]j, -1 128° (in 
dioxan). 

Eqnilen in, 3-hydroxy- 1 7 -keto-A^ ^ ® ® “-(X'stra- 
peiitaene, has m.p. 258-259° (corr.), [aJi, -I 87° 
(ill dioxan), and forms nnacetate, m.p. 156-157°, a 
benzoate, rn.p. 222-223“ (corr.) and a methyl ether, 
m.p. 197-198° (corr.). 

dolour Reactions. — The natural testrogens give 
with sulphuric acid an orange colour (Marrian), 
with a Huorcsccnce which is green with (nstrono 
and cjestriol, blue with a^stradiol (Schwenk and 
Hildebrand). Kober modified this test by add- 
ing phenol to the acid, and several colorimetric 
methods of estimation were based on this test 
((^ohen and Marrian, ibid. 1934, 28, 1603; 
Pincus, Wheeler, Young and Zahl, J. Biol. 
Chem. 1936, 116, 253; Zinimcrmann, Klin. 
Woch. 1938, 17, 1 103) ; the most useful of these 
is Kober’s modified test, using a-iiaphthol in 
jilace of phenol (r/. Biochem. J. 1938, 32, 357). 

('onstitution. — The structure of cestrono was 
ascertained as follows : the general type of ring 
structure and the presence of two active groups 
at opposite ends of the molecule were deduced 
from a crystallographic study of ccstrone and 
ocstriol by the JiT-ray method (Bernal, J.S.C.l. 
1932, 51, 259), and by an examination of their 
monomolecnlar films (Adam, Danielli, Hasle- 
wood and Marrian, Biochem J. 1932, 26, 
1233). Marrian and Haslewood (J.S.C.l. 1932, 
51, 277) suggested a structure based on that of 
the sterols, which was further elaborated to (1) 
by Butenandt (Nature, 1932, 180, 238) and this 
was confirmed by later work. Thus, cBstriol (II) 
gives on fusion with potash the acid (III) 
(Marrian and Haslewood, l.c.), which is de- 
hydrogenat^ by selenium to the phenanthrol 
(IV) and the latter is converted into 1:2- 
dimethylphonanthrene (V), identical with a 
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synthetic specimen (Butenandt, Weidhch and 
Thompson, Ber. 19S3, 66, fB], fiOl) : 


O 



I. 

OH 



111 . 




Me Me 



/ 



Zn 

IV. 



Later, 1: 2-dimethyl- 7-phenauthrol was syn- 
thesised by Haworth and Sheldrick (J.C.S. 1934, 
864). Final proof of the skeleton assigned to 
cestrone and eqiiilenin was afforded by Cook 
and Qirard (Nature, 1934, 183, 377) and Cohen, 
Cook, Hewett and Girard (J.C.S. 1934, 663) by 
converting the methyl ethers of these com- 
pounds, after reduction of the ketone group, into 
the same methoxy- compound, which was 
synthesised : 


(Cohen, Cook and Hewett, ibid. 1935, 446). A 
similar pinacobc migration occurs when (estradiol 
methyl ether is dehydrated : the product on 
dehydrogenation gives a mothoxy-compound 
analogous to (VI), but with only one methyl 
group in position 17. 

Equilin has been dehydrogenated to cquilenin 
with palladium black, showing that the skeleton 
and the position of the functional groups are the 
same (Hirscherl and Hanusch, Z. physiol. Chem. 
1935, 238, 13 ; 236, 131) ; as the absorption 
spectrum of equilin is similar to that of more 
cestrone, the additional double bond is not 
conjugated with those of the benzene ring and 
probably occupies the position 7:8 (Cook and 
Roe, J.S.C.l. 1935, 54, 601). 

Origin of the (Estrogens . — Following Butenandt, 
it is commonly assumed that the oBstrogens are 
formed in the body by a degradation of choles- 
terol involving the removal of the side-chain and 
partial dehydrogenation of the resulting com- 
pound. This view receives support from the 
definite (estrogenic activity of testosterone and 
isoandrostenediol, which might be expected to 
undergo such a dehydrogenation in the body ; 
it is also in keeping with the occurrence of 
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• androgenic subatances in the ovar}^ and of 
oeatrogena in the testis, but is nevertheless purely 
speculative. The metabolism of steroid hor- 
mones generaUy is discussed by Marker (J. 
Amer. Chem. Soc. 1938, 60, 1725). 

SyyUheeis of (Estrogens. — A feebly oestrogenic 
compound was prepared by heating the de- 
bromination product of dibromoaudrosterone, 
when a phenolic substance was produced with 
loss of methane; the substance is isoeqiiilin, 
m.p. 252°, [a]i) +170°, and may perhaps be 
identical with hippulin (Inhoffen, Naturwiss. 
1937, 26, 125) : 


O 



The synthesis of equileiiin has been an- 
nounced, although fuU details arc not yet avail- 
able, by Bachmann, Cole and Wilds (J. Amer. 
Chem. Soc. 1939, 61, 974), who used the follow- 
ing route : 





Jieformataki 


reaction 



Dehydration and 


reduction 


Arndt- 

Etstert 

reaction 


l^CO.Me 


/CH,CH,CO,Me 


Dieckinaiiii 


reaction 




CO 

\ 




H5'drolysl8 
and demeihyJatlon 






hoL 


(K evolved with 
/-inenthoxyacetic acid.) 




The synthesis of a comjujund having the 
skeleton structure of equilonm, but lacking the 
angular methyl group, lias been achieved by 
Koebner and Kobinson (J.C.8. 1938, 1994) , this 
IS termed x-norcqinifium to denote that the 
stereo-chemical cimligunition of the compound is 
unknowui. An analogous x-norastrone has also 
been prepared by Robiiison and Uydon {ibtd. 
1939, 1394); the compound (V+1) wa.s syn- 
thesised by the method of llobinsoii {ibtd. 1938, 
1390), but it could not be reduced direct to 
norcpstrone, although norecpulenm was prepared 
in this way. The live-rn cm bored ring was tliert'- 
fore opened by way of the steps (Vlll) and (IX) 
and the resulting compound hydrogenated in 
several stages. The final product (XT) gave, 
nortestrone methyl ether on eyelisation : 


O 




NHg OH.HCI 

In acetic acid 


KOH 
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Artificial (Estrogens . — Apart from the syn- 
thoflia of the natural oeatrogenic compounda, a 
vaat mirabor of potentially active compounda 
have been prepared and teated. The firat com- 
pound with a measurable activity waa 1-keto- 
l:2:3:4-tftrahydr(^phenanthrene ((^ook, Dodda 
and Hewott, Nature, 19113, 131 , 56). A aeries of 
dialkyl-dihydroxy-compoiuida of the type (Xll) 
was prepared and the dipropyl compound 
(R=C3H,) found to have an activity com- 
parable with that of ccstriol ; aome other 
membera of the aeries were also active (Cook, 
Dodda, Howett and Lawson, Proc. Roy. Soc. 
1034, B, 114 , 272). The phenanthrene skeleton 
preacut in theae compounda and in the natural 
leatrogens ia not, however, essential for activity, 
for pp'-dihydroxydiphcuyl (XIII) and pp'-di- 
hydroxystdbeno (XIV) are active. 



XIV. 


Recently a compound, of the formula (XV), 
with a potency approximately equal to that of 
a-ccstradiol was found in the by-product of the 
demethylation of anethole (Campbell, Dodda and 
Lawson, Nature, 1938, 141 , 78), and an equally 
active compound is the corresponding stilbene, 
“ diethylstilbcBstrol ” (XVI) (Dodds, Golberg, 
Lawson and Robinson, Proc. Roy. Soc. 1 939, B, 
127 , 140) ; this produces 100% response in 
doses of 0 0004 mg. when tested on spayed rats. 



A stcreoisomeride, thought to be the cia-com- 
pound (^-dicthylstilbtt'strol), has only one- 
tenth the activity of (XVI). The latter is the 
most active of a scries of homologuos which have 
been prepared and tested ; another compound 
of comparable potency is 4:4'-dihydroxy-yS- 
diphenyl-A^^-hexadienc, which also has a chain 
of 6 carbon atoms. i 

Diethylstilboestrol can be administered orally 
or subcutaneously, and shows all the biologiiWl 
properties of the natural mstrogens ; it confers 
the mating instinct on ovariectomised animalA, 
sensitizes the rabbit uterus to progesterone, anq 
acts on the anterior lobe of the pituitary gland. \ 

The duration of cestrus induced by diethyl8tilb-\ 
OBstrol is brief, but may be prolonged by 
administering it in the form of esters (propion- 
ate), just as is the case with cestradiol. 

Corpus Luteum Hormone (Progesterone). 
— The corpus luteum of the mammalian ovary 
produces a hormone indispensable to pregnancy. 
This causes characteristic changes in the 
mucous membrane of the uterus : the mucous 
membrane proliferating as the result of the 
action of cestrogcnic hormones is changed into a 
secreting membrane, and thus adapted for the 
reception of the fertilised ovum ; the hormone 
also assists in the’maintenance of pregnancy, and 
the removal of the corpus luteum during that 
period causes the ejection or absorption of 
the developing ovum. Later in pregnancy the 
placenta takes over the task of supjilying the 
hormone. The oestrogenic hormones arc in some 
respects inhibitory of the physiological activity 
of progesterone. 

Biological Assay . — The assay of the hormone 
is based on the changes it produces in the uterus 
of a rabbit previously treated with oestrogeiis 
(Allen and Corner tost) ; the preliminary pro- 
liferation of the endometrium can bo induced in 
an immature rabbit by administration ofoestrone 
(Clauberg tost). An international unit is equal 
to 1 ipg. of progesterone. 

Extraction. — Sow’s ovaries (or corpora lutea) 
are the best source of the hormone. These are 
generally extracted with alcohol, the solvent is 
removed and the residue taken up in ether; 
phospholipoids are precipitated with acetone, 
cholesterol and fats are frozen out from a methyl 
alcohol solution, acids are removed with sodium 
bicarbonate ; oestrone may be eliminated by 
partition between light petroleum and alcohol 
(Comer and Allen, Amer. J. Physiol 1929, 88 , 
326; Allen, ibid. 1930, 92 , 174; J. Biol. Chem. 
1932, 98 , 591 ; Allen and Meyer, Amer. J. 
Physiol. 1933, 106 , 55). The final step in the 
pu^cation is carried out with carbonyl re- 
agents. The yield is about 50 mg. from 100 kg. 
of ovaries. 

The pure crystaHine hormone, progesterone. 
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was isolated by four independent groups of 
workers (Butenandt, Westphal and Hohlweg, 
Z. physiol. Chem. 1934, 227, 84 ; Slotta, 
Ruschig and Fels, Ber. 1934, 67 [B], 1270; 
Allen and Winterateiner, Science, 1934, 80, 
190; Hartmann and Wettstein, Helv. Chim. 
Acta, 1934, 17, 878, 1365). It is an unsaturated 
diketono and occurs in two poly- 

morphic varieties, m.p. 128° and 121°, [a]p 
-H 187° ; it is accompanied by the physiologically 
inert alZopregnanol-20’One.^ 

ComtitvJtion . — ^The constitution of proges- 
terone was at first deduced by analogy and finally 
confirmed by syntheses. The first of these 
starts from pregnanediol (I), a physiologically 
inactive compound which is found in pregnancy 
urine, and may be produced from progesterone 
in the course of metabolism. It is converted by 
partial oxidation into the keto-alcohol (11), 
which gives the unsaturated compound (III) by 
bromination and removal of hydrobromic acid ; 
gentle oxidation then gives progesterone (A*- 
pregneno-3;20-dione) (TV) (Butenandt and 
Schmidt, Ber. 1934, 67 IB], 1893, 1901) : 

CHMe-OH 


COMe 



IV. 


Another synthesis (Femholz, ibid, 1934, 67 [B], 
1855; Femholz and Chakra varti, ibid. 1936, 
68 [B], 353) starts from a vegetable material, 
stigmasterol, the acetate of which is ozonised 
after protecting the nuclear double bond by 
bromination (V) ; the product is debrominated 
and hydrolysed to 3-hydroxy5iflnorcliolenic acid 
(VI). The sido-chain is then shortened by the 
action of phenyl magnesium bromide on the 
ester and oxidation of the acetate of the product, 
the double bond being again protected by 
bromination (Vll). The acetate (VIII) is 
hydrolysed to the alcohol, which is oxidised to 
the ketone and the latter debrominated to iiro- 
gesterone, the double bond migrating spontane- 
ously into the A * -position : 



CHMe OH 



HI. 


^ The nomenclature is based on the hydrocarbon 
pregnane or IT-ethylandrostane. 



CHrCH CH CH 



VII. 


COMe 



VIII. 


VoL. VI.— 18 
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This proccHH in used for the largo-Rcale pre- 
paration of progeHteronc, wliich is in great 
demand for clinical purpoHCw, hut many attempts 
have recently lMM‘n made to dcviHc a syn thesis 
from readily availalde starting matcTialH. Thus, 
cholcsterionc has been oxidiscfl with chromic 
acid to a niixtun*^ ol progesterone and androstene- 
dioru', although the yields are not stated 
(Dirschcrl and llaiuisr'h, Z. ])hysiol. Chem. 1938, 
252, 49) In the more recent syn theses the 
comparatively acceasdih' Cja compounds of the 
andiostune series are converted into C^i com- 
jiounds. Jn one of these (Butenandt and 


tSchmidt-Thomi!*, Ber. 1939, 72 fB], 182) trams- 
dehydroandrosterone (IX) {see p. 275a) is con- 
verted into the cyanhydrin, which is dehydrated 
and the unsaturated nitrile treated with methyl 
magnesium bromide. The product (XII) is 
rcdu(“ed to the (>ompourid (Xlll) without re- 
ducing the double bond in ring B. The final 
oxidation of the hydroxyl in ring A is achieved 
by a modification of the Op}ienauer method with 
aluminium t^propoxide and ryc/ohexanone, 
which brings about the migration of the double 
bond into ring A at the same time. 

The compound (Xll) has also been obtained 


CN OH 

\/ 


CN 
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(doldberg and Ac'sehbaeher, llelv, ('him. Aeta, j 
1939, 22, 1185) by the addition of the elements , 
ol water to the condensation product ol trarift- 
ileliydroandrosterone and acetylene (XIV) 
(Kiizieka and Hofmann, ihid. 1937, 20, 1280); 
till' reagent used W'as mi^reury acetamide in 
aleoiiol, the niereury eoniplev formed being 
dei'DinpoHcd with hydrogen sulphide. Other 
meihods bring about ciilargriiient of the live- 
rnenibered ring. Tw'o other syntheses (Bute- 
iiaiidt, Sehmidt-Thomi!! and Paul, Ber. 1939, 72 
I Bj, 1112; JVlieseher and Kagi, llelv. Chim. Acta, 
1939. 22, 184) are chiefly of academic interest. 

Progesterone, unlike lestrone, is highly specific 
in its action and is completely inactivated by 
reduction of the double bond ; some derivatives 
of testosterone alkylated in the 17-position 
possess, how ever, some degree of activity (Klein 
and Parkes, Proe. Roy. Soe. 1937, B, 121, 574). 

Androgenic Hormones. — Substanees with 
male hormone activity have been isolated from 
vertebrates only, although certain plant extracts 
are said to exhibit androgenic activity (Loewe). 
Early experiments showed that materials were 
formed in the testicles which were indispensable 
for the jiroper functioning of the male genital 
organs and the preservation of the secondaiy sex 
characteristics ; without them the w ell-known 
phenomena accompanying castrution are ob- 
served. Active extracts of testes were obtained 
by F. C. Koch, (y. R. Moore and their collabora- 
tors ; the presence of active material in urine 
was demonstrated by Loewe and Voss and by 
Funk. 

Biologicul Assay . — The increase in growth of a 
capon’s comb under the influence of androgeiuc 
materials was first utilised as a qtiantitative test 
by Gallagher and Koch (1929) and adopted at 


the London (’onferenec for the Standardisation 
')! Sex Hormones in 1935; a “ capon unit ” is 
‘qua! to lUOpg. ol androsierone. Another test 
depends on the increaso in the size of seminal 
vesicles in ca.strated rodents (Loewe and Voss, 
Koreiichevsky) ; the two tests do not always 
give equivalent results (for a detailed aeioimt, 
see F. C. Koch, “ The Male Sex Hormones,” 
Physiol. Reviews, 1937, 17). 

Isolation. — Lipoid-soliiblc active bodies have, 
Ix'en isolated from testes and human urine, of 
men or castrates, anti even from the female 
organism. It was eventually found that the 
activity of oxiraets of male urine was due to 
androsierone (Butenandt, Z. angew. ('hem. 1931 , 
44. 905; 1932, 45, (155; Nature, 1932, 130, 
238; Butenandt and Tseherniiig, Z. ph3^Hiol. 
Chcni. 1934, 229, 167, 185) and that of testes 
extracts to testosterone (Laqueur, David, Dinge- 
manse and Freud, Acta brev. neerl. 1935, 5, 
84; Z. physiol. Chem. 1935, 233, 281); trans- 
dchydroaiidrostcronc, about oiio-third as active 
as androstorone, was isolated from urine by 
Butenandt and Dannenbaum (Z. physiol. Chem. 
1934, 229, 192; Butenandt, Darmenbaiim, 
Hanisch and Kudszus, ibid. 1935, 237, 57) and 
it was found that adrenosterone, from adrenal 
cortex (p. 2785), possesses androg€*nic activity. 

The method of extraction of androsteroiie 
from male urine w'as similar to that employed 
for cestrone (p. 268c), except that androsterone 
is not phenolic and is therefore found in the 
neutral portion of the extract. As a method of 
preparation this process has been superseded by 
the synthetic method described on p. 275a. 

Properties. — Cis-androsterone has m.p. 184- 
186® (corr.), [a],) -|-94'6® (in alcohol), the 
acetate m.p. 164-6-166-6° (corr.), the oxime 
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m.p. 209-211® (corr.), the aemicarbazone m.p. 1 
270° (corr.). lOO/xg. equal 1 International unit. i 
Trflw^-testosterone has m.p. 154-5-165-5° ' 
(corr.), fa]i, “1-109° (in al(‘ohol), the ojcetate m.p. 
140-141° (corr.), the propionate, m.p. 121-123° 
(corr.), the benzoate m.p. 198-200° (corr.). 15/ig. 
equal 1 International unit. 

Tmyw-dehydroandroHteronc occurs in two 
forms, m.p. 140-141° (corr.) and 152-153° 
(corr.), [a]j) +10-9° (in alcohol), the oxime has 
m.p. 188-189°, the acetate m.p. 171-172° (corr.). 
200^g. equal 1 International unit. 

(hnatitution. — The amount of androsterone 
isolated by Butenandt and Tscherning {ibid. 
1934, 229, 167, 185) was barely sufficient to 
estabbsh the formula as CjgH 3 g 02 and the 
con-ect constitution w as put forward by analogy 
with that of a'strone. This and the c onligura- 
tion of the compound W'erc established by the 
Hynthcsis of androsterone bj' Uuzii'ka, Goldlxsrg 
and Brunggcr (Helv. Chim. Acta, 1934, 17 , 1389) 
and Huzicka, Goldberg, Meyer, Brunggcr and 
Eichenbcrger {ibid. p. 1395). They oxidised the 
acetates of eholestanol, coprosterol and their epi- 
compounds with chromic acid and obtained the 
ac(‘tates of four stereomisoeric hydroxy ketones; 


MeO 



H 


Of these, (II) 3>epthydroxyi)Btioa2^ocholan0’17- 
►ne proved to be identical with androsterone ; 
'ao~ or Iran androsterone (I) showed one -eighth 
he activity of androsterone in the capon test 
,nd (Til) and (IV) w^ere inactive ; the great im- 
portance of the stereochemical configuration will 
PC noted. Androsterone is prepared on the 
arge scale by the above method. 

Oxidation of dibromocholesteryl acetate 
Huzicka and Wettstein. ibid. 1935, 18 , 986 ; 
dutenandt, Dannenbaum, Hanisch and Kudszus, 
.r. ; Wallis and Fernholz, J. Amer. Ohem. Soc. 
935, 57 , 1379, 15C4) and debromiimtion of the 
product gives /raas-dehydroandrosterone (V) ; 
he configuration of the hydro.xyl group in this 
■ompound is like that of i^foandrosterone (for 
nomenclature, r. Sihonheimcr and Evans, 
J. Biol. Chem. 1936, 114 , 567). In accordance 
with this configuration, the compound is pre- 
•ipitated with digitonin, whereas androsterone 
IS not. f’is-dchydroandrosterone has been pre- 
pared, and IS biologically more active than the 
natural fma.»-compound. 

Me O 


HO^ 

V. 

TestoMeroney isolated from testes jiroved to 
be different from these ; it w as uiisaturated 



and hence unstable to alkali and ])crinan- 
ganat<‘ and was much more active than andro- 
steroiie in the rat test (Laqiieur et al., l.c . ; 
(!allow and Deanesly, Lancet, 1935, li, 77). It 
was isolated in minute amount from the testes 
of steers (Davitl, Diiigemanse, Freud and 
Laqueur (Z. physiol. Chem. 1935, 233, 281) and 
proved to he an ajS-unsaturated ketone, 
; on careful oxidation it gave 
andro8tene-3:17-dione, also ohtained by the 
oxidation of ^rcrn«-dehydroandrosterone ( David, 
Aeta brev. neerl. Physiol. 1935, 85 , 108). It 
was then synthesised from the above compound 
(Huzicka and Wettstein, Helv. Chim. Acta, 
1935, 18 , 1264; Butenandt and Hanisch, Bor. 
1935, 68 LB), 1859; Z. physiol. Chem. 1935, 
237, 89) by reduction to androstenedioi, the 
acetate of which (VI) can I)e hydrolystul to a 
luonoacetate (VII), the acetyl group in ring A 
being removed before that in ring 1). After 
protcetmg the double bond by bromination the 
monoacetate was oxidised to (VJIl) and on re- 
moving bromine testosterone acetate (IX) was 
obtained ; 
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OAc 



Br tr 
Vlll. 


OAc 



IX. 


TcHtoHt(3r()ne when injected in oil solution is 
about 7 tiincH more active than androsterone in 
the capon test. In the rat test its activity is 
increased by the jircHcncc of an acidic material 
(Laqueur’s “X-Stoflf”) in extracts of testes, 
probably fatty acids, which have no effect in the 
capon test. "Phis increased activity is probably 
connected with the rate rd' absorption of the 
active material. Similarly, the activity of testo- 
sterone and androsterone can be enhanced by 
esterification with fatty acids up to valeric acid; 
testosterone valerate is 10 times more active 
than testosterone in the rat test, but not in the 
capon test. Testosterone propionate has the 
highest activity of any known substance in both 
tests. Modern theory inclines to the view that 
testosterone is the only natural androgenic com 
pound and that androsterone is probably a 
secondary product derived from it (N. H. 
Callow, Riochem. J. 1939, 33, 659; Dorfman, 
Cook and Hamilton, J. Biol. Chem. 1939, 130, 
285). 

A very large number of derivatives of these 
compounds have been prepared by varying the 
groups attached to the carbon atoms 3 and 17 in 
androsterone and testosterone. A number of 
these compounds have been found to possess 
considerable biological activity, which is also 
closely bound up with their stereochemical con- 
figuration ; a discussion of them is beyond the 
scope of this article, but reference may bo made 
to a review by Goldberg in “ Ergebnissc der 
Vitamin- und Hormonforschung,” Leipzig, 
1938, 1, 391 ; see also Ammon and Dirscherl, 
“ Fcrmente, Hormone, Vitanine,” Leipzig, 
1938. 

A number of androstane derivatives, par- 


ticularly unsaturated compounds, have some 
biological activity as female sex hormones and, 
on the other hand, (estrogens have a stimulating 
effect on cortam of the male sexual organs. The 
physiological significance of this is uncertain, 
but reference may be made to Korenchevsky, 

Ergebnissc der Vitamin- und Hormon- 
forschung,” Leipzig, 1938, II, 420, for a dis- 
cussion of the subject. Some male hormone 
activity may be derived from the adrenal (;ortex 
(see below) and it is known that tumours of the 
adrenal cortex in women may lead to virilisation ; 
an abnormally high secretion of fmns-dehydro- 
androstcrone has also been observed in .such 
cases. 

Adrenal Hormones. — The adrenal gland 
consists of two parts, the medulla and the cortex,. 
The former secretes adrenalin (q.v.). The corte^ 
is essential to life and, in man, atrophy or 
destruction of this part of the gland is the causa 
of Addison's disease. Removal of tlic gland is! 
rapidly fatal, especially in birds, and gives rise', 
to the following symptoms : disturbances of the 
equilibrium beWeen potassium and sodium in 
the blood as well as in the amount of water in 
the blood, adynamia (ready onset of muscular 
fatigue), difficulty in the assimilation td‘ fats 
and in the absorption of earhohydrates. It is 
thought that the last two processes are con- 
nected w'lth phosphorylation (Verzar) and that 
this process is eon trolled by the adrenal hor- 
mones. These deficiency symptoms are relieved 
by extracts of the adrenal gland, th(‘ composition 
of which hns been intensively studied in recent 
years. 

Biological Assay . — In the survival test (Cart- 
land and Kuizenga) adrcnalectoiniscd animals 
(rats) arc kept alive by injections of the material 
to be examined. The dog test (Pfiflner, Swingle 
and Vars) similarly measures the amount of 
hormone preparation necessary to maintain a 
dog in good condition. The muscle fatigue test 
(Everse and de h>emery) incasures quantita- 
tively the diminished rcsistanee to muscle 
fatigue in rats ; the Ingle test is similar, also the 
swimming test (Gaarenstrom, Waterman and 
Laqueur). The glucose test is based on the 
absorption of glucose in rats. 

Isolation . — The separation of the cortex from 
the medulla of the adrenal gland is not practic- 
able on a large scale, and whole glands are used ; 
the inactivation of the hormones by heat and 
alkali must also be borne in mind. 

The glands are extracted with alcohol at room 
temperature, the extract is (ivaporated, the 
residue taken up in benzene, then in acetone ; 
after partition between 70% alcohol and hexane 
the alcoholic layer is filtered through “^er- 
muiite ’’ to remove adrenalin (losses are some- 
times experienced at this stage), evaporated, the 
residue taken up in water to precipitate resins 
and again roprecipitated from an alcoholio solu- 
tion. The yield at this stage is equivalent to 
60 g. of dry material from 1,000 kg. of gland 
(from some 20,000 head of cattle) and contains 
1-2 million dog units (Swingle and Pfiflner, 
Amer. J. Physiol, 1931, 96 , 153, 164, 180; 
Pfiffner, Vars and Taylor, J. Biol. Chem. 1934, 
106 , 626 ; Pfiffner and Vars, ibid. p. 645). An 
alternative method (Cartland and Kuizenga, 
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ibid. 1036, 110 , 57) involves extraction of the I 
glands with acetone, two partitions between 70% 
alcohol and petroleum and an extraction with 
ethylene dichloride ; the yield of (dry) material 
is somewhat less (18 g. from 1,000 kg.) but 
the total activity is higher (2-5 million dog 
units). 

The active material is soluble both in water 
and in solvents such as ether and benzene and 
the further purification of the hormones is based 
on repeated partition between solvents ; this 
has been employed by three groups of W'orkers, 
namely those of Kendall, Wintersteiner and 
Pfiffner, and Reichstein. The final isolation of 
the pure compounds is carried out with carbonyl 
reagents ; Girard’s reagent has been particularly 
valuable in Reichstein’s hands. In this w'ay 
5 pure active compounds have been isolated, 
together with 7 or 8 closely related but inactive 
ones ; nevertheless, the amorphous, water- 
soluble material remaining in the residues 
appears to bo more active than any of the 
})urc compounds hitherto isolated. 

Chemically, all the pure compounds found in 
the adrenal cortex belong to the sterol group ; 


those which are saturated belong to the cholc- 
itano type and are characterised by an oxygen 
atom (in addition to one on Cg), the position of 
which is almost certainly on although this 
has not yet been strictly proved. They also 
have an oxygenated side-chain of varjdng length 
on Cj,. 

Prppcr/tes and Constiitition. — Corfiro/tterone, 
A^-pregnene-l l:21-diol-3:20-dionc(l),C2iH3o04, 
has m.p. 180-182° (corr.), [aj^ 4-223° (in alcohol) 
(Reichstein, Laqueur, Uyldert, de Fremory and 
Spanhoff, Proc. K. Akad. Wetensch. Amster- 
dam, 1936, 89 , 1218 ; Nature, 1937, 139 , 26) ; it 
forms an alcoholate, reduces arnmonincal silver 
solutions and gives the characteristic spectrum 
of an ajS-unsatu rated ketone. Oxidation with 
chromic acid gives the acid (11) (Reichstiun, 
Helv. Chim. Acta,, 1937, 20 , 963). The hydr- 
oxylic nature of the oxygon atom * (originally 
placed on Cjg) was recognised by Kendall, 
Mason, Hoehn and Mackenzie (Proc. Statf Meet. 
Mayo Clinic, 1937, 12 , 136), who shi»wed that 
the acid (ill) was produced by oxidation of 
cortioosterono (1) with periodic ncid and (111) 
could be further oxidised to (II) : 



Corticosterone forms a nionoacetate (IV) which 
can be oxidised by chromic acid in the same way, 
the product being identical w’ith the acetate of 
dehydrocorticosterone (below). 

The position of the side-chain on C17 has been 
proved by conversion of corticosterone into 
a^^opregnane (Steiger and Reichstein, Nature, 
1938, 141 , 202; Helv. Chim. Acta, 1938, 21 , 
161). 

Corticosterone possesses a high degree of cortin 
activity, 1 mg. being equivalent to 50-100 g. of 
suprarenal gland; its esters arc equally active, 
but the activity is almost completely destroyed 
by the reduction of the double bond. 

Dehydrocorticosterone, CgiHggOg, m.p. 174- 
181-5°, [a]jy 4-299° (aceto^, m.p. 178-180-5°), has 
been isolated by Mason, Myers and Kendall 
(J. Biol. Chem. 1936, 114 , 613) and prepared by 
Reichstein by the oxidation of corticosterone 
acetate and hydrolysis ; it gives the acid (III) 
on oxidation with either periodic or chromic acid. 
Its biological activity is inferior to that of 
corticosterone and it differs from the latter in 


not giving the characteristic green fluorescence 
with sulphuric acid. 

/\*-Pregn€ne-ll:l7:2l4riol-3:2Q-dione (V), 

m.p. about 207-210°, [a]j) 4-167-2° (Reichstein, 
Helv. Chim. Acta, 1937, 20 , 1164) has some 
activity in the Everse and de Fremery test, 
reduces silver solutions and gives a green 
fluorescence with sulphuric acid. On oxidation 
with chromic acid it gives adrenosterone (VI), 
whereas lead totra-acetate gives the hydroxy - 
ketone (VII) ; the acetate of (V), m.p. 223-225°, 
passes on mild oxidation into the acetate of the 
compound (Vlll) described at the top of the 
next page. 

^*’Fregnene-n:2l-diol-3:l\:20-trione (VIII), 
CgiH^Og, m.p. about 208°, [a]D 4-209°, was 
first isolated by Wintersteiner and Pfiffner 
(J. Biol. Chem. 1935, 111 , 686 ; 1930, 114 , Ixxx ; 
116 , 291). It ift very similar to the triol (V), 
but can be distinguished by its crystalline form 
(shining rhombohedra) ; it has a bitter taete. 
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Oxidation with chromic acid gives adreno- 
fiierono and with periodic acid tlie hydroxyacid 
(IX): 

OH CO2H 

\/ 



IX. 


Its activity is somewhat less than that of (V). 

Adrenmt crone, A*-«‘ndro8iene-3:J l:17-trione 
(V^I), CiftH2 403, was isolated from the portions 
of the adrenal extract more soluble in ether and 
petroleum by Heichstein (Helv. Chim. Acta, 
1936, 19 , 29) and has ra.p. 222°, [a],, +262°; it 
has no cortin activity but a considerable andro- 
genic acitivity (about one-fifth that of andro- 
sterone in the capon test) and this provided a 
clue to its structure. It is hydrogenated to a 
saturated triketono, m.p. 178°, which has been 
reduced by Clemmenscn’s method to androstane, 
thus fixing the ring stnicture present in this, and 
hence also in the other compounds of the group 
which have been correlated with it. A by- 
product of the reduction is 17-androstanol, 
w^hich fixes the position of the side-chain in these 
compounds, whilst the position of one oxygen 
atom on C3 follows from the fact that the 
hydroxylated compounds of this series are 
precipitated by digitonin. 

In addition to the above compounds, a number 
oi‘ physiologically inert compounds have been 
isolated ; these have proved useful in elucidating 
the chemistry of the whole group, and an account 
of them by Reichstein will be found in “ Ergeb- 
nisse der Vitamin- und Hormonforschung,” 
Leipzig, 1938, 1, 334. 

A synthetic compound possessing an oven 
greater biological activity than corticosterone 
(5 to 7 times greater in the dqg test and about 
10 times greater in the E verse and de Eremery 
test) is deoxycorticosterone or 21-hydroxypro- 


gestt^rone, m.p. 141-142° (corr.), [alj, +178®', 
(Heichstein and Steiger, Nature, 1937, 139 , 925 ; 
Helv. Clhim. Acta, 1937, 20, 1164) ; it lacks the 
characteristic inert hydroxyl group on but 
embodies the other features which appear to be 
essential for cortin activity, namely a double 
bond a)3 with respect to the carbonyl group on 
C3 (since all the active compounds are in- 
activated on rediu’iion) and the terminal 
hydroxyl group on Cgj (since progesterone itself 
has no cortin activity). The compound w^as 
prepared from the acictatc of A “•^diydroxy- 
cholcnic acid as follows : 


CO,H 



. CO CHN- 
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The laHt compound Ih brominated to protect the ; 
double bond, oxidised and dobrominated {cf. the 
preparation of progesterone, p. 27.'if ), yielding the 
acetate of deoxycorticosterone. This synthesis 
is of great importance in view of the clinical 
uses of the compound. Deoxycorticosterone has 
recently Iwen isolated in minute amount from 
the suprarenal gland (Reichstein and Von Euw, 
ibid. 1938, 21, 1197). 

C. A. K. K. 

HORNBLENDE. An important rock-form- 
ing mineral belonging to the monoclinic stTics 
of the amphibole grou]), consisting mainly of 
metasibcates of calcium, magnesium and iron. 
The name honi blende is sometiraes applied to 
the group itself, which includes the useful 
minerals asbestos (v-v.), nephrite and crocidolite 
{q.v.). More usually, how'cver, it is restricted 
to the darker-coloured (green, browni, black) 
aluminous varieties, the composition of which 
is expressed by mixtures in various proportions 
of the molecules 

Ca,Na 2 (Mg,Fe),oAl 2 Si, 40 , 4 (OH,F)„ 

Ca4Na2(Mg,Fe)8AI,Sii2044(OH,F)„ 

etc. It forms part of many kinds of igneous 
rocks, e.g. hornblende -granite, syenite, basalt, 
etc., and crystalline schists, e.g. hornblende- 
schist. 

L. .1. N. 

HORN F ELS 1'. Hornstone. 

HORN LEAD: Lead chloride, PbClg- 

H O R N -Q U I C KS I LV E R . Calomel'Hgfilz, 
occurs native in small quantities. 

HORNSILVER. Native silver chloride v. 
Cerarovrite. 

HORNSTONE and HORNFELS , names 
applied to a variety of hard and tough, fine- 
grained and compact, splintery, siliceous rocks 
with a horny appearance, which have generally 
been formed by the baking action of igneous 
rock-masses on surrounding sedimentary rocks 
(sandstones, grits, shales, slates, etc.). They 
frecpiently show a banded structure representing 
the original bedding planes, but they do not 
break along these directions. The name horn- 
stone is more usually applied by mineralogists 
to the highly siliceous kinds, and regarded as a 
variety of quartz allied to flint, chert, novaculite 
and jasper ; w'hilst the German name hornfcls 
is applied by petrographers to materials more 
of the nature of rocks, e.g. biotite-hornfels, 
andaliisite-hornfels, tourmaline-homfels, calc- 
silicate-hornfels, etc., the last-named having 
been produced by the thermal metamorphism ot 
impure siliceous limestones. The Swedish Halle 
flinta (meaning rock-flint) is also very similar in 
character ; this may in some cases represent an 
altered felsitic lava, but in others it does not 
differ from homfels. These materials arc used 
as hones {Whetstones). 

L. J. S. 

HORSE-CHESTNUT. The horse-chest- 
nut tree, Msculua hippocaslanum^ is a native of 
Persia and Northern India, and is said to have 
been introduced into Europe in the sixteenth 
century. Thcr nuts, closely resembling those 
of the sweet (edible) chestnut, are the “ conkers ” 
of school boys, but are injurioue if eaten owing 


to their content of toxic saponin and other bitter 
substances. When extracted with boiling water 
or preferably with dilute sodium carbonate solu- 
tion the nuts leave a harmless residue of value 
as a cattle food (Sasaki and Kandatsu, J. Agric. 
Chem. Soc. dapan, 1936, 12, 676). According to 
Dechambre (Compt. rend. Acad. Agric. Franco 
1917, S, 927) the extracted nuts may be ground 
and used in breadmaking. 

The bark of the tree contains the gliicoside 
xsculin (q.v.) (6-/9-glucosidoxy- 7-hydroxy cou- 
marin, Head and Robertson, J.C.S. 1930, 2436; 
Macbeth, ibid. 1931, 1288) with small propor- 
tions of the aglucone cesculetin (6:7-dihydroxy- 
coumarin, Gattermann and Kbbner, Ber. 1899, 
32, 288). iEsculin, m.p. 200-202", is extracted 
from the bark with boiling w^atcr, and the extract 
after treatment with lead acetate, and subse- 
quently with hydrogen sulphide to remove 
excess lead, is concentrated until crystals are 
formed. ASsculiu is hydrolysed by mineral 
acids or by the enzyme cmulsin to glucose and 
ffisculetin, m.p. 270°. 

A second gluooside fraxin is also present in the 
bark. Hydrolysis of fraxin, Cj^H^gOiQ, yields 
glucose and /mic/ta, C^HgOgOIVle, a mothoxy- 
icsculei.in (Koerncr and Biginelli, Gazzetta, 1891, 
21, li, 452). 

Horse-chestnut leaves contain quercitrin and 
the flowers contain quercetin. 

Baker and Hiilton (Analyst, 1917, 42, 353) 
give the composition of the hulled nuts as : 
water, 1‘86~3‘5; ash, 2'46-2'90;, oil, 6-0-7'2; 
protein, 7-2r>-10'8; reducing sugars (as dex- 
trose), 1’6— 9*1 ; sucrose, 7'27-17'6; starch 
(Lintner), 21-9-47-8; starch (taka-diastase), 
15'2-39-0; pentosans, 4'75-5-44; crude fibre, 
2-0-2-6%. In an examination of the hulls 
Hilpert and Kriigcr (Bor. 1939, 72 [B], 400) 
give the following analytical data : 

C, 64-.5; H, 4-8; methoxyl, 2-2; lignin, 5-2; 
pentosans, 6’7%. 

The nuts are of value in the manufacture of 
7 i-butyl alcohol and acetone by fermentation 
processes; yields of alcohol may reach 11-12% 
of the weight of the nuts (Henley, J.S.C.I. 1919, 
38, 281t; Gill, ibid. p. 41 It). Hirst and 
Young (J.C.S. 1939, 961) obtained yields of 
10-20% of a starch having [a] jJ 4-161° and by 
means of the methyl derivative obtained three 
fractions of molecular weight 700,000, 660,000 
and 430,000. The starch molecule probably 
corresponds with a chain length of 28 glucose 
units. 

Belozerski and Dubrovskaja (Biochimia, 1936, 
1, 666) isolated from the cotyledons of the 
nuts a globulin, hippocastanirif and a nucleo- 
protein. Hydrolysis of the latter yielded a pro- 
tein having a nitrogen-distribution similar to 
that of hippocastanin and a nucleic acid yielding 
guanine, adenine, cytosine, thymine and laevulic 
acid but not uracil. 

The use of the saponin of horse-chestnut as a 
substitute for white soap bark in certain thera- 
peutic preparations is suggested by Roberg and 
Hoffmann (Deut. Apoth.-Ztg. 1939, 54, 416). 

For an exartination of the seed oil, see Masson 
(Bull. Sci. pharmacol. 1918, 25, 66). 
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HORSE-FAT. The fat obtained from the 
horse is of a yellowish colour and buttery con- ' 
sistenoy ; as the rendering of horse-fat is not as 
a rule so carefully carried out as that of other 
edible animal fats, it is liable to be contaminated 
with remnants of tissues, to rancidify easily and 
to develop an unpleasant odour. ()n standing, 
it separaUis into a solid and a more unsaturatexl 
liquid portion, the latter being known as “ horse, 
oil ” (not to lie confused with horse’s foot oil, 
see below). Both the fat and oil have weak drying 
properties and arc, therefore, unsuitable for use 
as lubricants. In consequence, of the inereasing 
consumption of horse-meat, the fat has beeome 
a commercial article ; it is used by the poorer 
classes on the Continent as a substitute for lard, 
and is no doubt used, upon occasion, as an 
adult<‘rant of more exiiensive edible fats. 

how grade horse-fats are used in the manu- 
facture of soaps and leather-greases. A process 
for protecting calcium carbide from the action 
of water vapour by a coating of oil from horse 
fat was patented by McRae (IJ.T*. 2rj04b/10()5). 

Horse-fat melts at about ;U-39"C., and has an 
iodine value varying from (in to 94 according to 
the part of animal from which it is derived; 
r/. Amthor and Zink, Z. anal. (’hem. 1892, 31, 
381 ; Kalmann, Chera.-Ztg. 1892, 16. 922; Gill 
and Rowe, J. Arner. (^hem. Soc. 1902, 24 , 406 ; 
Dunlop, Analyst, 1907, 32 , 317 (the. fat from 
the kidney-lK*xl was found to have an iodine 
value of llO'ti, the highest figure recorded for 
any horse- fat); Uosello, Chim. et. Ind., 1929, 
Spec. No. (He Oongr, do Chim. ind., Strasbourg 
(1928) .5200. (examination of horse oils; the 
presence of palraito-dilinolin is reported). 

The higher iodine value, and refractive index 
of horse-fat (.51-69° Zeiss at 40°, i.c. rij, 1-4600- 
1*4653) have been used in Germany as an oflicial 
means of identifying horse-meat (r/. A. Beythien, 
“ Laboratoriumsbuch f.d. Nahrungsmittelchemi- 
ker,” 1931, 13. According to Pritzker and 
Jungkunz (Z. Unters. Lebensm. 1932, 63 , 30), 
however, the upper limit of 69° for the refractive 
index originally given by Konig (“ Cheni. d. 
menschl. Nahr.-u. Genussm,” 1910 (3) 1, 420) and 
reproduced by Beythien and others is probably 
a misprint for 59°, a figure which is consistent 
with the iodine value and is also the one given 
in “ Das Schweizorische Lebensmittelbuch,” 
1909 ed.). 

Horse-fats contain about 24-33% of saturated 
acids, consisting of palmitic acid, with a small 
proportion (from 6-13%, on the whole fat) of 
stearic acid, oleic acid (60-65%) and linolic acid 
(about 10%) (r. Heiduschka and Steinruck, .1. 
pr. Ghem. 1921, [ii], 102 , 241 ; Grossfeld, Z. 
Unters. Lebensm. 1931, 62 , 663; Pritzker and 
Jungkunz, l.c.). The presence of 1-7% of lino- 
lenio acid in horse- fat w^as reported by Hei- 
duBchka and Steinruck {v. Klimont', Moisl and 
Mayer, Monatsh. 1914, 35 , 1115) and rather 
more (about 4*5%) in the abdominal fat from 
the wild Western range horse (iodine value 82*7 ; 
Schuette, Garvin and Schwoegler, J. Biol. 
Chem. 1934, 107 , 635) which appears to be more 
unsaturated than the fat of the ordinary 
domestic horse. t 

The identification of horse-fat may be of 
importance in the examination of meat products 


such as sausages, etc. According to Pritzker 
and Jungkunz, horse-fat may be differentiated 
from lard by the fractional precipitation method 
of Kreis and Roth (Z. Unters. Lebensm. 1913, 
25 , 81), and fractional crystallisation of the acids 
from alcohol is suggested by G. Wolff (Chim. et 
Ind. 1934, Spec. No. (13e Congr. de Chim. ind., 
Lille, 1933), 88.5S) : detection of it in admixture 
with lard or tallow is, however, a very much 
more difficult matter. It is stated to bo detect- 
able by biological methods depending upon the 
differentiation of albumins from different sources 
(r/. Wittels and Welwart, vSeifens.-Ztg. 1910, 37, 
1014 ; Allen, “ Commercial Organic Analysis,” 
6th cd,, Vol. IX, p. 244; ” Schwcizerischcs 
Ijobensmittclbuch,” 1917 cd.), but such methods 
would fail if all albuminous matter had Ix^en 
removed by refining. Paschko (Z. Unters. 
Lebensm. 1938, 76, 476) relies upon the detection 
of linolenic acid in mixtures containing horse- 
fat, and has descrila^d a delicate modification of 
the hexabromide test for this purpose. The 
identification of horse-fat in lard by means of 
its charaeteristie absorption sjiectum (max. at 
310 mp) is claimed by Dorta and Heggiani (Z. 
Unters. Lelxuism. 1939, 77, 449). 

UorsfR (Jrest-Fai (” adeps colli equini ”) which 
is prizeil in Sw itzerland as a remedy for baldness 
and is obtained from the crest on the back of the 
neck, has been studied by Pritzker and Jungkunz 
(Pharm. Acta Helv. 1931, 6, 201). Its refractive 
index (r)2*5-64-.5° Zeiss at 40°, i.e. njy 1-4610- 
1*4623) and iodine value (76-84) are similar 
to those of horse-fat, but the content of un- 
saponifiable matter (013-0-19%) is distinctively 
lower than that of the body-fat (0-3-0*5%) ; 
the paler colour of the unsaponifiablo matter 
derived from the crest-fat further serves to 
differentiate it from the body*fat. The body-fat 
gives orango-red colorations in the Bellier test, 
which is negative in the case of the crest-fat. 
Some 3-5% of paraffin wax or beeswax appears 
to be commonly added to the commercial crest- 
fat as a stiffener. 

Horse- {Bone-) Marrow Fat, a non-drying fat of 
iodine value 77-6-80-5 (Zink, Forschungsber. ii. 
Lebensm. 1896, 3, 441), and horse-hone fat, 
iodine value 89-6 {v. Schenk, Mitt. Lebensm. 
Hyg. 1918, 9 , 216), are also obtainable from the 
horse. 

Horse's Fool Oil is obtained from horses’ feet 
by boiling them with water : samples examined 
by Lewkowitech (” Chemical Technology of Oils, 
Fats and Waxes,” 6th ed., Vol. 2, p. 495) and 
Amthor and Zink had iodine values of 74 and 90 
respectively. As a rule the oil is not met with 
in commerce under its own name, as the feet are 
usually boiled out together with cattle feet and 
sheep’s feet and the resulting oil is sold in- 
discriminately as ” neat's foot oil,” or as 
“ animal oil.” 

E. L. 

HORSE-FLESH-ORE (v. Vol. II, 32d). 

HORSE-RADISH. The fleshy root of 
Coehlearia armoracia L., a cruciferous plant 
native to eastern Europe. The sliced or grated 
root is used as a condiment. Its characteristic 
flavour is largely due to the presence of propyl 
and isobutyl isothiocyanates . Recorded analyses 
show the root to contain (%) : 
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Water 73-8-76-7 

Protein 2*7-3-4 

Fat 0-3 

N-free extract 15-9-18-3 

Fibre 2-6-2-8 

Ash 1-5-1 -6 

More recently FrioHo (Z. Unt-ers. Nahr.-u. 
GenuHsm. 1925, 49, 194) gives the following 


data(%) : 

Water. 

Ash. 

W^holc root . 

72-07 

2-11 

Inner layer . 

. . 76-96 

1-79 

Outer layer . 

. . 73 05 

2-09 


The percentage composition of the ash recorded 


by F 

riese (1) and by 

Kdnig (11) is 

as follow'S : — 


Kj,0. 

N»,0 

CaO. MgO. 


AI 2 O 3 

I. . 

30-34 

11-66 

9 27 2-67 

0-09 

0-21 

11. . 

30-8 

40 

8-2 2-9 

1-9 

— 


Mn.Og. 


SO 3 . 

S 1 O 2 

Cl. 

I. . 

0-09 

7-54 

27 09 

9-37 

0-84 

II. . 

— 

7-8 

30-8 J 

L2-7 

0-9 


According to Noetzel (I’harm. Zontralk. 1935, 36, 
221) horse-radish “juice” contains 1 •56-2-3% 
of dry matter, 0-3-0-5% of ash and 0-22-0'25% 
of mustard oil. The original roots (25-80% of 
water) contained 0-1 2-0- 16% of mustard oil. 

Peroxidase, present in horse-radish root, pro- 
vided the basis of Buck’s early studies of this 
enzyme. Elliot and Keilin (Proc. Roy. So' 
1934, 13, 114, 210) record an examination of 
horse-radish peroxidase m relation to its hasmatin 
content. No relation was apparent between the 
proportion of haematin and the activity of the 
enzyme. All the hiematin occurs free in th< 
root as acid hacmatin. 

Horse-radish is a good source of vitamin-(7. 
According to Kedrov (Problems of Nutrition, 
U.S.S.R. 1934, 3, No. 5, 20) 20 g. of root daily 
suffices to prevent scurvy in man if used as sole 
source of the vitamin. 

A. G. Po. 

HOWLITE {v. Vol. I, 68ria). 

HUCKLEBERRY. The fruit of Gayliia- 
aacia reainoaa Torr. and Gray, a native of the 
western hemisphere. In the central states of 
America the name is also given to the swamp 
bluelierry, Vaccinium corymboaum. The fruit 
is eaten raw or cooked, and is frequently dried 
or canned. 

The following percentage composition of the 
true huckleberry is recorded by Atwater and 
Biyant (U.S. Dept. Agric. OflF. Exp. Sta. Bull. 
1906, No. 28) : 

Water, 81-9; protein, 0-6; fat, 0-6; N-free 
extract, 16-6; fibre, 16-6; ash, 0-3%. 

A. G. Po. 

H U LS I T E . A black, opaque, orthorhombic 
(?) mineral originally described as a hydrous 
borate of ferrous and ferric iron and magnesium, 
but subsequently found to contain some tin 
(SnO,, 7-07% in a sample with a considerable 
amount of insoluble gangue), the formula being 
given as 

12(Fe,Mg)0 2Fej03Sn0j-3B,05-2Hj0, 


It occurs as small crystals and tabular masses 
in a metamorphic limestone, near the contact 
of this rock with granite, at Brooks Mountain, 
Seward Peninsula, Alaska, and is associated 
with magnetite and tin -ore (A. Knopf and W. T. 
Schaller, Amer. .1. Sci. 1908, [iv], 26, 323 ; 1910, 
iv], 29, 543). 

L. J. S. 

HUME-ROTHERY’S RULE. Ingenoral, 
when one metal is alloyed with another, the first 
addition of a metal Y to a solvent metal X 
results in the formation of a homogeneous alloy 
W'ith the same crystal structure as the parent 
metal X, and which may be called a primary 
aolid aolulioti of V in X. These primary soliii 
solutions are of two kinds, namely, aubstitational 
solid solutions in which the solute atoms replace 
those of the solvent in its lattice, and interstitial 
solid solutions in which the solute atoms occujiy 
the holes or interstices between those of the 
solvent. The extent of these jirimary solid solu- 
tions varies from complete miscibility of the 
two metals in the solid state {e.fj. cojiper-nickel, 
silver-gohl) to a solubility which is too small to 
be measured. When the concentration of 
solute atoms exceeds that of the limit of the 
primary solid solution, a new phase makes its 
ajipearance. In some systems (r.g. copper - 
silver) the new' phase is a sohd solution of X in 
Y, and in such cases the alloys, according to 
their compositions, fall into one of three tyjH's, a 
primary solid solution of Y in X, a primar}^ soliil 
solution of X in Y, and a mixture of the two 
primary solid solutions. In other systems inter- 
mediate phases are also formed, and thi'so may 
bo of fixed or variable composition. It is well 
known that, in the general case, the composi- 
tions of many of those intorroediato phases are 
difficult to reconcile with the ordinary valencies 
of the elements, and it was first pointed out by 
Humo-Rothcry ^ in 1926 that this is only to be 
expected when a truly metallic compound is 
formed. The valency compounds of ordinary 
chemistry are the result of the valency electrons 
being bomid into stable groups (usually octets), 
and if metallic properties are regarded as result- 
ing from the presence of free electrons, a metallic 
compound will not be expected to follow the 
usual valency relations. In searching for an 
alternative explanation of the compositions of 
the intermediate phases in alloy systems, Hume- 
Rothery was guided by the Electron Lattice 
Theory of Lindemann “ which was attracting 
attention at the time. This theory has been dis- 
carded, but it led to the hypothesis that certain 
intermediate phases in alloy systems might be 
characterised by definite ratios of valency elec- 
tions to atoms, and this has been confirmed for 
a number of systems. 

The first kind of alloy considered was that of 
the ajp brass type, and Fig. 1 shows the equili- 
brium diagram of the system copper-zinc. Here 
the primary or a- solid solution of zinc in copper 
is followed by a /9-phasc which has a body- 
centrod cubic structure, in contrast with the face- 
centred cubic structure of copper itself. The 
composition of the jS-phase is in the region of the 
equiatomic cqpipoBition CuZn, although there 
is a wide range of solid solubility. The next 
phase, denoted y, is in the region of 62 atomic per 
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cent, zinr, and has a charactcristio crystal struc- 
ture, and this in its turn is folkiwed by the e- 
phase with a t^lose-packed hexagonal structure, 
and a composition extending from about 78 to 
87 atomic per cent, zinc, ».c. to the zinc-rich side 
of the composition ITt atomic per cent, zinc which 
would correspond with the formula CuZn 3 . 

Fig. 2 shows the equilibrium diagram of the 
syskmi coiitKir-alumiriium, and this clearly has 
a general resemblance to that of the system 
copptT-zint‘. The ^-jihase in the system eopptir- 


aluminium has a body-centred cubic structure, 
and its composition is in the region of CUgAI. 
The equilibrium diagram of the system copper- 
tin has some of the same characteristics, and 
here the composition of the ^-phase is in the 
region of CUgSn. It was pointed out by Hume- 
Uothery that, if the elements were given their 
normal valencies Cu 1, Zn 2, A I II and Sn 4, 
the compositions CuZn, CUgAI and Cu^Sn all 
corresponded with a ratio of 3 valency electrons 
to 2 atoms. Other examples were quoted, and 


Atomic % Zn 



100 90 80 70 60 50 40 30 20 10 0 


^ Wt % Cu 

Fia. 1. 


the idea was taken up by Westgren and hia 
collaborators.^ As a result of this anc} later work 
it was show n that in a number of alloys of copper, 
silver and gold with the elements of the B-sub- 
groups, and with Be, Mg, Al and Si there was 
a general tendency for body -centred cubic struc- 
tures to occur nt a valency eloctron/atom 
ratio of 3/2, whilst y-brass structures were 
found at an electron/atom ratio of 21/13, and 
close-packed hexagonal structuaDs at an eleo- 
tron/atom ratio of 7/4. These phases may con- 
veniently be called electron compounds. The 


work of Bradley and Gregory * showed that 
ternary electron compounds could be prepared, 
the t 3 rpe of crystal structure remaining the same 
when the proportions of the atoms were adjusted 
so that the electron concentration (i.e. the ratio 
of valency electrons to atoms) had the value 
characteristic of the structure concerned. This 
conception was carried further by the work of 
Ekman ® and others, who showed that the same 
principle was followed in some alloys of the B- 
sub-group metals with elements of Group Vlll, 
provided 4hat the latter were assumed to possess 



283 


HUME.ROTHERY’S RULE. 


a zero valency. Thus in the Bystom iron-zinc, 
a phase with the y- brass structure was found to 
occur at a composition corrc8}X)nding to the 
formula FegZrijj. Here, if the iron is assumed 
to possess zero valency, there arc 42 valencj-^ 
electrons to 26 atoms, which gives the char- 
acteristic ratio 21:13 found in CUrZOb and 

The above relations were discoNci-ed em- 
pirically, and clearly suggcbted that in this class 
of alloy the electron concentration was some- 
times the prcHlominant factor in determining the 
type of structure, although in other cases it 
vas clear that the effect of electron concentra- 


tion waa outweighed by other factors. Of those 
the most important factor is the relative size 
of the different atoms, and, speaking generally, 
electron compounds are only formed in cases 
where the atomic diameters of the two elements 
do not differ too widely, the limiting difference 
being of the order of 25%. In ('ases where the two 
metals differ widely in electrochemical proper- 
ties there is a tendency lor electron compounds 
to disappear, and to be replaced by compounds 
which iH'gin to resemble those of a normal 
vahmey type. 

In Fig. 1 it w ill be seen that the aja-\-p and 
a-\-Pip phase boundaries have a characteristic 


Atomic % Af. 



Cu Weight % A! 

Fig. 2. 


shape showing that the solubility of zinc in 
copper diminishes at high temperatures. It has 
been shown empirically by Hume-Rothery and 
collaborators ® that this kind of phase boundary 
is controlled largely by the electron concen- 
tration, although the effects are modified by the 
relative sizes of the atoms in the alloy systems 
concerned, and these effects have been studied 
in detail by Hume-Rothery and Andrews.’ 
From the empirical point of view, therefore, the 
position may be summarised by saying that 
in this class' of alloy there are many cases in 
which both the type of structure and the form 
of the phase boundaries are determined largely 


by the electron concentration, although this 
simple principle is often obscured by the effect 
of other factors such as the relative sizes or 
electrochemical characteristics of the atoms 
concerned. 

These empirical relations received remarkable 
support from the theoretical work of Mott and 
Jones ® on the modem electron theories of 
metals, especially as regards the theories of 
Brillouin zones (Brillouin, “ Quantenstatistik,'’ 
Berlin, 1931). Jones ■ was able to show that 
for the y-bijp,ss structures the electron concen- 
tration was nearly that required to fiU the first 
Brillouin zone. Although in other cases the 
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explanation wnH more complicates], the electron 
theory clearly Huppfirtocl the view that electron 
concentration waa KomctimcH the predominant 
factor in determining the tvj»c of crystal struc- 
ture or the form of phase boundaries, and Jones 
even developed a theory of the a/jS l)raH8 equili- 
brium in reasonable agreement with the facta. 
The work of . Tones suggests that whilst the 
clfM'tron eoncentratum is often the important 
factor, there is no reason w hy this should corre- 
spond w ith simple wlwde number ratios of atoms. 
In the above description reference has been 
made to formulie such as CuZn, CU3AI, etc., 
in order to illustrate the jirinciple in a simple 
way, but. it must not be. imagined that these 
exact ratios hnv(‘ any particular significance, or 
that any definite molecular species exist with 
these compositions. The iinport.ant fact is that 
in the ditterent Hystems, phases of the same 
structure tend to occur at roughly the same 
electron concentration. 

Recent work by Lipson has extended the 
jirineiplc to defei t lat ti(‘eH. These are structures 
in which variation in eomjiosition takes place 
not by a process of substitut ion of one atom lor 
another, but by one kind of atom dropping out 
of the lattice. In sueh cases it has been shown 
that characteristic changes occur at compositions 
such that the number of electrons per unit cell 
remaiiiH constant, and this is in agreement with 
the expectations of the electron theory. In 
normal struetures with no defects, a constant 
number of electrons per unit <ell is equivalent 
to a eonstant number of electrons per atom, or 
a eonstant electron eoneeni ration, but in defect 
lattices the number of electrons }H'r unit cell is 
the fundamental eharaeteristie. 
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HUMIC ACID. The term applied from 
time to time to various acidic constituents of the 
black, spongy, semi- colloidal matter (humus) 
present in soils, peat, etc., resulting from the 
chemical and microbiological decomposition of 
plant and animal residues. Typical samples of 
humic arid arc prepared by extracting soil or 
jieat with very dilute alkali (concentrated alkali 
causes decomposition) and precipitating the 
browmish- black humic acid with dilute mineral 
acids. Numerous systems of purification or 
further fractionation have been adopted by 
different investigators. An average analysis of 
humic acid is C 61-9, H 4-2, N 3 3, O 30-6%. 

Much diseusHion has centred round the nitro- 
gen content of humic acid. Artificial humic 
acids, closely resembling the natural product, 
may be prepared by heating sugars with mineral 
acids. This suggests that the humi(^ acid does 
not contain nitrogen as an essential constituent. 
1’he nitrogen invariably present in natural 
preparations has been regarded as ammoniaeal 
nitrogen in ammonium humate. Not all this 
nitrogen, however, can be removed by customary 
methods for decomposing ammonium salts. 

Preparations still more clos(‘ly rt‘semblmg 
natural huniic acid are obtained by heating 
sugars with amino-acids under conditions 
favouring the production of hydroxymethyl- 
furfuraldehyde. The latter substance on ox- 
poHuro to air is showm to be polymerised in the 
course of some months to yield a black sub- 
stance, possessing the general properties of 
humic acid. 

Attempts to prepare artificial humic acid have 
been numerous, but although there is a general 
simdarity in the nature of the synthetic products, 
it cannot be established that any individual 
substanee has been isolated. Nor can it bo 
proved that any of the synthetic preparations is 
identical with the natural substance. Moreover, 
humic acid preparations from soil or peat vary 
considerably in their composition and properties 
according to the process of isolation adopted, 
and have not yet afforded proof that natural 
humic acid exists as a chemical entity. Many 
modem workers favour the view that the 
numerous preparations of natural humic acid 
consist of varied mixtures of substances similar 
in character but not chemically identical. 
Indeed Waksman, “ Humus,” Bailli^re, Tindall 
and Cox, 1938, suggests that to avoid miscon- 
ception the term “ humic ” acid should bo 
abandoned altogether. 

A. G. Po. 

HUMIDITY AND HUMIDITY CON- 
TROL. Introduction . — Humidity is a general 
term applicable to the water vapour content of 
any gas. It is rarely used for gases other than 
air, and this restricted meaning is used through- 
out this article, but the application of the state- 
ments toother gases will be obvious. 

There are three general methods of stating 
the humidity of air. The most fundamental is 
the absolute humidity w'hich is the mass of water 
per unit volume of air, and is usually expressed 
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in terma of grams per cubit* metre or grains ] 
per cubic foot. The absolute humidity at any i 
temperature can bo increased by adding water ' 
until the air becomes saturated, at which point 
it ia in equilibrium with liquid water at the same 
temperature. (It is true that in the absence of 
nuclei such as dust jjarticles or ions a super- 
saturated state may be obtained, but this is 
an unstable condition.) Humidity may also be 
quantitatively stated as the vapour pressure of 
water present in the air, but tliis is the least used 
of any methods of defining humidity, probably 
owing to the difficulty of measuring water 
vapour pressure in air by any simple direct 
method. Since water vapour obeys Boyl<‘’H 
law^ with considerable accura(‘y, the vapour 
pressure is proportional to the absolute liuiuidity. 

A much more useful measure is the relative 
humidity or percentaye saturation, which is 
defined as the active ab.solute humidity ex- 
pressed as a percentage of the maximum or 
saturation humidity at the same temperature. 
An alternative definition based on vapour pres- 
sures can be used and the difference between the 
two results is negligible in practice. Relative 
humidity is much more important than absolute 
humidity because it is closely related to the 
equilibrium moisture content of hygrosco}Me 
substances regardless of temperature changes, 
and has very direct application to such practical 
problems as drying. It should be noted that 
since the saturation absolute humidity and the 
vapour pressure of water increase with tempera- 
ture, the relative humidity of a given quantity 
of air can be lowered by heating and raised by 
cooling, although no water is added or taken 
from the air. 

Although humidity may be stated in these 
three ways it ia always possible to relate one 
to the other if the temperature is known. 
Tables of saturation absolute humidity and of 
vapour pressure at various temperatures are 
available and therefore all measurements of 
humidity can be expressed in the way most 
convenient to the puriiose in hand. 

Measurement of Humidity. — Absorption 
Method. — The moat fundamental method of 
measuring humidity is by absorption. A known 
volume of air ia drawm over substances which 
completely remove the water {e.g. phosphorus 
pentoxide or silica gel). The mass of water 
absorbed can then be determined by weighing. 
This method ia, how^ever, cumbersome and slow 
and is little used in practice except for basic 
calibration purposes. 

Wet and Dry Bulb Hygrometers. — The most 
usual method is to make use of the w^et and dry 
bulb hygrometer, which consists of tw’o mercury- 
in -glass thermometers, one of which has its bulb 
covered with muslin provided with a wick dip- 
ping into a water reservoir in order to keep it 
wet. Water then evaporates off the muslin at 
a rate depending on the relative humidity of the 
air, and the absorption of latent heat causes this 
thermometer to indicate a lower temperature 
(the wet bulb temperature) than the other which 
gives the dry bulb temperature. The difference 
of the readings is known as the bulb difference 
and from this the relative humidity is determined 
by reference to tables. 


It is essential that the muslin and wick should 
be clean and be renewed frequently, and that 
the w'ater should bo pure. It is possible to use 
a w'et and dry bulb instrument when the cover- 
ing of the w et bulb is frozen but care must be 
taken when the film of ice is thin. Detailed 
instructions for such measurement will be found 
in the “ Observer’s Handbook ” issued by the 
Meteorological Office in Great Britain, or similar 
publications in other countries. 

The tables generally used in Great Britain for 
this type of hygrometer are “ Hygromctrical 
Tables adapted to ‘he use of the Dry- and Wet- 
Bulb Tli(‘rmo meter,” by James Glaisher (4th ed., 
Taylor and Francis, London, 1800). To avoid 
the trouble of using tables, nomograms and 
various huiiiidity-calculntmg devices have been 
jiroduced anti these are often a help in reducing 
observations to terms of relative humidity. 
The MeteortJogicail Office issues a set of tables 
(M.O. 20.5) for use with wet and dry bulb 
thermometers exposed in Stevenson screens 
out of doors and these are intended for use in 
“ light airs,” w hereas Glaishcr’s tables refer to 
the thermometers in still air. If still air wn^re 
realised in practice, the sample of air which the 
hygrometer measun^d might not be the same as 
the rest of the space in which the observer was 
interested. If moving air be used it is found 
b}^ exporim(*iit that for the same relative 
humidity the bulb difference increases with the 
velocity, but fortunately above a speed of 3 
metres per sec. this increase is negligible. This 
fact forms the basis of two of the beat types of 
wet and dry bulb hygrometer. 

In the sling or v>hirling psychrometer two 
thermometers are fastened to a frame provided 
with a handle which enables them to be rotated, 
thus causing a stream of air to flow over the 
bulbs. This instrument is adopted as the stan- 
dard for the measuring of humidity by the U.S. 
Weather Bureau, and detailed instructions for 
its use will be found in ” Rsychrometric Tables,” 
published by the IT.S. Government Vrinting 
Office, Washington. Briefly, these may bo 
stated as follows : The bulb of one thermometer 
IS covered with a wick and moistened, and the 
instrument whirled rapidly for 15-20 seconds, 
stopped and quickly read, the wet bulb havmg 
attention first. The whirling and reading are 
repeated until the wet bulb reaches its lowest 
temperature. While whirling the psychrometer 
the observer should w'alk to and fro thus obtain- 
ing a lictter average reading. 

The other hygrometer employing moving air 
is called the Assmann psychrorn£,ter and is 
regarded as the best instrument of this t3'pe for 
standardisation purposes. A constant current 
of air is drawn by a fan driven by clockwork or 
by an electric motor over the bulbs of the two 
thermometers, one having the usual wet 
muslin cover. The bulbs are surrounded by 
highly polished metal shields so that the instru- 
ment is unaffected by radiant heat. The tables 
for use with it are practically identic'al with 
those of the whirling instrument, but the best 
tables are ” Aspirations Psychrometer Tafeln ” 
issued by thenPrussian Meteorological Institute. 
These tables originally covered the range to 
40°c. (104‘’f.), but this range has been extended 
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by Awbery and OriffithH (IVoc. IMiyHkal Sor. 
44 , 132) np to (212 'k). 

It is not necoHsar^^ to use in ere ory -in -glass 
tlirnnomoters, and nuTcury -in -steel thermo- 
nieters, 4'Jertri('Hl ri^sistaiH'e theTinoiiieters, 
thermo-couples nr even bi -metallic temperature 
indicators arc used in ('asea where the extra coat 
can be justitied. With tlu* mercury -in -steel 
thcrmomi'ters it is possible to obtain enough 
])ower for a ilireci reading of relative humidity 
liy means nf a linkage system connecting the 
two indicating methanisinH to a pointer (e.gr., 
Ratesori, .1. Mci. instr. 11132, 9, 94). With these 
variations from the usual mercury-in -glass 
thermometers records can be obtained and these 
are often of great value in industrial applications 
of humidity. 

Hygroscopic Methods . — Other methods of 
lueasuring humidity depend on the change of 
h'ugth of hygroscopic substances when in 
e(|iiilibriiini with atmospheres of ditterent 
relative humidities. The most commonly used 
substantes are hair, gold-beaters’ skin, animal 
or vegetable membranes or textile libix‘8. 
Tc'mperaturt; changes of normal magnitude have 
little effect on these materials, and when cleaned 
from grease they can therefore be used for indi- 
cating and r(‘cording instruments calibrated 
directly in relative liiiinidity. Ihiforbunately, 
the accuracy of such instruinonts is not great 
owing to lag and to changes of reading after they 
liave been subjected to high or low humidities. 
It has been show'll (D.S.J.K. Food Investigation 
Special Reiiort No. 8, 1933) that gold-beaters’ 
skin has the smallest lag and that horsehair 
maintains its calibration bettor than other sub- 
stances. Ill cases where extreme accuracy is not 
necessary such instruments are very useful as 
they can be ri'ad directly ; but they should be 
eheck4*d at intervals against a standurd hygro- 
meter. 

Dew Point Method. — W’hen air is cooled the 
relative humidity increases until the air becomes 
saturated. At this point (the dew point) water 
will be deposited as dew and this forms the basis 
of an accurate method of measurement. I 
order to detect the formation of dew a highly 
polished silver thimble is useil and arrangements 
are made for cooling it, for instance, by the 
evaporation of other. The temperature of the 
surface when the dew' forms is liest determined 
by means of a thermo-couple attaihed to the 
thimble. This method is not suitable fer 
general use but forms an excellent means o' 
calibrating empirical hygrometers. Full detaih 
of i*efinements obtaining high accuracy will be 
found in D.S.I.R. Food Investigation Special 
Report No. 8, 1933. 

Other Methods. — Many other ways of mea 
suring humidity have heon proposed from tim« 
to time but the only one which will be men 
tioned here is that based on the different thermal 
conductivities of humid and dry air. The 
method is therefore identical with ordinary 
methods of gas analysis by katharometer which 
were descril^d originally by Shakes pear and 
Daynes (Proc. Roy. Soc. 1920, A, 97 , 273) 
It is a very accurate way of detarmining small 
amounts of water vapour in gases. (For further 
details, see H. A. Daynes, “ Gas Analysis by 


Measurement of Thermal Conductivity,” Cam- 
bridge University Press, 1933.) 

Control of Humidity. — It will be clear from 
what has been said that the relative humidity 
in any enclosed space can be changed by beating 
ir cooling the atmosphere, but there is usually a 
rery severe limitation to what can be done in 
his direction and therefore control is efleeted 
ly adding or taking water from the air. Air is 
^aturated at room tem])eraiure w hen it contains 
ihout 11% water by weight. 7’hc weight of 
W'at<‘r, therefore, required to change the humidity 
jy 10%, which is a normal amount, is only 
)■!.')% of the weight of the air if there is no 
leakage of air or condensation of water. The 
mount of water needed is therefore in general 
small and in some cases very crude methods can 
le used. 

11 tnmdi fication. — To increase the humidity in 
a room it is often suffieient to sprinkle water on 
he door with a watering can fir to allow steam ^ 
to blow into the air from jets. The latter method 
iBually results, however, in the iritroduetion of 
much heat and the humidity in some cases is 
lowered when the steam is turned on. A far 
better way of introducing w ater is by means of 
specially designed Liimidiiiers which break iqi 
the water into very small drops in which eoii- 
dition it readily eva^iorates. The ahsoqition 
of lieat in this process is often a great liolp in 
increasing the relative humidity in factories 
where mafhiiKTy is giving off heat. The water 
may eithiT he sprayed into the air, being 
atomised by compressed air, or the spraying may 
occur in an enclosure, througli which air flow's, 
and in its passage is eonseqiiently humidified 
and washed. A third type combines the func- 
tion ol a humidifier and ventilating plant, since 
air is Immidified at some central jioint and 
distributed to various parts of the room or 
building by a trunking system. Tlie relative 
advantages of these three types of plant depend 
great!}' on the local conditions and cannot be 
discussed in detail here. 

Dthumidificaiion. — Interest in humidities 
lower than those normally occurring is generally 
the reason for installing a drying process. Jf it 
is allow'able to heat the air this is clearly the 
easiest way of obtaining the necessary low 
humidity and is the general practice in drying 
methods. If heating is not allowable it is 
necessary to absorb the W'atcr from the air. 
When relatively small volumes of air are to be 
handled, fused calcium chloride is a very useful 
substance as it is cheap and the solution pro- 
duced when water is absorbed is easily carried 
away by a drain. It has been found very useful 
in dehumidifying small laboratories and testing 
rooms. Sulphuric acid has been considered for 
tho same purpose but has usuaUy been rejected 
because of corrosion difficulties. 

It is often preferred to use an adsorbent sub- 
stance which can be regenerated. Silica gel, 
which is the best known example of this type, is 
pure silica manufactured in such a way as to have 
a porous structure which makes it capable of 
adsorbing up to 40% of its own weight of water 
without appearing wet or increasing in volume. 
When saturated it is heated and the water is 
given ofif, allowing the substani'c to be used 



287 


HUMIDITY AND HUMIDITY CONTROL. 


repeatedly {v. Vol. I, p. 1506). In praetice it is 
L arranged that three or four units are available, 
\)ne being in use while the others are being 
regenerated or cooled. The change-over between 
the units can be effected at definite intervals by 
automatic means if desirable. A fuff description 
of such plant by Lees will be found in Engineer- 
ing, 1932, 134 , 458. Alumina has been put for- 
ward as an alternative to silica gel and is used 
in very much the same wav (Engineering, 1941, 
152 , 400). 

Air-Conditioning Plants. — The jdants 
which have been described above arc designed 
to correct humidity by the dinict addition or 
removal of w^ater vapour, little regard being paid 
to tcni})oraturc. The object of an air-condition- 
ing plant is to deliver at every point in the region 
served air which has been washed free from dust, 
at the desired temperature and humidity and 
with the (“orrcct air movement. The basic 
princijile of such plant.s is that air is saturated 
with water at such a temperature that when it is 
heated to room temperature it will have the 
correct rclatuo humidity. This may bo a pro- 
cess of humidification or dchumidification 
according to circumatances, and air may also 
bo heated or cooled during the proceas. The air 
is saturated by passing it through a very dense 
spray of water in a large chamlHir. Raffle plates 
remove any water drops and the air then i)aH.seR 
through a heating chamlHT to give it the correct 
leinperature. After this a fan delivers it to the 
distribution system. Details of the construction 
of such plants will bo found in Moyer and Fittz., 
“ Air (bnehtioning,” McCraw Hill Rook ( -o., New 
York, 1938. The* control of these plants may be 
effected in many ways. The simplest of them 
is to use two thermostats which c-ontrol thc^ 
temperature of the s[»ray-w'ater and of the air 
as it leaves the plant. 

When air is saturated in the manner descrilwd 
it is brought to a temperature known as the 

tempeiature of adiabatic saturation ” which, 
as jjointed out by C^arricr (Trans. Amer. Soc. 
Meeh. Kng. 1911, 1005), is the same as the wet 

bulb temperature obtained in a viuitilated wet 
and dry bulb hygrometi*!-. The connection 
between the two cannot be explained on a 
theoretical basis, but the agreement in most 
cases is so close that the adiabatic saturation 
temperature is often spoken of as the wet bulb 
temperature. 

When very low humidities arc rcipiired with 
an air-conditioning plant it is necessary to cool 
the spray-water by a refrigerating plant or by 
some method such as rapid evaporation in a 
vacuum. 

Automatic Humidity Controls. — The best 
results with a humidifying or dehiimidifying 
plant can only be obtained with automatic 
control. An instrument for this purpose is 
essentially a hygrometer, fitted with some device 
to start the plant when the humidity departs 
from the desired value. The commonest form 
of control or “ hygrostat ” makes use of the 
change of length of hairs, textile threads or gold- 
beaters’ skin. This type usually behaves very 
well as it is not ■subjected to largo changes of 
humidity if the plant is kept running con- 
tinuously. Another typo is based on the wet 


and dry bulb hygrometer, which, if it works on 
a true humidity basis, is complicated because 
the readings of two thermometers have to bo 
subtracted and then corrected for temperature. 
This can be avoided by using a wet and dry bulb 
thermostat, but a small error in either instrument 
may then cause a considerable error in hiimiiJity. 

The transmission of the indication of the 
hygrometer to the plant being controlled can 
be carried out electrically or by compressed air. 
The electrical method of transmission appears to 
be the simplest, but chattering of contacts often 
causes trouble with relay.s ami this problem has 
to be given special consideration. With the 
compressed air nie.thod the sensitive element 
opens anti closes a small leak in a system which 
is sii})plied through a smaller orifice, and conse- 
quently the prt'sence or absence of the leak causes 
a large change of pressure winch is employ etl 
m operating diaphragm valves or dampers. 
Space does not allow' mi'iitioii to be made of the 
many ingenious applications of these ]irinciple8 
under practical working conditions (acc Bihho- 
graphy). 

Humidity Control in Experimental Work. 
— In any research or testing work with hygro- 
scopic substaiKiOs it may be necessary to control 
tlic humidity under which the work is carried 
out. If all the necessary operations can be 
carried out in an air-tiglit box it is often very 
simple to control the humidity by means of a 
large tray of saturateil salt solution in the en- 
closure. This has a definite vapour pressure 
and therefore at a given tcmjierature a fixed 
relative humidity. Tables of values will be 
found in “ International Oitieul Tables ” (Vol. J, 
p. 07). Sodium eliloride may be specially men- 
tioned, since its solubility changes little with 
temjierature and therefore over a range of 
temperature it gives a relative humidity of 
approximately 73-75%. Sulphuric acid and 
glycerin solutions have been used for a similar 
purpose, but as they absorb or lose water their 
strength is changed and thendore tlie humidity 
is not constant as in the case of saturated salt 
solutions. Tables relating to sulphurie acid 
were given by Wilson (J. Jnd. Eng. Chem. 1921, 
13 , 320). 

Where it is impossible to work in a stnall en- 
closure it is necessary to humidify the whole 
of the room. As accurate liumidity control can 
only be effected when the temperature is also 
eontrolled, it is advisable to choose a room the 
temperature of whi(h can be maintained con- 
stant. It should theieforo have few or no 
windows and if possible an air- lock at its 
entrance. The huuiiriity ijan be lowered by fans 
drawing air through a tower containing calcium 
chloride and raised by passing it through a 
similar tower (containing wet pumice or coke. 
The fans can be controlled by any suitable type 
of electrical humidity control operating through 
relays- 

Industrial Importance of Humidity. — 
In the appli(‘ation of seientific principles to in- 
dustry, humidity is assuming an ever increasing 
importance. This is obvious in connection with 
aU problems re||iting to drying processes but 
there is also a much wider scope. When in- 
dustrial materials are reviewed it is found that 
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a very large proportion are hygroseopic in 
character. A clone invcHtigation of their work- 
ing proy>ertieH nhown that weather often has 
profound (;fl'e< tH oven in a building where the 
temperature in maintained approximately con- 
stant. These elTeets are therefore due to the 
ehanges of hiiniidity anrl it is olten economically 
sound to change the humidity artificially to 
ensure the* best working conditions. 

The behaviour of hygroscopic materials is to 
a large extent bound up with the formation of 
electrostatic charges. At high hiimidities the 
rate of leakage of these charges is so great that 
they ar(‘ not detectable, but at low humidities 
they may become so marked as to exert con- 
Hich'rable forces on the material being w'^orked. 
Thus, m the textile trades threads and fabrics 
under dry conditions are often distorted from 
their normal yiaths through maehities and become 
attached to any neighbouring earthed conductor 
with a resultant i)r(‘akdowii of the working. 
Another effect of these (disetrostatic charges is 
that dust or other small jiartiiles arc often 
thrown ofl' into the air causing discomfort and 
c'ontamination. This effect is enormously re- 
duced by the increase of humidity. Further, 
electrification may become so serious in some 
eases that sparks occur and in the presence of 
inflammable fibres the risk of fire is very con- 
siderable. Humidilication has been used to 
reduce such risks. 

Low humidities are of great value in works 
producing cables, traiisfornieis and other elec- 
trical apparatus in which the insulation must be 
kept in a very dry state. 

Humidity and Human Comfort . — While the 
full oonsideration of tins subject is outside the 
scope of this article, it should be noted that 
humidity is a large factor in the comfort ron- 
ditioTiH of an atmosjiliere eH])eeially in hot 
climates, the other factors being temperature 
and air movement. In Great llritain this sub- 
ject lias not therefore received as much attention 
as ill Aineric^a. The jilants for giving com- 
fortable conditions in large buildings are usually 
of the air-eonditioiiing type fitted with re- 
frigerators. The design of these plants is based 
on the results of inueh research work and excel- 
lent results are obtained. 

Various instruments have been designed for 
measurement of comfort conditions, the best 
known of which is the katathernumieter designed 
by Sir Leonard Hill. This is essentially an 
alcohol thermometer with a large bulb. The 
time for the temperature to drop from 100°f. to 
yr>°F. is measured. From this a “ cooling 
power ” is determined and this has been related 
by much experimental work to comfort con- 
ditions. Another instrument is the eitpatJieo- 
scope which is a black -painted copper cylinder 
22 in. high by 7^ in. in diameter heated to 
75 °f., the loss of heat from this being recorded 
and sealed in figures of “ equivalent tempera- 
ture.” For a full description, see D.S.I.R 
Building Research Board Technical Paper, 1932, 
No. 13 (H.M. Stationery Office). 
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in M. C. Marsh, “ Controlled Humidity in 
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MeGraw Hill Book Co., 1940. Reference should 
also bo made to the “ .Tournal of the Institution 
of Heating and Ventilating Engineers,” Londlon, 
and the “ Transactions of the American Assodia- 
tion of Heating and Ventilating Engineer^,” 
New York, also to two American periodicals, 
“ Heating, Piping and Air (conditioning ” and 
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HUMULENE {v. Vol. 11, 92a, 408d). 

HUMULON (r. Vol. II. 92a). 

HUNGARIAN TURPENTINEistheoleo- 

resin obtained from Pinus pumiho Haenke. 

HUTCHINSONITE. Sulpharseniteof thal- 
lium, lead, silver and copper, 

(Tl, Ag,Cu)2S- AS2S3+ PbSASjSg, 

crystallised m the orthorhombic system, and 
one of the few' minerals that contain thallium 
(18-25%) as an essential constituent. It is 
of rare occurrence as minute, red, transparent 
crystals in the white, crystalline dolomite of the 
Binncnthal in Switzerland. 

L. J. S. 

HYACINTH or JACINTH . A name 
loosely applied to several kinds of gem stones of 
a yellowish -red or red shade, but more usually to 
zircon (native zirconium silicate, ZrSi04). 
Other stones of similar colour to which the name 
is Horactimes applied include : ferruginous quartz 
from Santiago de C^ompostclla in the north of 
Spain (Compostella hyacinth) ; hessoiiite ('c. 
Garnet) ; brown iodocrasc or vcsuvianiic from 
V^esuvius ; yellowish-red spinel from Minas 
Novas, Brazil ; topaz from Brazil ; and reddish- 
brown eorunduiu (Oriental hyacinth). The 
vaKivdos or hyacirdhus of the ancients was, how- 
ever, a blue or purple stone, probably corundum 
(sapphire), or perhaps amethyst. 

L. J. S. 

HYACINTH (Artificial). Practically all 
hyacinth perfumes are based on two important 
syiitheiir's, the natural jicrfume being rarely 
used. These two synthetics are to-bromo- 
styrene, PhCH:CHBr, m.p. 7°, b.p. 220“, 
rf 1-4220, Wj) 1-6094; and phenylacetaldcliydc, 
PhCHg-CHO, b.p. 205-207“, d 1060-I-b85, 
n 1-6265-1-5345. The latter important modem 
synthetic perfume is necessary in all the more 
delicate perfumes of the hyacinth and narcissus 
types, for which bromostyrene is rather coarse ; 
but it is very apt to polymerise, and should be 
kept in dilute alcoholic solution. 

E. S. P. 
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k HY^NIC ACID (CjijHgQOg?) haa been 
^tated to occur aa a glyceride in the secretion of 
xhe anal glandular pouches of the striped hyaena 
(CariuB, Aiinalen, 1864, 129, 168); the acid, 
•which was stated to melt at 77-78"', probably 
consisted of a mixture of homologous fatty acids 
with an even number of carbon atoms. 

E. L. 

HYALOPHANE {v. Vol. I, 6316). 

HYDANTOIN, glycollylurea, 

.NHCHa 


^\nh(!:o 


is found together with allantoin in the leaf buds 
of Platavus oriEtitalis (Linn.) (Schulze and 
Barbieri, Ber. 1881, 14, 1834); in beet juice 
(e. Lippiuann, ibid. 1896, 29, 2652); also in the 
pale sprouts growing from beets in moist warm 
weather (Pauly and Saut(T, ibid. 1930, 63 [B], 
2063). It is prepared (1) by reducing allantoin 
or alloxanic acid with concentrated hydriodic 
acid at 100° (Bayer, Annalen, 1864, 130, 158); 
(2) by the action of excess of alcoholic ammonia 
on bromoacetylurea at l(X)° (Bacyer, Ber. 1876, 
8 , 612) ; (3) by the condensation of sodium di- 
hydroxy tartrate and urea in the presence of 
hydrochloric acid at 50-60“ (Anschutz, Annalen, 
1 889, 254, 258) ; (4) by the condensation of 
glyoxal and urea iii the presence of hydro- 
chloric acid (Siemonsen, ibid. 1904, 333, 109) ; 
(5) from the compound : 

HO CH NH., 




(which is formed from formaldehyde and urea 
in water) by heating with hydrochloric acid 
(Pauly and Sauter, Lc.) ; (6) from amino 

acetonitrile by the action of potassium cyanato 
(Biltz and Slotta, J. pr. Chem. 1926, [iij, 113, 
233) ; (7) from ethyl hydantoato by heating at 
135° for 7 hours or by warming with 25% hydro- 
chloric acid (Harries and Weiss, Ber, 1900, 33, 
3418), or by heating with alc(»holic ammonia at 
100° (Harries, Annalen, 1908, 361, 69) ; the ethyl 
hydantoate is prepared by the condensation of 
glycine ethyl ester hydrochloride with potassium 
cyaiiate (Harries and Weiss, l.c.) or by the inter- 
action of glycine ester and sodium ethyl car- 
bonate (Diels and Heiiitzel, Ber. 1905, 38, 305). 
It may be prepared from hippuric acid by con- 
verting it into 1 - benzoyl- 2 - thiohydantoin 
(formerly 3-henzoyl-) (Johnson and Nicolet, 
J. Amer. Chem. Soc. 1911, 13, 1973) and then 
desulphurising this compound with an aqueous 
solution of chloi’oacetic acid (johnsem and 
Bengis, ibid. 1913, 35, 1605). It is obtained 
from glycine by treatment with potassium 
cyanate and glacial acetic acid and evaporating 
the hydantoio acid so obtained to dryness with 
hydrochloric acid (West, J, Biol. Chem. 1918, 
84, 188 ; Wagner and Simons, J. Chem. Edu 
cation, 1936, 13, 265); and a yield of 90% is 
obtained by the condensation of glycine wdth 
nitrourea (Sah and Liu, A. 1937, 390). 

Hydontoin crystallises in colourless needles, 
m.p. 216'^ (Schulze and Barbieri, Anschutz, H.c.) 
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217-220° (Harries and Weiss, l.c.) ; its heat of 
combustion at constant volume is -f 312-4 kg.- 
;al., and heat of formation -fl09 kg.-cal. 
IMatignon, Ann. Chim. 1893, [vi], 28, 70). Its 
dissociation constant Ka is 7-69 x 10“^“ (Wood, 
'^hil. Trans. 1906, 1833); the dielectric oo- 

ifiicient "=6-4 (c=dielectric constant, r -con- 
centration) (Devoto, Gazzetta, 1933, 68 , 50). For 
.he absorption of light by hydaiitoin, see 
Asahma, Bull. Chem. Soc. Japan, 1929, 4, 202. 
'rradiation with a (juartz lamp causes oi^eiiing of 
he ring since no ammonia is evolved but the 
imino-N (van Sl>ke) increases considerably 
Lieben and Gelreucr, Biochein. Z. 1933, 259, 1). 
t IS .sparingly suluble in cold, readily in hot 
water, and the Holiition has a sweetish taste; it 
soluble in 10 parts of boiling aeetie acid. 
Hydaiitoin is not attacked by ammonia, liydro- 
■lilorie acid or dilute nJtrie aiid ; when boiled 
with baryta watt r it is converted into the barium 
salt of hydantoic aeid, the heat of eoinbustion of 
which is 308 9 kg.-cal. and heat of formation 
f IHl 6 kg.-cal. (Matigiion, l.c.}, m.p. 179-I8(f’. 
Heating with ammonium sulphide at 150 155° 
a sealed tube or boiling f(*r 120 hours with 
dilute ammonium sulphide gives glycine (Harries 
and Weiss, Annalen, 1903, 327, 380; Boyd and 
Kobson, Biochem. J. 1935. 29, 542). The action 
of reductases from milk, blood. ]MincreaH or liver 
extract causes cleavage with hlx-ration of urea 
(Wada, Proe. imp. Aeail. Tokyo. 1934, 10, 17). 
ill its physiological action, hydaiitoin has a slight 
hyperglyeirmie cfh-et, ('ountciacting to some 
extent the inthn-nee ol insulin (Isshiki, Folia 
Pharmacol. Japan, 1932, 15, No. 1. Brcviaria 4). 

Hydaiitoin forms sodium and potassium salts 
whicli are soluble in alcohol with diOicnlby and 
are hydrolysed by water (Bailey, J. Amer. (^hem. 
Soc. 1906, 28, 392). The silver derivative, 
C3H,0,N,Ag,H,0. is precipitated by silver 
nitrate from an amnioniaeal solution ol hydan- 
toin (Weiss, Annalen, 1903, 327, 375; (f. Bacyer, 
Annalen, 1864, 130, 160). 

When equal weights of hydantoin and para- 
baiiic acid are heated at 150° for 1^ hours, 1:5 
dehydro-ty:5' -dihydantyl, 


CO NH CH- 


CO-^NH 


m.p. 178°, is formed; its sodium salt is yellow 
and crystallises from 20% sodium hydroxide 
with 4HgO, m.p. about 140°; reduction with 
hydriodic acid regenerates hydantoin (Biltz and 
Lachmann, J. pr. Chem. 1933, [lij, 136, 217), 
Spiro-r):ti-dihyd,a7iloin, 

NH— CO. /NH— CO 

io— nh/ \co— Kih 

prepared by boiling 6-amino-4-hydroxy-4:6- 
dihydrouric acid with concentrated hydro- 
chloric acid, it crystallises in stout rhombohedra 
which slowly bfacken and decompose above 
400°. It is remarkably stable towards acids, 
and is not attacked by alkaline permanganate ; 
it is converted by hot concentrated aqueous 
barium hydroxide into aUantoin. It is the 
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parent substance of hypocaffeine {trimethyl- 
spiro-5:5-dihydarUoin) (Blitz and Heyn, Annalen, 
1916, 418, 38). 

With 3:5-dinitr()benzojo arid in alkaline solu- 
tion, hydantoin gives a purplish-rose colour (also 
given by many creatinine derivatives) which can 
be used for colorimetric deterniination (Benedict 
and Beshre, J. Biol. Chcni. 1936, 114, 515). 

Substituted derivatives of hydantoin are 
referr(‘d to the ring. 


ocM 


NHCH. 


NH-cd) 


With regard to the isomerisation of hydantoin 
see Hahn and Scikcl, J. Anier. ('hem. iSoc. 1936, 
58, 647. 

6-Nitrohydantoin, 

/NHCHNO„, 

OC^ I 
"NHCO 

prepared by the action of nitric acid on hydan 
toil!, forms shining crystals, melting and dceom 
posing at 170° (Franehimont and Klobbie, Rec 
trav. ehim. 1888, 7, 12; Harries and Weiss, 
Annalen, 1903, 327, 373). 

6-Aminohydantoin hydrochloride, 5-Car 
boxyaminohydantom {hydroxonic acid) (1), ob- 
tained by the reduction of potassium allantoxa 
nate (Ponomarev, Annalen, 1879, 226, 228, 461 ; 
V. Vol. 1, 239f/) when boiled with acetic an- 
hydride yields l:3-dia(‘etyl-5-acctylaminohy- 
dantoin (II) which is hydrolysed by boiling with 
a methyl alcoholic solution of H(il to give the 
hydrochloride of 5-aminohydantoin, in.p. 218- 
222° (III). The free base has not been isolated 
(Biltz and Giesler, Ber. 1013, 46, 3423; Biltz 
and Hanisch, J. pr. Chem. 1925, |iij, 111, 149): 

.NH CH NH CO.,H 
OC^ I 
^NH CO 


^NAc CH NHAc 

*\nAc-(1o 

II. 

.NHCHNH.HCI 




1:3-Diacetyl hydantoin, obtained by the 
action of acetic anhydride on hydantoin, has 
m.p. 104-105°, and yields l-aeeiylhydantoin, 
in.p. 143-144°, when boiled with water, and this 
forms a sparingly soluble lead salt (Harries and 
Weiss, Annalen, 1903, 827, 355; Siemonsen, 
ibid, 1904, 888, 101). 

l:3-Dlchlorohydantoiny obtained in the 
form of lustrous crystalline leaves, m.p. 120- 
121°, by the action of chlorine on an aqueous 
solution of hydantoin, has thb characteristic 
properties of a chloroimino compound (Harries 
and Weiss, l.c.; Siemonsen, lx.; Biltz and 


Behrens, Ber. 1010, 43, 1084). Attempts to / 
prepare bromine derivatives of hydantoin havey' 
been unsuccessful ; by the action of mol. o* 
bromine, hydantoin is converted into iaoallituric 
acid, 

.NH CH-N— CH„. 

nc/ I I Nrn 


io t 


m.p. 258-260°; when a larger proportion of 
bromine is employed, parabanic acid (oxalyl- 
urea) is formed, probably from an intermediate 
5:5-di bromo-derivati ve. 

Coudenaaiion with Aldehydes , — Hydantoin con- 
denses with formaldehyde (1-3 mol.) in aqueous 
solution to form 1- (or 3-) hydroxymethyl- 
hydantoin, m.p. 125-135°; this yields chlorb- 
methylhydanioin, C^HgO^Ng^l, m.p. 150-1 5'i^°, 
whtm trcati'd with phosphorus pentachloridc 
concentrated hydrochloric acid. When hyV 
dantoin is warmed with formaldehyde in thq 
presence of aidds, more complex products are'^ 
obtairii'd (Behreiid and Niemeycr, Annalen, > 
11K)9, 365, 38). 

Hydantoin condenses wilh aromatic alde- 
hydes in the presence! of glacial acetic acid and 
sodium acetate or in }>yridme solution m the 
presence of piperidine or diethylaminc, to form 
compounds of the type (1), which on reiluction, 
e y. with ammonium sulphide in aqueous or 
alcoholic solution or with hydrogen .suliihidc in 
pyridine, yield the eorrespondiiig 5-aryl -mh- 
stituted hyilaiitum (II), 


/NHC:CHR 
OC( I 
^NH'CO 


^NH CH CHjR 

\nh(!:o 


The following eompounds have been described : 

5-Benzaihydantom, m.p. 220° ; .Johnson and 
Bates (J. Amer. Chem. 8oc. 1915, 37, 383) record 
two isomeric modiheations of bcnzalhydantoin ; 
the ordinary form (oifi), m.p. 220°, and a trans- 
form, m.p. 246°, which cry-stallises in aggregates 
of distorted needh^s (r/. Komatsu, Mem. Coll. 
Sei. Eng. Kyoto, 1912, 5, 13) ; for the absorption 
spectra of the two forms, see Hahn and Evans, 
.J. Amer. Chem. Soc. 1928, 50, 806 ; and Asahina, 
Bull. Chem. 8oc. Japan, 1930, 5, 354. 

ri-Aniaalhy(ktTUoin, m.p. 243-244° (decomp.) 
yields a 6ro7no-derivativc, m.p. 247°; and on 
reduction witli hydriodic acid forms 5-p- 
hydroxybenzylhydanioin {tyrosine hydantoin), m.p. 
257-258°, from which tyrosine is obtained by 
prolonged boiling with hydriodic acid. The 
tyrosiiichydantoin, m.p. 276-280°, described by 
Blendermann (Bied. Zentr. 1883, 209) is probably 
an optically active isomeride of this compound. 
p-llydroxybenzalhydantoin has m.p. 315° (Boyd 
and Robson, Biochem. J. 1935, 29, 542) ; 
jnperonalhydantoin, m.p. 245°. For the methyl 
ithers and acetoxy- derivatives of 3 ':4' -di- 
hydroxy benzalhydantoin, see Deulofeu and 
Mendivelzua, Z. physiol. Chem. 1933, 219, 233. 

5-Cinnamalhydantoin, 

^NHCO 


I 

\nHC:CHCH:C 
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crystalliaes from hot glacial acetic acid in clusters 
yf canary -yellow needles w^hich melt at 272-273° 
\o a red oil (decomp.) (Johnson and WrenshaU, 
J. Anier. Chem. Soc. 1915, 37, 2133). ^-Fural- 
%.ydantoin has m.p. 23 2"* ; for the absorption 
spectrum, sec Asahina, Bull. Chem. Soc. Japan, 
1930, 5, 354. 

3':5'-Dich1oroA'-hydroxybenzalhydantoin, 

^NHCO 

oc< I 

NHCiCHCgHgClaOH 

m.p, 300°. B ji-Nitrobenziilhydantotnt m.p. 254° 
(Wheeler and Hoffman, Amer. Chem. J. 1911, 
46, 308). ry-o-NitrobenzalhydaiUoin has m.p. 
278-280°; nitration gives l-nitro-5(o-nitro- 
benzalj-hydantoiri, m.p. 224-220° ; bromiuation 
in acetic acid gives the yellow l-bromo-5(o- 
nitrobenzal)-hydantoin, m.p. 247-248° ; while 
chlorination in acetic acid gives l:3-dichloro-5- 
(o-nitrobenzal)-hydantoin, m.p. 180-182° (de- 
comp.) (Koziik and Musial, Bull. Acad. Polonaise, 
1930, A, 432 j. 

Alkyl and aryl substituted derivatives. 
1 - M ethylhydantoirif 

.NMe-CHo 
OC< ' 

^NH— Co 


obtained by methylating hydantoin by means of 
methyl iodide, potassium hydroxide and methanol 
at 100° (Franchimont and Klobbie, Rec. trav. 
chim. 1889, 8, 280; Siemonsen, l.c.), or with 
methyl sulphate (Biltz and Slotta, lx.) ; from 
methylurea and glycine (Guareschi, Chem. 
Zentr, 1892, I, 140) ; or by heating ^-methyl- 
allantoin with hydriodic acid on the water bath 
(Fischer and Ach, Ber. 1899, 82, 2740) ; it 
crystallises in prisms, m.p. 182° and is very 
easily soluble in alcohol and boiling w'ater, wdtli 
difficulty in ether. The l /nYro-derivative has 
m.p. 108° (Franchimont and Klohbic, lx.) and 
the l-acefyl-dorivative forms needles, m.p. 134- 
135° (iSieraonseii, l.c.). 

3-EthylhydarUoin crystallises in leaflets from 
water, in prisms from alcohol, m.p. 103° (Bailey 
and Randolph, Ber. 1908, 41, 2498 ; Harries 
and Weiss, Annalcn, 1903, 327, 378); nitration 
gives 1 - n itro-3 -ethylh ydunioin . 

\:3-l)imcthylhy(lantoin is formed by the action 
of diazomethunc on 1-methylhydantoin ; it has 
b.p. 174°/34 mm. 

l:!y-Dimethylhydantoin has m.p. 161-162° 
(Pinner, Ber. 1888, 21, 2320) and yields l-indhyl' 
5‘brornomethylcnehyda7itoi n , 


OC 


/ 

\ 


NMe C:CHBr 

I 

NH— CO 


may bo prepared (1) by fusing sarcosine and 
urea (Uupperi, Ber. 1873, 6, 1278; Horbac- 
zew'ski, Monatsh. 1887, 8, 586) ; (2) by passing 
cyanogen chloride through fused sarcosine 
(Traubo, Ber. 1882, 15, 2111); (3) by heating 
hydrocaffuric acid with baryta water (Fischer, 
Annalen, 1882, 215, 286); (4) by reducing 3- 
methylallantoin with hydriodic acid (Fischer and 
Ach, Ber. 1899, 82, 2748); (5) from methyl- 
hydantoic acid by long heating at 100-120° 
(Baumann and Hoppo-Seyler, ibid. 1874, 7, 37; 
Salkowski, ibid. p. 1 88) ; (6) from the urea ob- 
tained by the action of potassium cyanate on 
methylaminoacetonitrile hydrochloride by treat- 
ment with hydrochloric acid (Biltz and 81otta, 
J. pr. Chem. 1926, [iij, 113, 233). It forms 
easily soluble prisms, m.p, 156°, from aqueous 
alcohol but sublimes in leaflets ; the silver 
derivative, C 4 H 502 N 2 Ag, forms difficultly 
soluble leaflets which Itecomo browm at 100°. 
It is considerably oxidised when administered 
subcutaneously to dogs (Gaebler and Koltch, 
J. Biol. Chem. 1926, 70, 763). When heated with 
methylparabanic acid, 1-methylhydantoin yields 
dimethyl-5:5'-bihydantylidonc, m.p. 273° (Biltz 
and Lachmann, lx.). l-Ethylkydantoin, ob- 
tained by heating eqiiimolecular quantities of 
ethylglycine and urea at 120-125° (Heintz, 
Annalen, 1865, 183, 66) or from N-cyanoinethyl- 
-N-ethylurea (Biltz and Slotta, lx.), crystallisos 
from alcohol and ether in rhombic plates, m.p. 
103-104°, sublimes and is very easily soluble in 
alcohol and water, loss so in ether ; with diazo- 
methane it gives l-eihyl‘3-m€ihylhyda7Uoin, m.p. 
93° (Siemonsen, Annalen, 1904, 888, 113). 

3 - Methylhydantoin, 


.NH— CH. 
^NMeCO 


m.p. 143-144°, by the action of bromine (Gabriel, 
Annalen, 1906, 348, 60). 

l-Phenylhydantoin from N-phenylglycine and 
urea or from chloracetylurea and aniline crystal- 
lises in needles, m.p. 191°; with potassium in 
alcohol it gives tho potassium derivative, 
CjH^OoNgK, which decomposes at 370-378°, 
and is nydrolysed by water; bromination in 
acetic acid leads to substitution in tho phenyl 
group (p-position) (Breustedt, J. pr. Chem. 1902, 
|ii], 66, 254). l-Phenyl-3-methylhydantoin melts 
at 185°; \ -phenyl-3 -acetylhydantoin has m.p. 

145-146° (Biltz and Slotta, lx.). \-p-Tolyl- 
hyduntoin has m.p. 210” (8chwebcl, Ber. 1877, 
10, 2045; 11, 1128); 3-p Tolylhydantoin, from 
^-tolylurea and glycine, has m.p. 206° (Quonda, 
Chem. Zentr. 1892, I, 140); 3-o-tolyl-5‘.5- 

dimelhylhydanioinf 


MeCjH^N— CO 


I ^ 

conh/ 


CMe, 


crystallises in thin prismatic plates, m.p. 172° 
(Bailey and McPherson, J. Biol. Chem. 1916, 11, 
2526; Ber. 1908, 41, 2497). \-Ani8yl-3- 

methylkydardoinliSA m.p. 194°; \-ani8yl-3-axelyl- 
hydantoin, m.p. 172°. 

Homologuesof hydantoin containing one or two 
Bubstitutents in position 5 are most numerous 
and are prepar^ by the following general 
methods : (1) from the cyanhydrin of an alde- 
hyde or ketone containing the group 

— COCHj— 

by the action of urea (Pinner, Ber. 1887, 20, 
2351; 1888, 21* 2300; 1889, 22, 685) or am- 
monium carbonate (Bucherer and Steiner, J. pr. 
Chem. 1934, [ii], 140, 291 ; Wagner and Simons, 
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l.r.). Modificaiionfl of this method are due to 
Herbst and Johnson (.f. Amer. (’hem. Soe. 1932, 
54<, 2493) who prepared the aminonitrile from 
the carbonyl compound hy tlie action of hydro- 
cyanic acid and ammonia, converted this to the 
ureidonitrilc w'itli ])otaHHium cyanato and then 
cyclised hy warming with 20% hydrochloric 
acid, iicrgs (Gl.l\ 560094) and also Slotta, 
Bchnisch and Szyszka (Bcr. 1934, 67 [B], 
1529) lieat the carbonyl compound with a 
cyanide and Hinmonium ciarbonate under 
pressure of carbon dioxide (2) By the action 
of (Idutc hydrochloric acid on the hydantoic acid 
obtained by evujioratiriK to dryness a solution 
r>f an a-amino-acid and potassium eyannte 
(Dakin, Amer. (^lein. . 1 . 1910, 44 , 48). This 
reatjtjoM is proposed for use in characterising 
and isolatin^^ aniino-acidH (Boyd, Biochern. J. 
1933, 27, 1838). Alternatively, the amino-acid 
may reaet with urea and baryta water (Lippnh, 
Ber. 1908, 41, 2953). (3) By rednein^ the eom- 

poiind obtained by the eoiidensation of hydan- 
toiri with an aromatic aldehyde (Wheeler and 
lloll'mann, l.r. ; Boyd and Hobson, l.c.) and (4) 
from a substituted makmdianiide by treatment 
with hypochlorite, the intermediate ehloroamide 

RR'C(C0NH2)C0NHCI (e.< 7 . R-R'-Et, 

in.p. ISn"’) eyclisiiig spontaneously in solution at 
room temperature (Rmkes, Rcc. trav. ehim. 1927, 
46 , 268). S-Substituted hydantoins can show 
optical activity and may bo obtained in active 
forms by resolution with bases, e.ff. brucine, or 
from optically active hydantoic acids or amiiio- 
aoids by method (2) above (Sobotka, F.P. 
736319; kSobotka, Holzinan and Kahn, J. 
Amer. Chem. Soe. 1932, 54 , 4697). 

[)- Mclhylhydontom (lactylurea), has m.p. 14(r 
or 145^' (Heintz, Aimalon, 1873, 169, 125 ; Urceh, 
Ber. 1873, 6 , 1113) and on brommation yields 
5 -brom o methylr w e hyda nloin, 

^NHC:CHBr 
OC< I 

''NH CO 


in.p. 241-242" (Gabriel, Annalen, l.r .) ; r^-jurthyl- 
5-ni trohyda nloin , 


OC 


/NH-CMe NO 

< I 

\nhco 


a 


m.p. 148” (F'k'anchimont and Klobbie, Ree. trav. 
ehim. 1888, 7, 13). 5~Efhylhydantoin, m.p. 1 IT- 
US”, yields odtromoeikylidenrhydanioin^ m.p, 
230-236”, on broinination (Gabriel, l.c .) ; 5- 
propylhyduntoin has m.p. 136-5”; 5-isopropyl 
hydantoiny m.p. 146” (Bergs, l.c.); 5-isobutyl- 
hyduntoiny m.p. 209-210” (Pinner and Lif- 
sehiitz, Ber. 1887, 20 , 2351), 212* (Lippich, ibid. 
1908, 41 , 2953) ; \-5-isobutylhydantoin, m.p. 
212”, [a]{y -68-2” in normal sodium hydroxide 
solution, becoming zero in 30 hours owing to the 
ability of the ring carbonyl groups to onolise. 
5-Phenylhydantoin, ra.p. 178”; the 5-ace/y^de- 
rivative has m.p. 145° (Pinner, l.c .) ; the 5- 
hromo-derivative melts above 200”, and is decom- 
posed by hot water yielding 5-/iydroxy-5-phenyl- 
hydantoin (Gabriel, Annalen, 1906, 860 , 118). 
1:3- Dimethyl-5-hydroxy-5-phenylhydantoin has 


m.p. 1 1.5-1 18” (Biltz and Bulow, l.r.). ^-Methyl- ^ 
5-pheMylhyda>nUyin has m.p. 161-162” (Pinner,/ 
Ber. 1888,21, 2320). ^ 

d\-5-Benzylhydurdmn was prepared by Wheeler 
and Hoffman (Amer. Chem. J. 1911, 46 , 372)* 
by heatmg benzalhydantoin with phosphorus 
and hydriodic acid. It crystallises from alcohol 
in lancet-shaped crystals or in prisms, m.p. 
194-195”. Dakin and Dudley (J. Biol. Chem. 
1914, 17, 35) prepared d- and Z-5-benzylhydan- 
toiiis by hydrolysis of I- and rf-/3-phenyl-a- 
ureidopropionic acids, 

CeHj^ CH2CH(NH C0NH2)C02H; 


d-5-benzylhydantoin has m.p. 181-183” and [a]^5 
-1-96-4” in 50% alcohol; it raccraiscs completely 
on standing in alkahne solution at room ten{- 
perature; \-5-benzylhydantoinhasm.p. 181-183°^ 
on prolonged heating with concentrated acid it 
racemiscs completely. 5-p- N iirobcnzylhydanioiA 
crystallises in pale yellow prisms, m.p. 238-240”\ 
(decomp.) ; 5-p-aminobenzylhydanloin has m.p. ^ 
145”; when tliazotisi^d and heated it yields 
tyrosinehy dan toil! (Johnson and Braiitleeht, 
.t. Biol. Ghem. 1912, 12, 187). 5-A7iisylhydan- 
toin has m.p. 188-189"; 5-rinnarnylhydantoiny 


/CO— NH 

PhCH:CHCH( 1 


"'NH— CO 


m.p. 171-172” (Pinner and Spilker, Ber. 1889, 
22 , 685). 

5:5-l)imrlhylhydanto{n, formed from acetone 
eyanhydrin, has m.p. 175” (Urech, Annalen, 
1872, 164 , 264; Errera, Gazzetta, 1896, 26 , i, 
210), the \-mtro derivative has m.p. 161-162”, 
the l-arefyl df*rivative m.p. 192”; chlorination 
in colli aqueous solution gives \:3-dirMoro-5:5- 
diniethylhydantoift, while the action of diazo- 
methano or methyl sulphate gives 3:5:5-lri- 
^ncthylhydantoin. 1 .3\5:5-Tetra7ncihylhydanioin 
obtained by m ethylation of the 1 :ri:5-eompound, 
has m.p. 85”. dl-5- Mp,thyl-5-ethylhydantoin has 
m.p. 149" ; the optically active specimen pre- 
pared by Dakin (l.c.) had m.p. 172-173° and 
[aJ^jJ + 32”, this value remaining constant m 
alkaline solution. 5:5-Diethylhydantoin, m.p. 
166”; 5:5-dipropylhydantoi7iy m.p. 199” (Errera, 

l. r. ; Biltz and Slotta, l.c. ; Riiikes, l.c.). 5- 
Methyl B-phcnylhydantoin has m.p. 197” ; 5- 
ethyl-5-phmylhydantoin (“ nirvanol ”) ra.p. 197” 
and its sodium salt are hypnotics ; it is tasteless 
but the sodium salt has a bitter taste (Werneeke, 
Deut. med. Woch. 1916, 42 , 1193; Piotrowski, 
Chem. Zentr. 1916, II, 1182; from Miinch. 
med. Woch. 63 , 1512 ; and Farbw. vorm. 
Meister, Lucius and Briining, Swiss P. 72561) ; 
it has been resolved by moans of brucine in 
absolute alcohol : d-5:5-ethylphenylhydantoin,m.p. 
237”, [all, +123” (in alcohol), +169” (in alkali) ; 
the Z- isomer has m.p. 235-237°, [a% —121”= 
(alcohol), —167° (alkali) (Sobotka, Holzman 
and Kahn, J. Amer. Chem. Soc. 1932, 64 , 4697). 
5-Propyl-5-phenylhydantoin, m.p. 170° (Farbw. 
vorm. Meister, Lucius and Bnining, Swiss P. 
74189 ; 79190), 5-methyl-5-P-pheTiyleihylhydanloin 

m. p. 180”, and 5-ethyl-5-P-phenyhthylhydantoin 
also have hypnotic properties. For the prepar- 
tion of other soporincs of this group, see 
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Chemische Fabrik von F. Heyden, G.P. 309508, 
^ 310426; Swiss P. 174461. 5-Meihyl-5-benzyl- 
'^ydarUoin has m.p. 226"^ ; 5:5-dibenzylhydanioin 
m.p. 305° (decomp.) ; 6 -phenyl-5 ‘benzylhydan- 
ioin, m.p. 210° (Slotta, Behnisch and Szyszka, 

I.C.), 

The action of sodium hypochlorite and free 
hypochlorous acid on 5:6-di8ub8tituted hydan- 
toins yields the l:3-d*cAioro-derivative, 

/NCI— CRR' 

i 

\ NCI— CO 


Those compounds can be crystallised from chloro- 
form, but aro decomposed by water, alcohol or 
hydnodic acid regenerating the original hydan* 
toin (Biltz and Behrens, Ber. 1910, 43, 1984). 

^:[i-JMrMoro-5:5-diphenylhyda7itoin has m.p. 
164° (decoinp.) and yields l:‘i-diwe1hyl-5:5- 
diphmylhydafitoin when treated with methyl 
sulphate. 

Hydantoin-l -acetic acid. 


NH— CO. 

I > 

CO-CH/ 


N CHa-COaH 


The ethyl eondeuses with anisaldehyde 

giving ethyl 5-(nusalhyduntoin-\-aci‘tal€ whieh 
erystallises with 1 mol. of alcohol, m.p. 215-216’. 
Digestion of the ester with sodium methoxide 
and methyl iodide yields ethyl S-nicthylhydantot n- 
\ -acetate, m.p. 91-92° (Renfrew and Johnson, 
J. Amer. Chem. 8oc. 1929, 51, 1784). 5- 
Beuzylhydantoiu-] -acetic acid is a polypeptide 
hydantoin derived from phenylalaniiieglyeiric, 
has m.p. 184-185° and erystallises in flat prisms 
or rhombic plates (Johnson and Bates, ibid. 
1916, 88, 1087). 

Uydantoin-^-aceAlc acid, obtained )iy reflux- 
ing ureido-bisraalonie ester 

CO|NH CH(COaEt)2]5j 

with 10% hydroehloric aeid, has m.p. lOO" 
(Cerchez, Bull. Soc. chim. 1931, [iv], 49, 52); 
amide, m.p. 225-226°; anilide, m.p. 215“; 
methylamide, m.p. 223°, benzylamide, m.p. 209- 
210° A number of esters of hydantoin-3- 
aeotic aeid have been deseribod : methyl, m.p. 
91°; propyl, m.p. 116°; butyl, m.p. 95°; see- 
haiyl, m.p. 142°; iscfbutyl, m.p. 124“; moamyl, 
m.p. 104°; eyeXohexyl, m.]). 184°; phenyl, 
m.p. 205- 206° ; benzyl, m.p. 142° ; cholenteryl, 
m.p. 304-305° (Locquin and Cerchez, Compt. 
rend. 1929, 188, 177 ; (.Vrehez, Bull. Soc. chim. 
1931, livj, 49, 600, 602; Locquin, Oirchez and 
Policard, ibid. 595 ; Bolieard, ibid. 607). 
Hydrolysis of hydantoiu-3-acetie aeid gives 
car bonylbiegly cine (Wessely and Komm, Z. 
physiol. Chem. 1928, 174, 306). 

kydantoin-5-acetic acid, m.p. 213-214°, is 
obtained together wuth its ureide. 


CO— NH,^ 
NH— CQ/ 


m.p. 273-274°, by condensation of ethyl maleatc 


or fumarate with iirt^a in tne presence of Bodiuiii 
and alcohol at 75° (Jerzmanowaka-Sienkiewie- 
zowa, Rocz. Chem. 1936, 15, 202, 510; Amer. 
Chem. Abstr. 1936, 30, 2925). 5- Methyl hydan- 
'.oin-5-acetic acid has m.p. 214-215°. The ethyl 
ester, obtained by the method of Bergs from 
acetoacctic ester, has m.p. 138° and gives on 
amide, m.p. 252° (doeomp.) and hydrazide, m.p. 
104-105° ; h 3 ^drolysis with jiotassiiim hydroxide 
yields honioaspartio aeid, m.p. 233° (deeomp.) 
(Pfeifler and Heinrich, J. pr. Chem. 1936, [iij, 
146, 105). Hydanioin-5-propionic acid has m.p. 
165°; hydantoin-5-^-hromopropionic acid, m.p. 
228-230°; A^-hydantoin-^- propionic acid, in.p. 
222-223° ; hydantoin-5-^-chloroprnpionic acid, 
forms reetangiilar jdates ; hydantoin -5-acryhc 
acid m.p. 25()-258° (Dakin, Bioehem. J. 19J9, 
13, 398). For other derivatives of hydantoin 
see West, J. Biol. Chem. 1918, 34, 187. 

Thiohydantoins. — 2-Thiohydantoin, 

^NH— CO 

I 

\nh-ch, 

was obtained by Klason ((3iem.-Ztg. 1890, 14, 
Hep. 200) • It may be obtained quantitatively 
by bydrolysis with hydrochloric acid of 2-thio-l - 
ai'ctylhydantom or of 2-tbio-l -beiizoyl-hy dan- 
tom (produced rcHjiectividy by the action of 
]K>tassiuiii thioi vanate on glycine or on hip[mric 
aeid in the fueseiKc oi a(;etie anhydride). 
Optieally’^ active derivatives may bo obtained 
from opt,ieally active* a-aminoacids by treatment 
with acetic anhydride and ammonium thio- 
e 3 'anate ; if the thiocyanate is added after an 
interval, the thiohvdantoiri is rac einised (Csonka 
and Nieolet, J. Biol. Chem. 1932, 99, 213). It 
rr 3 'stalliseH in yellow prisms, m.}). 227-228° 
(deeomp.). It is stable and yields stable 
sodium and potassium salts (Johnson and 
Nieolet, J. Amer. (Jiem. Soe. 1911, 33, 1973; 
1913, 35, 780). 5-Methylthiobydantoin is a 
catalyst for the dec'oraposition of sodium azide 
with iodine (Friedmann, J. pr. (3iem. 1936, [ii], 
146, 179). 2-Thio-3-p-lolylhydantoin, m.p. 228°, 
18 converted into ‘^-p-tolylhydantoin on heating 
with an aqueous solution of chloroaeetic arid 
(Johnson, Pfaw and Hodge, J. Amer. Chem. 
Soc. 1912, 84, 1045). 2-Thi0’5-o-hydroxybenzyl- 
hydantoin, m.p. 107°, is readily desulphurised in 
the same way, yielding 5-o-hydroxyhenzyl- 
hydanioin. ry.5-Dimethyl-^-o-tolyl-2-thiohydan- 
toin, m.p. 196 5°, is prepared from o-tolyl 
mustard oil and potassium aminoisobutyrate 
(Bailey and McPherson, J. Amer. (!hem. Soe. 
1916/38,2525). 

2-Thiohydantoin-5‘propionic acid has m.p. 165° 
(.lohnson and Guest, Amer. Chem. J. 1912, 47, 
242). 

The benzal derivatives of thiohydantoin are 
dyes for wool, silk and cotton, giving yellow, 
orange and red tints. 5-Benzal-2-thiohydantoin, 
microscopic needles, m.p. 259° (Johnson and 
Nieolet, J. Amer. Chem. Soc. 1912, 84, 1048; 
cf. also Ruhemaim and Stapleton, J.C.S. 1900, 
77, 246) ; ocefyl derivative, m.p. 260°. 5- Vanillal- 
2-thiohydanioin,mTn.p. 240°, diacetyl derivative, 
m.p. 261° ; 5-cinnamal-2-thiohydarUoin, m.p. 
260°, acetyl derivative, m.p. 267°; 5-p-hydroxy- 
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bmzdl-24hiohydanioinf m.p. 305° (Boyd and 
Hobson, Biochem. J. 1935, 29, 542 ; Namjoshi 
and Dutt, J. Indian Chcm. Soc. 1931, 8 , 241 ; 
Johnson and Brautlecht, J. Biol. Chem. 1912, 
12, 184); Cy-{yA'-(Iiaceioxj/henzal)-2-thiohydan- 
tom, m.p. 224-225° ; 5-{y-methoxy-V-acetoxy- 
henzal)-24hiohydantotn, m.p. 246-247° (Deulofeu 
and Mondivelzua, Z. physiol. Chem. 1933, 219, 
233). 

\-Aceiyl-24hiohyd4inloin crystallisos from ab- 
Hohilc al('olu)1 in beautiful square tables ; it 
melts at 175-176° to a clear oil without effer- 
vesconcc. ]-Aretyl-5-methyl-24hiohydantoin pre- 
pared by the action of potassium thiocyanate on 
ri-alanine, in the presence of acetic anhydride, 
crystallises in stout prisms, m.p. 161-162°, [a]f,® 
f 118-5° and the d/-form, m.p. 168-169° (Csonka 
and Nicolct, l.c. ; Johnson and Nicolet, .1. Amer. 
Chem. Soc. 1911, 83, 1975; 1912, 84, 1041; 
1913, 35, 1130; Araer. Chora. J. 1913, 49, 200; 
J. Biol. Chem. 1912, 11, 98). 

2-Thiohydantoin reacts with aromatic alde- 
hydes and acetic anhydride giving acetyl aryli- 
deno derivatives, the acetyl grou]) being situated 
on the enolic form of the CO group (Namjoshi 
and Dutt, l.r.). 

4-Thiohyda ntoin is formed by the condensation 
of carbcthoxyaminothioacetamide in presence 
of alkali 

EtO OC-NH'CHj CS NHj 


M U rC 



It crystallises from hot water in spear-shaped 
twinned cry steals and gradually decomposes 
above 200° ; it hydrolyses with hydrochloric 
acid, yielding hydantoin and hydrogen sulphide 
(Johnson and (/hcrnolf, J. Amer. Chem. Soc. 
1912, 34, 1208). 

M. A. W. 

HYDNOCARPIC ACID (v. Vol. If, 5215). 
HYDNOCARPUS OIL {v. Vol. II, 621d). 
" HYDRALDITE " {v. Vol. V, 320c). 

** HYDRAMIN.” Trade name for a com- 
bination of ^)-phonylonediaminc and qiiinol. 
The same name has more recently been applied 
to a textile assistant (Krais, Monatschr. Textil- 
Ind. 1934,49, 138). 

HYDRARGILLITE (r. Vol. V, 532a). 

“ HYDRARCYROL" Trade name for the 
mercury salt of phenol -ji-aulphonic acid, 

(C,H,(OH)SO,),Hb, 

stated to be a useful non-corrosive antiseptic. 
“ Asterol ” is its more stable addition compoimd 
with ammonium tartrate. * 

HYDRASTINE, CaiHaiO^N. An alkaloid 
occurring together with berberine and canadine 
in the root of “ Golden Seal,” Hydrcistis cana- 
densis Linn., to the extent of about 1-5%. 

Its preparation and physical properties are 
descried by Durand, Amer. J. Pharm. 1851, 
23, 112; Perrins, Pharm. J. 1861-1862, [ii], 8, 
546 ; Mahla, Amer. J. Sci. 18^2, fii], 36, 57 ; 
Power, Pharm. J. 1884-1885, [hi], 15, 297; 
Eijkman, Rec. trav. chim. 1886, 5, 290; Freund 


and Will, Ber. 1886, 19, 2797; 1887, 20, 88; . 
Schmidt and Wilhelm, Arch. Pharm. 1888, 226,/ 
329; and Elsa Schmidt (Amer. J. Pharm. 1919/ 
91. 270). 


Preparation . — Hydrastino may be isolated^ 
from the sulphuric acid mother-liquor from 
which the berberine salt has crystallised {see 
Bebbebine). This is largely diluted with water, 
and almost neutralised with ammonia. On 
evaporation, ammonium sulphate, resin, etc., 
are filtered oflF, and the hydrastinc precipitated 
from the cold filtrate by ammonia. The coloured 
precipitate is dissolved in alcohol (Perrins, 
Power), or ethyl acetate (Schmidt and Wilhelm), 
and the colouring matter removed by digestion 
with animal charcoal; the alkaloid crystallisop 
from the concentrated solution. Purification of 
the hydrastine is effected by rei)cated crystal 
lisation from alcohol. \ 

Some authors prefer to extract hydrastine' 
from the root before berberine, thus, according' 
to Freund and Will, hydrastine is most readily 
obtained by percolating finely powdered by- ^ 
drastis root with ether, and crystallising the \ 
ethereal residue from alcohol. Elsa Schmidt 
employs a similar method, using benzene as the 
solvent. 


Properties, — Colourless, rhombic prisms, ni.})- 
132°. Insoluble in water, readily soluble in 
chloroform or benzene ; less readily so in ether 
or alcohol; |a]j, in chloroform, -67-8° (Freund 
and Will) ; in chloroform, —63-8” ; in dry 
alcohol, — 49-8°; in 50% alcohol, -1-115° (Carr 
and Reynolds, J.C.8. 1910, 97, 1334). The 
ordinary salts of hydrastine are soluble in water, 
giving dextrorotatory solutions, but do not 
crystallise well (r/. Schmidt and Kerstem, Arch. 
Pharm. 1890, 228, 49). Hydrastine and its 
hydrochloride, a hygroscopic powder, were 
official in the United States Pharmacopneia 1916, 
but have been dropped from the United States 
Pharmacopeia 1936 ; they are chiefly employed 
for the arrest of uterine hsemorrhage in doses of 
6 z grain. Hydrastine is poisonous in larger 
doses. 

Detection and estimation . — The most cha- 
racteristic colour reaction of hydrastine is the 
production of a fluoi-escent solution (due to the 
formation of hydrastinine) by the addition of 
permanganate to an aqueous solution of its 
sulphate (r/. Lyons, Pharm. J. 1885-86, [in], 
16, 880). For other colour reactions of hydras- 
tine, see Power, ibid. 1885-86, [hi], 16, 1092 ; 
Labat, Bull. Soc. chim. 1909, [iv], 5, 742, 745. 
The assay of hydrastis rhizome prescribed in the 
United States Pharmacopoeia 1916 consists in 
the gravimetric estimation of the ether-soluble 
alkaloids, which should amount to not less than 
2-5%. For other methods of assay, see Gordin 
and Prescott, Arch. Pharm. 1899, 237, 439; 
1901, 239, 638; van der Haar, Pharm. Week- 
blad. 1911, 48, 1302. 

Constitution . — The oxidation of hydrastine by 
nitric acid yields opianic acid and hydrastinine. 


C,iH„0,N+H,0+0-C,„H„0aC„H„0,N 

Hydrastine. Oplanlc add. Hydrastinine. 


The determination- of its constitution is 
bound up with that of these fission -products 
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and is due mainly to the researches of Freund 
and Roser. The work, which has been reviewed 
by Freund (Annalen, 1892, 271, 311), leads to 
|the following constitutional formulaD : 

OMe 



CH 



Ilydraatine. 


CH 


CH 




NMe-OH 

JcH, 


CH, 

Ilyilrastiiiiiic. 


The complete synthesis of natural liydrastinc 
has not been effected so far. Hope, Pyirian, 
Reinfry, and Robinson 1931, 230) have 

described the synthesis of two optically inactive 
stereoisomerides of hydrastine but they have 
not yet been rosolved. The mixture oi lutro- 
hydrastincs obtained by the interaction of 
hydrastiniiie with nitromeconino was reduced to 
a mixture of two aniinohydrastincH. These 
wtTc ae})arated, and the amino-group was re- 
placed by hydrogen by way of the hydrazino- 
hydrastines, yielding \}\ hydraHiin£,-af m.p. 137'^, 
and (W-hydrastine-b^ in.p. 150-151“. The former 
was also obtained by the racemisation of natural 
l-hydrastine by means of aqueous alcohol under 
pressure (Marshall, Pyman and Robinson, J.C.S. 
1934, 1315). 

Hydrastinine, CnH„0,N, is prepared by 
the oxidation of hydrastine (Freund and Will, 
Rer. 1887, 20, 88), and has been synthesised by 
Fritzseh (Annalen, 1895, 286, 18) ; Decker 
(G.P 234850, 1910); Rosenmund (Bor. deut. 
pharm. Ges. 1919, 29, 200). 

It may also be prepared from berberine 
(Freund, G.P. 241130, 1910), cotamine (Pyman 
and Remfry, J.C.B. 1012, 101, 1595; see also 
Toptschiev, .1. Appl. Ghem. IT.S.S.R., 1933, 6 , 
529) or safrole (Kindlcr and Peschke, Arch. 
Pharm. 1932, 270, 353). Like berberine (g.w.), 
the free base occurs in two isomeric forms, in 
aqueous solution as the quateniary hydroxide 
shown above, and in the solid state as the 
carbinolaraine, 


C7H4O 


.CH(OH) NMe 

/ I 

\CH, CH, 


(f/. Dobbie and Tinkler, J.C.S. 1904, 85, 1005). 

It melts at 116-117°, crystallises from light 
petroleum, and is easily soluble in alcohol or 
ether, but sparingly so in w’ater. 


The hydrochloride, properly hydrastininium 
chloride, CuHigOgNCI, like hydrastine and its 
hydrochloride, is not official in the United {States 
Pharmaeopceia 1936. It melts and decom- 
poses at 210°, and is easily soluble in water, 
giving a neutral solution showing a blue 
fluorescence. It gives no turbidity with am- 
monia, but sodium hydroxide causes a milky 
turbidy which disappears on shaking, and, on 
keeping, the. solution deposits free hydrastinine. 

Canadine, CjoHajO-N, occurs with crude 
hydrastine (see afiove), from which it may Iw 
isolated by fractional crystallisation of the 
intrat.eN, tlie canadine salt being less soluble. 
Silky needles, m.p. 132-5°, [ajn —298° in chloro- 
form (Schmidt, Arch. Pharm. 1894, [iii), 282, 
136). On oxidation with iodine' it is con- 
verted into lK*rberine. By fractional crystallisa- 
tion of tetrahydroberberine d-bromocamphorsul- 
phonate, Gadamer (ibid. 1901, 239, 648) isolated 
a la?vorotatory base identical with canadine, 
whidi is therefore I tetrahydroberliorino. Jowett 
and Pyman have found l-a-canadtnc rnetho- 
vMoridr in Xanthorylnm br achy aainth urn (J.G.S. 
1913, 103, 293) (cf. Spath and Julian, Bor. 1931, 
64 [B], 1311 ; Bersch and Seupert, ibid. 1937, 
70 [Bl, 1121). 

F. L. P. 

HYDRATION OF IONS.— From the 
early days of the theory of electrolytic dis- 
sociation, it has been recognised that the ions 
of salts might be hydrated (or in general 
solvated) by attachment to solvent nioiecules, 
but it is only fairly recently that any quantita- 
tive results in this field have bf‘en obtained. 
With the hydrogen ion, the free proton H‘ is 
linked with J mol. of w^ater to form the hydroxo- 
nium ion H;,0‘, which is generally caUod the 
“ hydrogen ion.” In other solvents similar 
ions, e.g. (C.^Hg-OH)H’ are probably formed. 
In some other cases also solvent molecules arc 
thought to bo attached by co-ordinate links to 
the solute ions. 

Several methods have been used for the study 
of hydration of ions : 

(1) Absorption spectra. 

(2) Conductivity and viscosity measurements. 

(3) Distribution ratios and the solubility of 

gases in salt solutions. 

(4) Transport measurements. 

(5) Application of Stokes’s law. 

(6) Energy changes in solvation of ions. 

H. C. Jones in 1907-15 obtained evidence for 
the hydration of ions from absorption spectra 
of aqueous solutions of electrolytes. He found 
that certain salt solutions have a smaUer 
capacity for absorbing radiation than pure 
water, and concluded that water was combined 
with solute ions, and that such water has a 
smaller capacity for absorbing radiation than 
free water. NH 4 CI, NH^NOg and KCI solu- 
tions showed little difference from pure water in 
this respect. If a salt was dissolved in a mixture 
of two solvents, two absorption spectra were 
found, and on changing the composition of the 
solvent, the aljsorption spectra changed corre- 
spondingly in intensity, showing that the solvent 
molecules were in some way combined with 
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Boliito ions. If calcium chloride or aluminium 
chloride was added to a Bolution of cobalt 
chloride^ the effect on the absorption siMictrum 
was the same as if the solution had been con- 
centrated. Hence it was assumed that the 
calcium chloride had taken some of the water 
molecules, and decreased the amount of “ free ” 
water for dissolving the cobalt chloride (Jones, 
Z. Elektrochem. 1914, 20, 552 ; Carnegie Inst. 
Pub,, No. 60, 1907). 

From his conductivity meaHurements Kohl- 
rauHch concluded that the ions were surrounded 
by atmospheres of w ater molecules, and that the 
electrolytic resistance was due to friction, which 
incrcaH(‘(l with the size of the ion atmosphere. 
Ill the case of highly hydrated ions the friction 
becomes almost the same as that between pure 


However, it was shown by Nemst in 1900 that 
the ions carry w^ater with them, and that in / 
concentrated solutions this effect is quite t 
appreciable. He added an indifferent substance' 
such as raffinose to the electrol3rte solution ana\ 
determined the concentration of the rafimose 
in the anolyte before and after electrolysis. 

If the electrolyte ions w^ere unhydrated there 
would have been no change in the distribution 
of the raffinoso throughout the solution, but a 
definite change round the anode was found. 
The results were not verj^ conclusive, but with 
mproved experimental technique later workers 
wore able to calculate tlic relative hydration of 
the ions. Washburn (J. Amer. (Jhem. 8oc. 1909, 
81, 322), using a similar method to that of Nernst^ 
determined the water so transferred, and cal- 


w'atcr molecules, .[ones obtained furtlicr evi- 
denceiH of solvatifui from conductivity and 
viscosity measurements by working with mixed 
Holviuits, such as glycerin and water con- 
taining LiBr. The rcHiilts were mainly quali- 
tative. 


culated the true transport numbers 
from the Hittorf values 7j“ and njf. 


^ g.-mol. of w'ater are transferred per faraday,^ 
F, to Iho cathode, and the solution contains Nft ' 


eipiivalentH of solute to Nu) equivalents of water, \ 


Distribution experiments have been used as a 
means of determining the degree of hydration of 
ions (r/. J. (>. Philip, J.C.S. 1907, 91, 711). 


the solute corresjionding to ANff) of water is 

Too little solute by this amount wdll 
Am' 


The method depemls on the assumption that if be found in the cathode compartment, 
the ions are combined with water the amount 


of “ free ” w'ater in the solution which is avail- t u 

able for dissolving another substance, is reduced. 

The distribution of a substance between a non- 


aqueouH solvent and a salt solution was studied, 
and assuming that the soluliility in “ free ” 
w’ater is the same as in pure w ater, the following 
results were obtained for molecular hydration . 
Na2S04, 28 5; HCI, 4-4; NaOH, 20-5; 
LiCI, 8. 8ugden {ibid. 192(), 174) used acetic 
acid distributed between amyl alcohol and salt 
solutions, and found that in many cases the 
degree of hydration is independent of tempera- 
ture. H. A. Taylor (J. Physical Chem. 1925, 29, 
995) determined the partition ratio of hydrogen 
chloride between benzene and salt solutions and 
came to the conclusion that aqueous solutions 
behaved like pure w ater, and that there, was no 
difference between “ free ” and combined water. 
These measurements are primarily concerned 
with the activity of the solvent in various salt 
solutions and are not necessarily to be inter- 
preted as a result of hydration. 

A similar method used by Philip (J.C.S. 1907, 


•11 u 

^*0 * a ~ A7 

iv iff 

In very dilute solutions 7iJ.=n^. 


( 2 ) 


Taiile I. — Tkoe and Apparent Cation Trans- 
port Numbers at 25"’c. in 1-25n Solution, 
AS Determined by Washburn. 


HCI 

LiCI 

NaCI. 

! KCl. 

CsCI 

0-820 

0 278 

0 366 

0 482 

0-485 

0 844 

0 304 

0 383 

0 495 

0 491 

0 24 

2 

0 76 

0 60 

0 53 


Since AN^ is the net transfer of w^ater, 

ANtc^WrvJ-Wufil ... (3) 


91, 71 1 ) depended on the difference between the 

solubility of a sparingly soluble gas in a salt w^hero wa and wv are the amounts of water 
solution and pure w^ater. In some cases the carried by the anion and cation respectively, 
absorption of the gas w'as found to bo practically j b 

independent of the salt concentration, but where Hence from (3) uv - — ^ d - ’ and it is 

this was not so, hydration was assumed to have ^ c ^ c 

occurred, and the degree of hydration was cal- possible to calculate the relative hydration of 
culated from the decrease in absorption. the ions. If it is assumed that tlic hydrogen ion 

Hiifnor (Z. physikal. Chem. 1907, 57, 611) has 1 mol. of water, then the numbers of mole- 
measured the decrease in solubility of nitrogen culcs of water associated with other ions are 
and hydrogen in solutions of organic substances, Li'=14, Na’=8*4, K’— 6-4, Cs'=4-7. 
e.g. arabinose, and found that the decrease was Table I shows the remarkable fact that the 
proportional to the weight of substance in the cation transport numbers of the alkali metal 
solution. By this method Philip calculated the chlorides increase with increase of atomic weight, 
hydration of KCl as 8-11, NaCl as 14-16 and w'hereas it would bo expected that the mobility 
BaCl2 08 26-30. of the unsolvated ions would decrease with rise 

When determining Hittorf transport numbers of atomic weight. Bredig in 1894 had suggested 
(this Vol., p. 237d) it is assumed' that only the that the metal ions carried with them water 
ions move and that the water is not transfened. w'hich increased their size and thus slowed them 
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down, lithium carrying the moat water and 
caesium the least, and this view is in accordance 
with the above results. 

Remy (Z. physikal. Chem. 1925, 118, 161 ; 
Trans. Faraday Soc. 1927, 23, 381) measured the 
amount of water transported when the inter- 
mediate liquid was gelatinised, and in later work 
a parchment membrane was used. The change 
in volume of the liquids round the electrodes was 
measured by the rise of the meniscus in capillary 
tubes. Allowing for eiectro-endosmosis, and 
assuming that the parchment did not affect the 
movement of the ions, he calculated the follow- 
ing results for hydration. If it is assumed that 
one water molecule is associated with the 
hydrogen ion, the numbers associated with 
other ions arc : K' 5, Na' 8 , Li' 14, CT 4. 

llabonivsky (Z. physikal. Chem. 1927, 129, 
129; 181, 129) carried out similar experiments 
but weighed and analysed the contents of the 
anode and cathode compartments. The results 
arc as follows ; — If one water molecule is as- 
sociated with H', then the numbers associated 
with other ions arc: Li* 14, Na* 8-9, K* .5, 
CV 4, Br' 2 , r 2 in normal solutions, hut the 
hydration increases markedly in more dilute 
solutions. 

The results of Washburn, Kemy and Baborov- 
sky are in fair agreement, and those of Washburn 
were conlirmcil by Taylor and iSawycr (J.C.S. 
1929, 2095) using urea as the reference substance. 

Riesenfeld and Reinhold (Z. physikal. Chem. 
1909, 66 , 072) stated that the true transport 
number is independent of concentration, all 
such changes being due to hydration of ions. 

If then rZ- nf-^cANw from ( 1 ). If 

tn 

.1 .n 

i« constant -- — --JiV'y, and the slope of the 

graph made by plotting n]! against c is J N^- 
They combined this equation with the assump- 
tion that the water molecules form a shell 
round the ion, the volume of which can be cal- 
culated from Stokes’s law, which states that 
F 

u~~ where u is the velocity, r the radius of 

birrr) 

the spherical ion, F the force moving it, and 
T) the viscosity of the medium. If the volume 
of the ion is negligible compared with that of 
the water envelope, the volume of the latter can 
be found. If Zj arc the mobilities of ions of 
r / 

radii 7 j, rj, then and if - 4 j,i 42 are the 

^2 n 

numbers of molecules of wstcr attached to the 
A I ^ 

ions, — In this way the following 

values were found at infinite dilution, assuming 
that the hydrogen ion is iinhydratcd : OH' 11 , 
K* 22, Cr 21, Br' 20, \' 20, NO 3 ' 25, Ag* 37, 
ClOg' 37, 4Cd** 55, iCu * 56, Na* 71, Li* 158. 
The values seem unreasonably large, and the 
modern theory of electrolytes indicates that the 
true transport number is not independent of 
concentration (Glasstone, “ Klectrochemistry^ of 
Solutions,” Methuen, 1937, p. 166). 

Remy (Z. physikal. Chem. 1915, 89, 529) 
assumed that certain large organic ions are 


unhydrated, and from Kopp’s atomic volumes 
calculated the supposed volume of the un- 
hydrated hydrogen ion. By using Stokes’s 
law, he found that the dinerence in radius 
betw’een the hydrated and unhydrated ion was 
usually equal to the diameter of a w ater mole- 
cule, This calculation, how’cver, involves rather 
uncertiain ionic radii. 

Ulich in 1 926 took into account the volume of 
the ion and the compression of solvent molecules 
by electrostatic forces (electrostriction of the 
solvent). 

All calculations based on Stokes’s law give 
iraprobnbly high results, and it is very doubtful 
if the simple Inw' holds for spheres of ionic 
dimensions. 

A nc‘w approach has Ih*cii o|K'ned by the study 
of energy changes in the solution of gaseous 
ions (j.e. iinsoKatcd ions nssiirncd to be in the 
gaseous state). W. JVl. Latirncr (,1. Amcr. Chem. 
Soc. 1926, 48, 1234) calculated the energy of 
solution of“ gaseous ions in water, and obtamed 
good agrc(‘rrif'iit with the values which Born 
had foimd from a sinqilc electrostatic expression 
for the ene rgy change in bringing a charged 
.sphere from a vacuum into a medium of dielectric 
constant I). Latimer fouml that the entropies 
of solution of gaseous ions vary linearly with the 
radii, and hoiu’o it is ajiparent that the energy 
effects on the solution of gascfuis ions am 
determined by the size and charge of the ions. 
T. ,J. Webb 1926, 48, 2589) calculaf;cd 

similarly the energy ol solvation and ihi) effect 
of electrostrictiiui of the* solvent. Fajans re- 
garded the heat of solution of salts as due to tw o 
effects, (a) the energy required to dissociate the 
Balt into free gaseous ions, and (b) the heat 
evolved when these are dissolved in water. Very 
high hydration values were obtained by this 
method of calculation, c.r/. LiCI 187, NaCl 18()’5. 

More recently Bernal and Fowler (.1. (Jhem. 
Physics, 1933, 1, 515) have derived expressions 
for the heat of hydration of ifuis, and their 
method is used as ihc basis fif most of the recent 
work in this field. 

The values of the hydration of ions obtained 
by different methods show very poor agreement, 
and there is still no unanimity of opinion as to 
the exact relationship between the ions and 
solvent molecules. 

Physical solvation doubtlessly explains many 
cases of hydration. This assumes that then^ is 
an increased concentration of water molecules 
in the immediate vicinity of an ion, and that the 
water molecules are held by electrostatic forces. 
Water is polar, and the mrilccular dipole orients 
itself so that in the case of a cation the negative 
or oxygen of the dipole is attracted to the ion. 
In the case of an anion, the hydrogen of the 
water moleeuh* is attracted. There may be an 
induced dipole in the solvent molecule duo to 
the field of the ion, and in the case of a small ion 
with a large charge, this induced dipole is 
large. Under the influence of an electromotive 
force the water molecules are dragged along 
with the ions. Born showed that the dipoles 
eould be held so strongly by small ions that they 
would lose all degrees of freedom. 

It is possible to obtain an expression for the 
electrical contribution to the heat of solvation of 
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ions, and if the force is purely electrostatic, this 
will be the total heat of solvation. The differ- 
ence between the heats of solvation in two 
solvents should be equivalent to the heat of 
transfer of the ion from one solv^ent to another. 
The agreement Ixitween experimental results 
and those calculated on the assumption of 
physical solvation is not good. It is generally 
considered that when the sequence of ionic 
velocities is independent of the solvent, the 
solvation is physical. 

Solvation can also be considered from the point 
of view of Werner’s Co-ordination Theory. If 
one atom or group supplies both the electrons 
necessary to I'orm a bond, the latter is known as 

co-ordinate link, and the capacity of a group 
for co-ordination depends on its power of giving 
or acccj)ting electrons. Six water moleculcH can 
(■(vordinate with a metal ion to form a cation 
(onij)lcx, and examples of such complexes are 
[CoiHgO)^]^' (the anion being 2B^^ 2CI', 
21 ') or I Cr(H20)fl]Cl2 and similar comiioiinds 
uith Ni, Zn, Cd, Fe^i, Ca and Al as 

nuclei, (bpper suljdiato pentahydrate has 4 
mol. of Mater co-ordinated Mith the cation 
and 1 mol. co-ordinated Muth the anion as shoM n 
beloM' ; 



H^O O H O O 

^ \ / \ / 

Cu O S 

^ \ *^ \ / N 

HjO O H H-. — O O 

h/ 

It IS seen that the anion and cation are bound 
together by co-ordination of an anion water 
molecule with two of the cation M^atcr molecules. 
Most cation water complexes are known to exist 
in solution, but anion complexes are in most 
cases only definitely known to be present in the 
solid state. iSidgMiek, Electronic Theory of 
Valency,” Oxford Oniversity Press, 1927, has 
considered solvation from the electronic point 
of view, and has emphasised the importance of 
the donor and acceptor properties of hydroxylic 
solvents in forming co-ordinate links. This is 
shown by the structure of CuS 04 , 5 H 20 , in 
Mhich it is seen that the oxygen atom of the 
OH group is capable of giving electrons, M'hilst 
the hydrogen atom can receive an electron. 
The solvation of ions increases the size of the 
ion and reduces the likelihood of ion association, 
since the ion centres have to be a certain 
minimum distance apart for association to take 
place. It was found that the ions of lithium 
salts undergo association in nitromethane, 
although the solvent has a large dipole moment 
which would induce physical solvation. It is 
thought that since nitromethane is a non- 
hydroxylic solvent, and can only coordinate 
with the cation, solvation is thereby reduced 
and ion association occurs. The velocity of 
the lithium ion is 3-36 times as fast in liquid 
ammonia as in w^ater, whereas the silver ion 
is only 2-15 times as fast. It is probable that 
the silver ion tends to form g. complex in 
ammonia, resulting in a reduction of the velocity, 
and that the lithium ion has a great affinity 


for water and undergoes hydration in aqueous 
solution, which diminishes the velocity. This 
would explain the above observations on their 
relative velocities. ^ 

The general view now taken is that in a few\ 
cases chemical combination probably occurs 
between the ion and solvent molecules, and that 
other solvent molecules can be held by electro- 
static forces. It is quite possible that in cases 
of physical solvation, a Grotthuss effect is 
produced in the electrolyte when the solute and 
solvent molecules have an atom or group in 
common. This implies a constant interchange 
of the common group or atom as the ion moves 
through the solution under the influence of an 
applied electromotive force. 

Bibliography. — II. S. Taylor, “ Physical 
Chemistry,” Macmillan, 1930, Vol. I, p. (180 j 
Glasstone, ** Electrochemistry of Solutions,’^ 
Methuen, 1937, p. 45; Annual Reports of the 
Chemical Society, 1929, p. 27, and 1930, p. 351. \ 
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HYDRATO-KANTEN-5 and -y (r. Vol. 1, 
l(i3a). 

HYDRATOPEKTIN (v. Vol. V, ]62«). 

HYDRAZINES. The term ‘ ‘ hydrazine ’ ’ 
M'as first apjdicd to the then uriknoMii diamide, 
NHgNHg, by E. Fischer, but is commonly 
understood to include those derivatives in which 
the hydrogen atoms are replaced by other 
radicals. The reactions of such compounds 
divide them sharply into (a) those still j ontaining 
an NHj group and (b) those in vhich at least 
one of the hydrogen atoms of each ammo group 
has been replaced. As all the compounds of 
any imiK)rtance under (h) arc hydrazo-com- 
pounds this account includes only those hydra- 


zines containing the grouping ^N NHg em- 
bracing hydrazine itself, mono- and unsym. -di- 
alkyl, -aryl, -acyl, and aralkyl hydrazines. 
Hydrazine, NjH^, Mas first obtained by 
Curtius (Bcr. 1887, 20, 1532) in the forms 
of its hydrate and its salts by hydrolysing tri- 
azoacctic acid, (CHNa-COjHja. The formation 
of hydrazine from many other organic com- 
pounds has also been reported, but it M^as a 
considerable time before simpler preparations 
from inorganic materials Mere elaborated. Thus 
traces of hydrazine are formed on exposing 
nitrogen and hydrogen to ultra-violet light, by 
passing a spark discharge through nitrogen- 
ammonia mixtures, by the direct oxidation of 
ammonia by cupric sulphate, by air alone 
(Raschig, Ber. 1907, 40, 4688), or in presence of 
noble metals (Krauss, Z. physikal. Chem. 1938, 
B, 89, 83) : 


4NH3+02=2H20+2N2H4. 


Hydrazine is also formed in small amount by 
the reduction with sodium amalgam of nitric 
oxide -potassium sulphite, K 2 SO 3 - 2 NO (Duden, 
Ber. 1 894, 27, 3498) prepared by the interaction 
of nitric oxide and potassium sulphite (Divers 
and Haga, J.(\S. 1896, 69, 1610). 

Hydrazine is most readily obtained, however, 
by oxidising ammonia with sodium h 3 q)ochlorite 
(Raschig, l.c . ; r/. M oiler, Kong, dansk. Vidensk. 
Selsk. 1034, 12, No. 16) when chloramido initially 
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formed reacts with excevss of ammonia. The 
yield is remarkably dependent on the presence 
of glue or gelatin {see also Joyner, J.C.S. 1923, 

1 123, 1114), an effect which has been attributed 
to the influence of the colloid on the viscosity of 
the solution (dilution with a mobile solvent 
such as acetone exerts an unfavourable influence) 
or alternatively to the adsorbent properties of 
the colloid (the action of other strong adsorbents 
such as charcoal, colloidal silicic acid, etc., is in 
some measure comparable with that of glue). 
The base is convTniently isolated (preparation : 
Organic Syntheses, Coll. Vol. I, 1932, 302) as its 
sulphate, NgH^-HoSO^, distillation of which 
with aqueous alkali yields hydrazine hydrate, 
NgH^jHgO (Curtins and Schultz, J. pr. Chom., 
1890, [iij, 42, 521), b.p. 119'^. Its dehydration 
was achieved by de IJruyn (Rec. trav. chim. 
1894, 13, 433 j ‘1895, 14,‘ 83; 1896, 15, 174; 
1899, 18, 297) using barium oxide (barium and 
sodium hydroxides, calcium oxide and sodamide 
have since been used) and yields anhydrous 
hydrazine as a l orrosive liquid, b.p. 113 5°, m.p. 
1 1-4°, fuming strongly in air. 

J^ure hydrazine and its aqueous solutions are 
relatively stable but (Iccompose rapidly in 
presence of alkali and air to nitrogen and water. 
With stronger oxidising agents, e.g. hypo- 
chlorites, reaction is very vigorous with rapid 
evolution of nitrogen. 

Hydrazine is basic in character and although 
the pure compound reduc'cs sul]»huiic and other 
oxygen-containing acids, a range of compounds 
containing tetra- and hcxa-valcnl sulphur, etc., 
have been described. Hydrazine also forms 
metallic derivatives, thus excess of sodamide 
yields sodium hydrazine and an explosive zinc 
hydrazine has been described. Hydrazine is a 
good solvent for many inorganic salts some of 
which, however, suffer reduction. 

Hydrazine condenses with carbonyl eom- 
jiounds to give azines which are often difficultly 
soluble coinpounds of high melting-point : 

2RR'C0+N2H4 RR'C:NN:CRR'. 

Hydrazine is used only to a minor extent in 
tec hnical practice, e.g. as an antioxidant (U.S.P. 
197372-1) or in the application of azo-dyes (F.P. 
766957) but is a valuable laboratory reagent 
as a reducing agent and for the precipitation 
of metals. Thus it affords a sensitive micro- 
chemical test for zinc (Ray and iSirkar, Mikro- 
chem., Emich Festschr., 1930, 243) and may 
be used to separate aluminium and chromium 
(Maljarow, Chem. Zentr. 1930, If, 1408); iron 
from manganese (Jilek and Vicovsk^, Coll. 
Czech. Chem. Comm. 1931, 3, 379); and to 
precipitate nickel, cobalt and cadmium in forms 
suitable for gravimetric estimation (Ray and 
Sirkar, J. Indian Chem. Soc. 1930, 7, 251). 

Hydrazine may be detected by its ahihty to 
reduce gold salts (Curtins and fSchrader, J. pr. 
Chem. 1894, [ii], 50, 318) or by the red acid- 
sensitive coloration given with ferric chloride 
after oxidising wdth alkaline ethyl nitrite to 
hydrazoic acid. 

Semicarbazide, NHjCO NH NHj, is pre- 
pared : 

(1) By boiling hydrazine with (a) urea 
(CurtiuB and Hcidcnroich, Ber. 1894, 27, 56), or 


(6) potassium cyanate (Biltz and Amd, Annalen, 
1905, 339, 250; cf. Bouveault and Loequin, 
Bull. Soc. chim. 1905, fiii], 38, 163). 

(2) From nitrourea by reduction either with 
zinc dust (Thiele and Heuser, Annalen, 1895, 
288, 312) or eleetrolytically (Organic Syntheses, 
Coll. Vol. J, 1932, 472). The last method has 
the advantage of yielding the pure compound 
directly whilst in the older preparations it w^aa 
necessary to convert it into a derivative {e.g. 
of acetone or henzaldehyde) from which the 
semicarbazide was regenerated. 

Scmicarbazidc forms prisms, m.p. 96°, but 
IS usually employed as its more stable salts with 
one equivalent of acid. It is used as reducing 
agent and both litrimetric (Maselli, Cazzotta, 
1905, 35, i. 271) ami gasometrii* (l)atta, J. 
Amer. Chem. Soc. 1914, 86, 1014; 1916, 38, 
2737) estimations depend upon this property. 

SomKarbazulo readily reacts with carbonyl 
compounds togiveeharacteristicsemicarbazones : 

RR'CO hNHa-NH CO NHg 

RR'C;N NH CO NHj f HjO 

This reaction is usually earned out by mixing 
cold or w^arm solutions of a semicarbazide salt 
(hydrochloride) and the i-arhonyl coiiijioiiiid in 
water, with alcohol jf necessary, and buffering 
excess acidity with sodium acctiit(‘ when the 
derivative crystallises out. Ociasionally, if the 
solution is subjected to long heating, the product 
contains hydrazine dicarbomliamidc. The re- 
action IS normal for most carbonyl compounds 
though abnormal reactions as with chloral are 
Hometnnes eiK'ountenid : 


CCIa'CHO f NHg NH-CO NHj 
/OH 

-CCI.vCH.^ 

^NHNHCONHg 

(Kling, (^ompt. rend. 1909, 148, 569 ; Bull. Soc. 
chim. 1909, [iv], 5, 412), and a/S-urisaturated 
carbonyl compounds often yield semicarbazide- 
semicarbazones of the type (Rujie and Ilinter- 
lach, Ber. 1907, 40, 47()4‘) ; 


^C— i:NNHCONHj5 
NHCONHNH, 


Thiosemicarbazide, NHg NH CS NHg,. 
m.p. 181^183°, is prepared by boiling hydrazine, 
hydrate with aqueous potassium carbonate and 
thiocyanate (Freund and Schander, Ber. 1896, 
29, 2501). Thiosernicarhazoncs which are 
prepared similarly to the oxygenated com- 
pounds usually have low' melting-points but are 
of value in that they give complex compounds 
with salts of heavy metals, particularly mercury 
(Neuberg and Ncimann, ibid. 1902, 35, 2049; 
Jensen and Ranckc-Madsen, Z. anorg. Chem. 
1936, 227, 25). Thiosemicarbazide is a re- 
latively non -toxic antioxidant suitable for 
spraying dried fruits to prevent discoloration 
(U.S.P. 2088458) and for stabilising adrenaline 
(IT.S.P. 20471*44). It exerts a specific influence 
on the quality of silver electroplating (Egeberg 
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and Promisel, Tranw. Elcrtrochom. Soc. 1938, 
74 , Preprint 13) and actH aB an anticorroBion 
asaiBtant on iron or iron alloys (F.P. 052598). 
4-Phenyl8emicarbazide, 

PhHNCONHNHg, 


m.p. 122°, is formed on boiling semicarbazones 
with anilifie and then hydrolysing and separating 
the ketonie constituent (Horsclic, Ber. 1905, 38 , 
832), but is Ix'Ht prepared liy heating phenylurea 
with hydrazine hydrate (Organic SynthcHes, 
ColJ. V'ol. I, 1932, 439). PhenylHcmiearbazido 
iH oeejiMionally used aw a ketone reagent (Braun 
and Nteindrirtt, Ber. 190.5, 38 , 3097; Sah and 
Ma, d. (diincHe Chem. »Soe. 1934, 2 , 32) giving 
dorivativcR winch form complexes with heavy 
metals sueh a.s iron, cadmium, cobalt, etc. 
(iSmith, J.(\S. 1937, 1354; ilenscn and Rancke- 
jMadsen, Z. anorg. (3iem. 1936, 227 , 25) ; it has 
also been incorporated in therapeutic prepara- 
tions (Svensk Karin. Tidskr. 1938, 42 , No. 16 , 

iSiippl. 1). 

Benzhydrazide, o-, 7n- and p-nitrobenz- and 
otluir aryl hydrnzidvs^ obtained by heating the 
carbowlic amides or esters with hydrazine 
liydrate, give well-defined crystalline aldehydic 
or kctonic derivatives which are sometimes more 
conveniently handled than the phenyl hydra- 
zones (Curtius et al., J. pr. Chem. 1894, [ii], 50 , 
275, 295; 1895. 51 , [iil, 105, 353), Like other 
hydrazides benzhydrazide undergoes ehemilii- 
mincseent oxidation by liypochlorite (Coiirtot 
and Bornanoso, Compt. rend. 1937, 205 , 989). 
Sah and his co -workers have prepared a large 
number of nitrobenzbydrazonos (Sci. Rep. Nat. 
Tsmg Hiia Lniv. Ser. A, 1934, 2 , 357; Chen, 
J. Chinese Chem. Soc. 1935, 8, 251) some of 
w'hich seem to he of distinct value, e.g, for the 
complete isolation of vanillin (Sehorigin and 
Smoljaiimova, A. 1935, 750 ; for inicrochemical 
use, n(iE Griobel and Weiss, Mikroohem. 1927, 5 , 
14(i). Ar\l aeid hydrazides are efliiieiit oxida- 
tion-inhibitors (G.P. 504430). 

Kinhom (Aniialen, 1898, 300 , 135; 1901, 317 , 
190) has shown that hydroxyacyl hydrazones 
of the type : 

O— CONHN-CC 


^OH 


^ire formed particularly eajsily by aldehydes but 
mueh less readily by ketones and possess the 
property of dissolving in alkali and being pre- 
cipitated unchanged by acid. 

Semioxamazide, NH 2 -COCO-NHNH 2 , 
m.p. 220-221°, prepared by Imiling hydrazine 
with oxamethane in alcohol, is recommended as a 
reagent for aldehydes, c.g. furfural and cinnanial- 
dehyde (Kerp and Vnger, Ber. 1897, 30, 585). 

Phenylhydrazine, HgN NHPh, is con- 
veniently prepared by reducing benzene di- 
azonium salts with stannous chloride (Hantzsch, 
ibid. 1898, 81 , 340), zinc dust (Meyer and Leeco, 
ibid. 1883, 16 , 2976), alkali sulphite (Fischer, 
ibid. 1875, 8 , 590; Annalcn, 1878, 190 , 73; 
Organic Syntheses, Coll. Vol. T, ^932, 432) or 
olcetrolytically (Fichter and Willi, Holv. Chim. 


Acta, 1934, 17 , 1416). The manufacture by the 
reduction of nitrobenzene using lead oxides is 
the subject of patent claims (G.P. 486598) 
and it is also produced by the very remarkable / 
action of fiuoramine (NH.F) on aniline (F.P. \ 
735020). 

Phenylhydrazine has m.p. 19-6° (Fischer, Ber. 
1908, 41 , 74), b.p. 243-5°/700 mm. (corr.), 

1 0970 (Perkin, J.C.S. 1890, 69 , 1209). It is 
very susceptible to oxidation and the hydro- 
chloriflc is usually used for the preparation of 
pheriylhydrazones. It is weakly basic and forms 
iiiono-aoid salts, although easily dissociable salts 
w'lth two ecpiivalents of inorganic acids have 
been described. Tlio base and many of its 
derivatives arc toxic. 

Phenylhydrazine may be detected by its l olour i 
reactions with sodium hypobromito (Delm and 
Scott, J. Amer. Chem. Soe. 1908, 30 , 1422), 2:4- 
dinitrobeiizaldehyde (Sachs and Kemp, Ber. 
1902, 35 , 1230) or formaldehyde and sodium 
nitroprussido (Simon, Compt. rend. 1898, 126 , 
483; Bull. Soc. (him. 1898, liii], 19 , 299). The 
oxalate crystallises well and provides a means 
of identification (Bamberger and Suzuki, Ber. 
1912, 45 , 2752). More conelnsive is its eharai'.ter- 
isation as a phenyl by drazonc {^ee Hydjiazones). 
It is estimated by its reducing action on Fehliiig’s 
solution (Strache, Monatsh. 1891, 12 , 525; cf. 
Maclean, Biochem. .1. 1913, 7 , 61 1) or on arsenic 
a(’id (CauHse, Compt. rend. 1897, 125 , 712 ; Bull. 
Soe. chim. 1898, fiii], 19 , 148). 

Phenylhydrazine is used in the laboratory to 
characterise carbonyl compounds as phenyl - 
hydrazones and sugars as osazones (mechanism : 
Kenner and Knight, lier. 1936, 69 [B], 341) and 
as an analytical reagent, e.g. for molybdenum 
{see Schmidt, “ Anweiidung der Hydrazine in tier 
aiialytisehen Chemie,'’ Stuttgart, 1907, p. 31), 
lor aluminium in presence of iron (Ishimaru, 
Sci. Rep. Tfdioku Imp. Uiiiv. 1936, 1, 25 , 780), 
lor mercury (Miller, Chem. -Analyst, 1938, 27 , 9). 
In technical practice phenylhytlrazino is the 
source of pyrazolone mcdicirials (“ anttpyririe/^ 

“ pyramidone ”), bactericidal azo-compounds 
(Jug.l*. 13777) and of some azo dyes such as 
Eriochrome Red (U.S.P. 1856413). Attempts 
have also been made to put some of its deri- 
vatives to therapeutic uses in the treatment of 
tuberculosis (review : Schnitzer, Z. angew. 
Chem. 1930, 43 , 744). Phenylhydrazine is an 
efficient antioxidant (B.P. 312774) and an 
effective softener for natural and synthetic 
rubber (B.P. 488701) particularly when pro- 
tected by the presoneo of another antioxidant, 
and that it similarly improves cellulosie materials 
sueh as those intended for surgical use is claimed 
(Swiss P. 183210). 

Phenyl hydrazine-^-sulphonic acid, 

H^N NH CeH^ SOjH, 

m.p. 286°, is prepared by sulphonating phenyl 
hydrazine or reducing diazotised sulphanilic 
acid. Its reactions are often abnormal as when 
it forms addition compounds with aromatic 
aldehydes and ketones (e/. however, its use in 
isolating the corpus luteum hormone, Swiss P. 
170618, and its reaction with sugars, B.P. 
340619). It aovertholesB yields pyrazolones 
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with aliphatic diketones, and the yellow dyestuff x>mt8 of dinitrophenylhydrazones of approxi* 
tartrazine with dihydroxytartaric acid, i . 


NaOaC C--N 


NaOaSH^Ce-HN 


•N:i— I 


^NC.HjSOjNa 

CO 


(G.P. 34294 ; Swiss P. 119718) ; it is also the 
Bourco of dipyrazolones (F,i\ 44843) and nitro- 
colours (B.P. 409512). l*henylhydrazine-p-8ul- 
phonic acid lias been applied in the form of 
long-chain hydrazoiies {e.g. of lauric aldehyde) 
as a textile assistant (F.P. 755143). Its possible 
therapeutic action on malignant tumours has 
lieen investigated (Iloyland, Biochein. J. 1938, 
32, 1207). 

^-Bromophenylhydrazine, 

HgN NH CaH^Br, 

m.p. 105-5®, prepared by brominating a jjhenyl 
hydrazone and hydrolysing the product (Hum- 
phreys, Bloom and Evans, J.C.S. 1923, 123, 


mately 100 aldehydes and ketones and recom- 
mends their preparation in isopropyl alcohol 
using hydrochloric acid. 

Methylphenylhydrazine, HgNNMePh, 
'.p. 13P/35 mm., is best prepared by reducing 
N-nitrosomcthylaniline with zinc dust (Fischer, 
Annalen, 1886, 236, 198) or electrolytically 
Wells, Babcock and France, J. Amer. Chem. 
Soc. 1936, 68, 2630). This base is useful for 
deiiiifying sugars in particular, the hydrazones 
•I osazoiies being crystallised from glycerin 
Wageiiaar, Pharm. Weekblad, 1934, 71, 229). 
^lethylphenylhydniziiie heated with diliydroxy- 
laphthHlenes, yields hydroxy na|»bthoearba- 
zoles used as mtermediiites for azo colours 
;G.P. 548HI9). 

Diphenylhydrazine, H^N NPhj, m.p. 44®, 
prepared by reducing N-nitrosodiphcnylamine 
Fischer, Annalen, JH78, 190, 175; Stahel, 
ibid. 1890, 258, 243), may be used to characterise 
simple aldehydes but is mosf valuable as a re- 
agent for reducing sugars with whuh it gives 
leautifully crystallim- hydrazones. Its use as 


1768) or directly by lirominating phenylhydra- an antioxidant in gasoline and in pctrr)leuin 


racking distillates has been claimed (F.S.P. 
1906044, 1793635). 

Benzylpheny I hydrazine, 

HgN NPh CHgPh, 

b.p. 216-21 8®/38 nim., is prepared by the action 
ol benzyl chloride on pheiiylhydrazine. When 
fr<*e from pheiiylhydrazine it reacts with 
sugars to give only hydnizones and not osa- 
zones. 

j9-Naphthy I hydrazine, NHa-NH-CioH^OB), 
m.p. 124-125®, is made by reducing j3-naphthyl 
diazonium salts (Fischer, Annalen, 1886, 232, 
242) or by the action of hydrazine on j3-napliihol 
in a sealed IuIh^ fFranzen, Her. 1905, 38, 266). 
29,281; c/. G.P. 62004). The sparing solubility This hydrazine forms highly erystallme, very 
of p-nitropheiiy I hydrazones has been utilised in sparingly soluble hydrazones, particularly with 
the estimation of aldehydes (Feinberg, J. Amer. sugars, but it is remarkable that different pro- 
Chem. Soe. 1927, 49, 105), and of acetone in urine ducts, probably stereoisomcrides, are obtained 
(Dehio, Z. anal. ('^heni. 1936, 104. 417); for when they arc prepared in acetic acid or alcoholic 
ehomical use, sec Feigl (Mikroohini. Acta, 1937, solution (Hilger and llothenfiisser, Ber. 1902, 
1. 127). 36, 1841, 4444). Naphihoeaibazolcs may be 

2:4-Dinitrophenyl hydrazine, obtained technically by heating naphthyl- 

hydrazine with hydroxy naphthalene carboxylic 


zine and reducing the resulting bromodiazoniiim 
bromide (Miehaelis, Bcr. 1893, 26, 2190) is a 
useful reagent for carbonyl compounds and 
particularly for sugars (Neuberg, ibid. 1899, 32, 
2395; Z. physiol. Chem. 1900, M, 256; miero- 
eheinieal use, Feigl, Mikrochiin. Acta, 1937, 1, 
127; Wagonaar, Pharm. Weekblad, 1934, 71, 
229). 

^i-Nitrophenyl hydrazine, 

HjjN-NH CaH^-NOj, 

m.p. 157®. p-Nitraniline is diazotised, the 
diazonium salt reduced by alkali bisulphite and 
the resulting ajS-disulphonic acid hydrolysed by 
mineral acid (Bamberger and Kraus, Ber. 1896, 


HaN-NH CaH3(N02)2 


acids (U.S.P. 1948923). 

A number of new chloro- and bromo-nitro- 
m.p. 198», ia best obtained by the interaction of phcnylbydra^in^ and nlkyl-aryl-hydrazines have 

. ,, Kaati Tvi.uTvn T'Of'l rtir IVI n.n.HU’n.nf'. I T.rn.v oniTri 

2i4-dinitro-chloro- or -bromo- benzene with 


hydrazine in alcoholic solution. It yields an 
orange pigment, m.p. 298®, on heating wit! 
acctoacetanilide in alcohol (G.P. 269665) and 
is a valuable reagent for carbonyl groups {see 
Hydrazones) both for qualitative and quantita 
live purposes, e.g. for estimating furfural and 
camphor in galenical preparations (Hampshire 


been prepared by Maaskant (Rec. trav. chim. 
1937, 56, 211) by replacing halogen atoms in 
halogenonitro^nzones by hydrazine? and repre- 
sentative hydrazones have also l)een described. 

A. H. C. 

HYDRAZOBENZENE, PhNH NHPh, is 

prepared by reducing nitrobenzene in hot 
alcoholic solution with zinc dust or iron in 


and Page, Quart. J. Pharm. 1934, 7, 568). Its presence of alcohol or solvent naphtha, and also 
use according to the original method of Brody electrolysis. M.p. 126-127 (Darmst&dtor, 

® 1 ^ loaoio. 100*7 TT ooAo . 


(J.C.S. 1931, 756) sometimes gives rise to hydra- 
zones of slightly varying melting-point, a 
phenomenon at one time ascribed to stereo- 
isomerism but believed by Campbell (Analyst 
1936, 61, 391) to be due to aldol condensation 
products. This worker re-examined the melting- 


G.P. 189312; Chem. Zentr. 1907, II, 2002; 
Ismailski and Kolpenski, ibid. 1933, II, 3049). 
Decomposes at the melting-point to give aniline 
and azobenzene. Hydrochloric acid converts it 
into benzidine. 

HYDRAZOIC ACID (u. Vol. I, 680a). 
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HYORAZONES. CoinpoumJfl obtained by a — CO group which condenses with the 
eliminating water l>etween (‘arboriyl compounds hydrazine to form a dihydrazone or osazono : 
and hydrazine or mono- or unHym -diHubstituted RCH(OH) CHO -> RCH (OH) CH N N HR' ( 
hydrazines: RCOCH:NNHR' 

RR'CO+NHj NR"R"' (A) 

--RR'C:N-NR"R"'+HjO 

RCO CHj OH ^ RC(:N NHR') CH, OH 

Simple mono-carbonyl compounds react with -> RC(:N’NHR')CHO 

hydrazine itself under mild conditions to give (B) 

monohydrazones, or azmes, R'RC:N N;CRR', rC(:N NHR')CH:N NHR' 

according to the }»roportjon ol base employed. ' / ^ / / 

On the other hand polycarhonyl compounds Whilst the mono-hydrazoiies of sugars arc 
{e.g. benzil) usually afford polyhydrazoncs appreciably soluble in water the osazones often 
although 1:3- and l;4-diketone8 react with crystallise well from water or very dilute acetic 
hydrazine itself to give pyrazoles and pyrazines acid, and their characteristic crystalline forms 
respectively and ^-kcitocsters react smoothly serve as a ready means of identifying sugars 
to give pyrazoloruis (r/. Fusco and -liistoni, miiroscopically (»’. infra). 

Gazzetta, 1937, 67 , 3), sometimes with inter- All of these compounds are normally obtained 
mediate formation of true hydrazones which can by interaction of the components in cold or 
be isolated; dihydropyrazolcs (pyrazolines) arc warm alcoholic, aqueous or weakly acid solution, 
often obtained from a/S-unsaturated carbonyl (Jonstitutum. — Wliilst hydrazones derived from 
compounds in addition to unsatiiratcd hydra- bases N RR'-N Hg can onl}" have the constitution 
zones (Raiford and IVicrHon, J. Org. (3icm. 1937, NRR' N:CR"R'", a number of alternative 
1 , 544) : structures have been proposed for the dernatives 

of primary hydrazines, NHRNHg, c.j/. 


NHRN:C< 


NR:NCH< 




An important technical application of such 
reactions is the interaction of (‘lliyl aeetoace- 
tate with jihenylliydrazinc when the first-formed 
phenylhydrazoiie loses a moleeiiie of alcohol to 
give (1), the N -methyl derivative of which is 
the drug “ antipyrint.'^ 

CO 

X \ 

Ht NPh 


The substituted hydrazones of carbohydrates 
are readily oxidised by excess of the hydrazine, 
an adjacent — CH-OH group btung oxidised to 


Although there is known to be a close eonneeiion 
between hydrazones (11) and azo-compounds 
(111) all normal hydrazones are believed to be 
of form (II). In other eases the problem is not 
easily deeuled. Thus many eompounds winch 
may be regarded as hydrazones are obtainable 
by the action of diazoniuin salts on phenols or 
compounds with reactive methylene groups. 
Hydriiidene-l‘.3-dione gives a “ hydrazone ” 
which is hydrolysed to ninhydrin (l:2:3-triketo- 
hydrindenc) and )3-ketoeBters exhibit similar 
reactions, usually with “acid” or “ ketonic ” 
hydrolysis (Japp and Klingemanii, Ber. 1887, 
20 , 2942, 3284, 3398; Annalen, 1888, 247 , 190). 
So ethyl cyr/o-pentanono- and -hexanonc-2- 
carboxylaics yield with phonylhydrazine, dione 
monophcnylhydrazones or phenylhydrazones of 
acyclic koto-acids according to the conditions 
(Linstead and Wang, J.C.S. 1937, 808; see also 
Dieekmann, Annalen, 1901, 317 , 27; Lyons, 
J. Proc. Roy. Soc. New South Wales, 1932, 66, 
616; Manske and Robinson, J.C.S. 1927, 240) : 


^CHaCO 
CHjt I 
^CHaCH 

CO,Et 


^CHa-CO 
CHa I 

"^CH,CHN:NPh 


^CHaCO' 

CHa I 

\CH, C:N NHPh 


^CHa COaH 


^CHaCOaH 


XHaCHN.NPh 

CO«Et 


Among aromatic compounds the question of and Bindewald (Ber. 1884, 17, 3026) studied the 
hydrazone or azo structure has given rise to monophenylhydrazone of a-naphthoquinone (IV) 
discussion extending over many years. Zincke and observed that the same compound is ob- 
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tained from a-naphthol and benzene diazonium 
chloride and might be thought therefore to 
jDossess structure (V) : 

O 


Br 




CHjj— C— COoEt 

II 

PhHNN 



Many similar instances among o- andp-hydroxy- 
azo-compounds have since been noted. The 
evidence in favour of one or the other form in 
these instances is conflicting and ranges, for 
example, from the formation by o-hydroxyazo- 
compounds of chelate bodies in support of the 
azo strueturo to their unwillingness to form 
alkali metal salts as would be anticipated from a 
hydrazone stnicture. The chemical evidence 
has been summarised by Auwers (Annalen, 1931, 
487 , 79 ; 1933, 505 , 283), who concludes on this 
basis that the p-compounds are azo bodies whilst 
their o- isomers behave as o-quinonoid derivatives. 
Kuhn (Naturwiss. 1932, 20 , 622) had suggested a 
betaine structure, but his later spectroscopic 
evidence (Kuhn and B&r, Annalen, 1936, 516 , 
143) indicates that the two forms arc in equili- 
brium in solution, one or other form pre- 
dominating according to the solvent ; this inter- 
pretation, however, is not wholly accepted by 
Burawoy {ihid. 1936, 521 , 298 ; J.C.S. 1936, 36). 
(For a review of the spectrochemistry of 
hydrazones, see Ramart-Lucas, Bull. Soe. chim. 
1936, [v], 8, 723). 

Hydrazones of the form CRR';N-NR"R"', 
where R, R' are different, are theoretically 
capable of existing in two stereochemical modifi- 
cations according to the direction of the N-N 
linkage with respect to the double bond and a 
large number of isomers of this type are known 
(see Meisenheiracr and Thielacher in Freuden- 
berg’s “ Stereochomic,” 1933, p. 1095) ; quite 
stable isomers of certain di- and tri-nitro- 
phenylhydrazones (e.g. of furfural) have been 
prepared (Bredereck and Fritzsche, Ber. 1937, 
70 [B], 802) and Sempronj (Gazzetta, 1938, 68 , 
263) starting with l:2-bromonaphthylmethyl 
bromide prepared ethyl a-acetyl-)3'(l-bromo-2- 
naphthyl) propionate, which on hydrolysis and 
treatment with benzene diazonium chloride gave 
tw^o isomers of l-bromo-2-naphthyl-pyruvic acid 
phenylhydrazone which must be regarded as 
stereoisomers as each gives rise to the same 
indole by the Fischer reaction : 



1— CH™— C— COjEt 

II 

M Nl U DU 


In these instances the configuration is rarely 
established with cert^ainty as no general reaction 
is known to afford any distinction such os does 
the Beckmann rearrangement in the case of 
stercoisomcric oximes; isomeric phenylacyla- 
inine hydrazones have been distinguished by the 
ability of one isomer to form cyclic condensation 
products with aldehydes 

Ar— C— CHj— NHR 

II +R'CHO 

N— NHPh 

Ar— C~CHa— NR 

II I 

N— NPh— CHR' 

(Busch, Friedenberger and Tischbein, Ber. 1924, 
67 [B], 1785> and similar arguments have been 
advanced with reference to stannic chloride 
addition comjiounds of licnzilosazones (llieber 
and Sonnekalb, Annalen, 1927, 456 , 86). The 
fact that no absorption in the infra-red spectra 
of o-hydroxyarylhydrazoncH can be traced to 
hydroxyl groups has suggested that chelation 
normally exists. This ('an be so only, for 
example, in salicylaldchyde phenylhydrazone 
(VI), when the configuration of the aryl and 
— NHPh groups about the C ■= N linkage is trans, 



O CH 

\ 

H -N NHPh 

VL 

and indeed if experience of azo compounds is 
a guide then this is the normal or more stable 
configuration of all hydrazones. 

Properties . — Hydrazones are usually well 
crystalUsod compounds, particularly when 
derived from arylhydrazines. On warming 
with mineral acid they are relatively smoothly 
hydrolysed to the parent carbonyl compounds, 
but regeneration is more conveniently effected 
by “ double decomposition ” using pyruvic ' 
acid : 

RjCiN NHPh^-CHa CO CO.H 

RaCO+CH8 C(:N NHPh)COjH 

(Fischer and Ach, ibid. 1889, 253, 67). Diffi- 
culties in regeneration, particularly of ketones, 
have been recently overcome by the use of 
tertiary ammonium acethydrazides, Girard’s 
Reagents (q.v.). 

Mild catalytic reduction of phenylhydrazones 
by hydrogen in presence of palladium affords 
substituted hydrazines whilst more drastic 
reduction results in rupture of the N‘N bond 
with formation of a mixture of amines : 

CHoCHrNNHCeH. 



:m 


IlYDRAZONES. 


Oxidation of hydrazono.s with iodine, amyl 
nitrite or mercuric oxide (Von IVchmann, Ber. 
1893, 26, 1045) yields t«*trazaiicH (hydrotetra- 
zones). In some uiMianccH (( 'minis, .1. pr. Chem. 
1891, [ii], 44 , 182, 200, 535), however, the pro- 
ducts do not contain 4 atoms of nitrogen but 
are true difizo-coniyioundH (Forster and Zimnierli, 
J.C.S. 1910, 97 , 21 50; Staudingor and Kupfer, 
Ik*!'. 1911, 44 , 2197), this providing a convenient 
method for their preparation. Tlius benzo- 
phi'iionchydra/onc and mercuric oxide yield 
diphenvldiazornethane, (C^H 5 ) 2 CN .2 (Staii- 
diiigcr, Aiithes ami I’tcnninger, thid. 1910, 49 , 
1932). 

Many hydrazoiies lose ammonia when treated 
uitli zinc chloride or often with hot dilute 
mineral acid to yield indoles (^.u.)» although 
normal regeneration takes place in some in- 
stances and cold strong hydrochloric acid will 
normally hydrolyse osazoiics to the diketones. 

The iinino hydrogen atom of phenylhydra- 
zones reacts with maleic anhydride with the 
formation of substituted maleiamido-acids ; in 
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The N linking in the hydrazones gives ^ 

rise to considerable absorption of light of 
A 3,500-3, 700 a. and it has been proposed to\ 
utilise this property in more highly substituted \ 
hydrazones suc'h as (IX) in the construction of ^ 
ultra-violet light filters (U.S.P. 2129132). 


isolated instances these might be of value as a 
lurthc^r means of characterising the hydrazones 
(Fai'ola, Uazzetta, 1935, 65 , 024). 

Hydrazones may be oxidised by selcnioiis acid 
into diazonium salts which may be detected m 
amounts as little as 0-04 pg. by conversion into 
azo-i'olours, the reaction therefore a (lords a 
s(‘nsitivc test for hydrazones (Keigl, Mfkrochiin. 
Actfi, 1937, 1, 127). 

Arylhydrazones of aliphatic aldehydes react 
with Grignard reagents ; the addition com- 
jKuinds may be decomposed to give hydrazines 
and so proviilc a useliil source of substituted 
bases ((iraminaticakis, Compt. rend. 1937, 204, 
1292): 

R CH.N NHAr >RR -CH N (MgBr) N HAr 
^RR' CH NH NHAr 

This last reactitm is similar to the direct addition 
of HCN to hydrazones to form nitriles (r/. Miller 
and Vlbchl, lier. 1892, 25, 2023). 

HCN 

RgCiN-NHAr R2C(CN) NH NHAr. 

Application . — Hydrazones have not found 
direct extensive industrial application, although 
the use, for example, of sulphonated aryl- 
hydrazones as a source of sulphonated indoles is 
the subject of patent claims (B.l*. 340019). The 
derived pyrazolones are represented by some 
drugs (“ aniipyrinc ") and by an important 
group of dyestuffs in w hich tartrazinc {v. p. 301 o) 
may be regarded as a hydrazone (v. Hydrazines, 
this Vol., p. 298c). hsatiri Yellow (V^Il), obtained 
by the action of phenylhydrazine-p-sulphoiiie 
acid on isatin (G.P. 40470), and Phenanthrene 
Bed (VIII) from phenanthraquinone and 1- 
naphthylhydrazin0-4-8ulphonic acid (G.P. 40746) 
are probably true hydrazones. 



CH, CO C COoNa 

II 

NNHC.H, 

IX. 

In the laboratory hydrazones, usually aryl 
compounds, provide a ready means of character- 
ising and, in some cases, of estimating carbonyl 
compounds. Pheiiylhydrazones are commonly 
employed, but /i-nitro- and p-bromo-phenyl- 
liydrazones, )3-naphthyl-, methyl-phenyl-, and 
asym. diphenyl-hydrazoncs are also used. The 
2:4-diiiitrophenylhydrazones crystallise well and 
are valuable (Brady et al.. Analyst, 1920, 61, 
77; J.C.S. 1929, 478; 1931, 750; Allen, J. 
Amer. (^hem. Sor. 1930, 52 , 2955) ; owing to the 
ease with which they arc obtained in alcoholic 
sulphuric acid or hydrochloric acid solution and 
their relative insojiibility, they can, in some 
instances, be isolated quantitatively (Iddles and 
Jackson, Ind. Eng. C!hem. [Anal.], 1934, 6, 454). 
Instances have been recorded, e.g. the complex 
ketones tctracyclone, acecyclone, etc., where 
the commoner hydrazones are unobtainable but 
where 2:4-dinitrophenylhydrazones have formed 
normally (Joston, Ber. 1938, 71 [B], 2230). 
Nitroguanyl-hydrazones (Smith and Shoub, 
J. Amer. Chem. Soc. 1937, 59 , 2077) and m-tolyl- 
(Sah and Tseu, Sci. Rep. Nat. Tsing Hua Univ. 
1936, 3 , 403) have also been recommended for 
this purpose. 

Some sugars can be identified by examining 
under the microscope the crystalline form of their 
osazunes (v. supra) with phenyl-, tolyl- and other 
hydrazines (^ee Sah and Tseu, ibid. 409 ; Fischer 
and PauluB, Arch. Pharm. 1935, 278, 83). 

A. H. C. 

HYDRAZOTOLUENES, pepared by suit- 
able reduction of the corresponding nitrotoluene. 
oo'-Hydrazotohiene, m.p. 166° (Rossow and 
Becker, J. pr. Chem. 1911, [ii], 84 , 336; G.P. 
297019 ; U.S.P. 1226052). wm'-Hydrazotoluene 
is a yellow oil. pp'-Hydrazotoluene, m.p. 
134° (Rassow and Rtilkc, J. pr. Chem. 1902, [ii], 
65 , 120, 108). 


VII. 
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HYDRIDES. The hydrides, which include | 
a number of the commonest inorganic com- 
pounds as well as some of those most diHicult to 
prepare, may be classilied as follows : — 

(а) Volatile hydrides. 

(б) Salt-likc hydrides. 

(c) Solid hydrides of ill -defined composition, 
which are probably interstitial com- 
pounds {v. infra). 

{d) Certain other hydrides which cannot 
readily be included in classes (tt)-(c). 

(a) Volatile Hydrides. — The most versatile 
hydride -forming element is carbon ; organic 
chemistry may be regarded as the chemistry of 
carbon hydrides and their derivatives, which 
are, in general, to be assigned to tht* class 
of volatile hydrides. Other elements giving 
hydrides of this type are as follows : boron 
(Vol. II, 40c/); silicon; germanium (Vol. V, 
521f7); till (1‘ancth e/ a/., Rer. 1019, 52 [B], 
2020); lead (I'c/em, ihid. 1020, 53 [B], 1093); 
nitrogen (e. Ammonia, Hydrazine, Azoimtde) ; 
phosphorus ; arsenic (Vol. 1, 472c/) ; antimony ; 
bismuth (Vol. I, bOO/i) ; oxygen (?’. Hydrogen 
Peroxide); sulphur, selenium, tellurium, polo- 
nium ; fluorine (Vol. V, 278r/), chlorine (Vol. HI, 
bOtt), bromine (V'oJ. TI, 117a), and iodine. It 
w ill be noted that formation of volatile hydrides 
IS generally characteristic of non-metals, although 
a lew metallic elements also give hydrides 
of this type. The linkmgs in volatile liydridi 
are iisually covalent (r. (-oordinatton CVim- 
rOUNDS). 

(/>) Salt-like Hydrides. — The known salt- 
hke hydrides (viz. LiH, NaH, KH, RbH, 
CsH (Vol. 11, 190c), CaHj (Vol. 11, 2()6d), 
SrHj and BaH2) are white crystalline solids, 
generally prepared by heating the metal in 
hydrogen ; for the jireparation and iiroperties 
of barium hydride, see. Giiritz, Compt. rend. 1901, 
132 , 90.3 ; JDafert and Miklauz, Monatsh. 1913, 
34 , 1685. These hydrides arc probably similar 
in constitution to salts of the metals, since 
(i) the alknli-metal hydrides have crystal lattices 
similar to that of sodium chloride ; (li) on 
electrolysis of the fused hydrides the metal is 
liberated at the cathode and hydrogen at the 
anode (Kasamow^sky, Z. anorg. Chem. 1928, 170 , 
311; Peters, ibid. 1923, 131 , 140); (iii) the 
hydrides are exothermic and denser {cf. class (c)) 
than the parent inetids (Sieverts and Gotta, 
ihid. 1928, 172, 1 ; Hagen and Sieverts, 1930, 
185 , 239, 254 ; Proskurnin and Kasarnowsky, 
ibid. 1928, 170 , 301). The salt-like hydrides 
react readily with water, affording hydrogen and 
the metallic hydroxide, e.g. 

NaH+H20 = NaOH I H^. 

(c) Interstitial Hydrides. — Certain metals 
absorb relatively large quantities of hydrogen 
when heated in the gas and give ill -defined 
solid “ hydrides,” the exact composition of 
which varies with the conditions of prepara- 
tion. Typical products of this type may be 
represented by the following non-stoicheio- 
metric formulee, which merely serve to show the 
ratio between the numbers of metal and hydro- 
gen atoms in the crystal lattices of the solid 

Vol. VI.— 20 


hydrides: LaH 2 - 7 «, CeHj.eg (given in Vol. II, 
508f. as “CeHj (?)”), RrH-.g^, ZrH,.„, 
TiHi.^j, ThH 3 .Q 7 , VHq.qq, TaHQ.^g and 
PcIHq.j (Hagen and Sieverts, ibid. 1929, 185 , 
226 ; Sieverts and Gotta, ibid. 1928, 172 , 1 ; 
1930, 187 , 156; 1931, 199 , 384; Z. Eloktro- 
chem. 1926, 32 , 105 ; Sieverts and Roell, Z. 
anorg. Chem. 1926, 163 , 289; Huber, Kirsch- 
feld and Sieverts, Ber. 1926, 59 [B], 2891). As 
in the cose of the salt-like hydrides, heat is 
evolved when these substances are formed 
from their elements ; the interstitial hydrides, 
however, are less d^nse than the parent elements 
(Sieverts and Gotta, U.c.). This fact supports 
the view that the hydrogen atoms are accoin- 
'Tiodated in the interstices of the metal lattice, 
which 18 cxjiandcd by the insertion of these 
atoms. The interstitial hydrides an^ powerful 
reducing agents, probably beeauso the loosely- 
held hydrogen which they contain is in the 
atomic condition. 

The amount of hydrogen adsorbed by metals 
such as iron, cobalt, nickel and platinum is in- 
suflieient to indicate formation of interstitial 
hydrides comparable with those liitcd above, but 
the meehanisra of the adsorption process is 
jHobably similar to that of the formation of 
these hydrides (r/. IlYDROiiKN — Adsorption). 

(d) Other Hydrides not Classified Above. 
— A copper hydride containing rather less 
hydrogen than is indicated by the formula 
CuH is precipitated on addition of sodium 
hypopliosjihite solution to a solution of cupric 
sulphate at 65°. Copper hydride is* a brown 
explosive powder when freshly prepared, but 
it becomes black and more stable on keeping 
(Neuiihoeffcr and Nenlel, J. pr. Chem. 1935-36, 
LiiJ, 144 , 63). It is an endotlu^rmio compound, 
the heat of formation being —5 12 kg.-eal. 
(iSievorts and Gotta, Annalen, 1927, 453 , 289). 
8 olid hydrides of nickel, cobalt, iron and 
chromium, NiH2, CoHg, FeH 2 and CrHj,, are 
precipitated on passing hydrogen through an 
ethereal solution of phenyl magnesium bromide 
containing the apjiroiiriate anhydrous metal 
chloride in solution or suspension ; another iron 
hydride prepared by a similar method, FeH^, is 
described as a heavy oil (Weichselfelder and 
Thiede, ibid. 1926, 447 , 64). There is evidence 
for the cxisHmce of a tungsten compound of a 
similar type {idem, ibid.). 

Further details relating to hydrides will be 
found in articles dealing with the individual 
elements. For a general review, see Emelins 
and Anderson, “ Modem Aspects of Inorganic 
Chemistry,” London, 1938. 

HYDRINDONE, Indanones. From the 
structure of hydrindene (I) it is evident that it is 
the parent substance of two cyclic mono-ketones, 
two di-ketones and one tri-ketone. 

a-lJydrindone (Indan-l-one) ( 11 ) has been pre- 
pared from ^-phenylpropionyl chloride (26 g.) 
in light petroleum (40 g.) by the action of 
aluminium chloride (25 g.) with gentle warming 
for i hour (Kipping, J.C.S. 1894, 65, 485). 
Wedekind effected the condensation with ferric 
chloride in carbon disulphide solution (Annalen, 
1902, 323 , 255). Other modications of the pre- 
paration from /9-phenylpropionyl chloride have 
been devised (Thiele and Wanscheidt, ihid. 1910, 
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376 , 271 ; Haller and Bauer, Compt. rend. 1910, 
160 , 1476 ; Ingold and Thorpe, J.C.S. 1919, 116 , 
149). It ie also formed by dropping acrylyl 
chloride (20 g.) dissolved lu benzene (34 g.) 
into a mixture of aluminium chloride (20 g.) 
and carbon disulphide (00 g.) (Moureu, Bull. Soc. 
chim. 1093, liiij, 9, 670; Ann. Chim. 1894, [vii], 
2, 199; Kohler, Amcr. Chem. J. 1909, 42, 375). 
R. A. Bacaud and C. V. H. Allen (“ Organic 
SynihfWH,” 1938, 18, 47) add hydrogen chloride 
to freshly distilled indenc, the resulting a- 
chloroindene is then oxidised by chromic an- 
hydride dissolved in diluted acetic acid (1:1) at 
36-40^. After dilution and neutralisation with 
sodium carbonate, the hydrindone is recovered 
by steam distillation. 



(zinc dust and acetic acid) and then hydrolysed 
by dilute sulphuric acid (Wallaeh and Beschke, 
Annalen, 1904, 886, 3). Moore and Thorpe 
obtained the compound by the action of sul- 
phuric acid on 2-aminomdene-3 -carboxylic acid 
which reacts as 2-imino-hydrindene-3'Carboxylic 
acid (J.C.S. 1908, 93, 180; see also Proc. C. S., 
1911,27,108). 

M.p. 58“ or 60“ ; b.p. 220-225“. Oxime, m.p. 
155“ ; semicarbazone, m.p. 218° (decomp,). 

l:l:3;3-Tetrachloro-j3-hydrindone results from 
the action of bleaching powder on l:l:4:4-tetra- 
ehloro-2:3-diketotetrahydronaphthalcnc (Zincke 
and Pries, Annalen, 1904, 384, 256). 
a)9- Diketohydri ndene ( Indan - 1 : 2 -dione), 

yCHjv * 

)>CO 

\ CO / I 

results when tsonitroso-a-hydrindone is hydro-*^ 
lysed by liydrochlorie acid in presence of ^ 
formaldehyde (Perkin, llolwrts and Robinson, 
•I.C.S. 1912, 101,232 ; see earlier papers, Kipping, ' 
ibid, 1894, 66, 492; Gabriel and Stelzner, Ber. 
1890, 29, 2604. Vf. also Steinkopl and Bes- 
saritseh, ibid. 1914, 47, 2931). 
ay- Diketohydrindene (Indan- 1 : 3 -dione), 

/CO. 

c.h/ )ch, 

\co/ 


a- Hydrindone is colourless and crystal line, 
m.p. 39-42° (diflPerent observers), b.p. 243-245° 
(Gabriel and Hausmann, Ber. 1889, 22, 2018), 
d about l-I, magnetic rotation (Perkin, J.C.S. 
1894, 65 , 489; 1896, 69 , 1243). 

On halogenation, the hydrogen atoms in 
position 2 are first replaced, then those in 
position 3. The oxime has m.p. 144°; azim, 
m.p. 164-105° ; semiearbazone, m.p. 239° (or 
233°) ; and i^nitrophenylhydrazone, m.p. 234- 
235°. The keto-group is also capable of re- 
acting with active methylene groups, thus 
Thorpe and Ingold obtained ethyl mdcnyl-3- 
cyaiioacetato by condensation with ethyl cyano- 
acetato in presence of secondary bases (J.C.S. 
1919, 115, 150). 

The carbonyl group activates the methylene 
group in position 2 so that 2 mol. of a-hydrindone 
condense to give anhydro-bis-a-hydrindono 
(Kipping, I.C., p. 495) ; whilst both methylene 
groups react with p-nitrosodimethylaniline 
(Huhemann, J.C.S. 1910, 97, 1445). With 


Acetic and phthalic esters are condensed by 
sodium othoxido, the resulting diketohydrindene 
•arboxylic ester hydrolysed and carbon dioxide 
eliminated from the resulting acid. M.p. 129- 
131° (Gabriel and Neumann, ibid. 1893, 26, 954 ; 
G. Poiizio and A. Pichetto, Gazzetta, 1923, 53, 
20; W'. O. Teeters and R. L. Shrincr, J. Amer. 
Chera. Soe. 1933, 55, 3026). 

The methylene group is very reactive and 
anhydrodiketohydrindone is produced by elimi- 
nation of Mater between 2 mol. (Wislicenus and 
Kotzlc, Annalen, 1889, 252, 76). According to 
Hantzsch {ibid. 1912, 892, 322), anhydrodiketo- 
hydrindone is 




CO/ 


and not 


/ >C:C/ >CO 


isatin chloride, 2:2'-indoxylindan-l-one, 

^ Cf. also Fischer and Wanag {ibtd. 1931, 489, 97). 

. CO . reactivity of the methylene group is also 

CgH^/ NC:C<^ exhibited in the reaction with phenyldiazonium 

\CHj/ ^NH/ salts which give triketohydrindene jS-phenyl- 

hydrazone. ay-Biketohydrindene also con- 
is formed (Felix and Friedlaendcr, lilonatsh. 1910, denses with isatin chloride to give 2:2'-indoxyl- 
81, 60; Kalle and Co., G.P. 227862). indan- l:3-dione, a compound of indigoid type 

Hydrindone (lndan-2-oiie) (III) has been (Felix and FriedliLnder, Monatsh. 1910, 31, 56), 
obtained by distillation of calcium o-phenylene- Derivatives of indan-l-.^ -dione have been pre- 
diaoetate (Schad, Ber. 1893, 26 , 222 ; Benedikt, pared by Black, Shaw and T. K. Walker (J.C.S. 
Annalen, 1893, 275, 353), by heating hydrindene 1931, 272), and Walker, Suthers, Roe and Shaw 
glycol with dilute sulphuric acid (Heusler and (i6id., p. 614). Malonyl chloride and several alkyl 
SchieiTer, Ber. 1899, 32, 30) and from 2-nitro- substituted malonyl chlorides, R-CH(COCl )2 
indene which is reduced to ^-hydrindone oxime (R=H, CHj, CiH^, n-C^H^, n-C^H^, ri-CjHn, 
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wO’CjH^, wo-C^Hp, wo- 
CsHj.) and (C,H 5 )gC(COCI),, have been oon- 
dens^ with resorcinol dimethyl other and with 
0-naphthyl methyl ether by aluminium chloride 
in nitrobenzene solution. I)emethylation occurs 
in the oi^Ao-position to carbonyl and the re- 
sulting compounds have the following struc- 
tures : 


CH 30 , 



CHR 

OH CO 

oc,'^ Nco 

^CHR 

1 1 

J Jeo 

1 


[ J J 




The numerous derivatives ])repared in this 
way have been studied with respect to their 
antiseptic powers, whicli arc selective. 
Numerous oompoimds of the type 

.CO, 

C.H / CR, 

\co^ 


have been synthesised by Freund and Fleischer 
(Annalcn, 1913, 399. 182; 1913,402.51; 1915, 
409, 268; 1917, 414, 1), Das and Ghosh (J. 
Amer. Chem. Noc. 1919, 41, 1221), Fleischer 
(Annalen, 1921, 422, 231, 265, 272, 317). 

Such (lisubstituted diketohydrindenes must 
necessarily possess a diketonic structure, but 
enol tautomerism is possible in the case of the 
parent substance and certain derivatives. Thus 
the anil (m.p. 208°) is probably 

CO 

C«H,( )CH, 

C:NPh 


in the free state, whilst the salts with ac ids and 
bases are probably derived from the forms 

CO 

C.H,( )CH 
C NHPh 


C OH 

and CflH 4 <^ ^CH respectively 

ciNPh 


The enolisation of 2-monoacylindan-l:3- 
diones may give compounds of the type 

XO. 

CflH / ^C;CR OH 

\co^ 

(Scheiber and Hopfer, Ber. 1920, 53 [B], 697). 

TriketohydrindenCy Indanetrione, 'CgH 40 ,. 
HydratBy CgHQ 04 . When diphthalylethane it 
oxidised with hydrogen peroxide, diphthalyl- 
ethylene (“ indenigo *’) is obtained as the chief 
product of the reaction (v. Kaufmann, ibid. 
1897, 30, 387). A small amount of a by- 
product was isolated, which was supposed to be 
triketohydrindene but the amount was insufficient 
for analysis. 


Ruhemann subsequently isolated the triketone 
as its colourless hydrate and examined its re- 
actions (J.C.S. 1910, 97 . 1438, 1446, 2025). 
For the preparation, use is made of the fact that 
both the methylene groups of a-hydrindone 
react with p-nitrosodimethylaniline. Solutions 
of 6 g. of the former and 24 g. of the latter, each 
in 60 c.c. alcohol, are mixed, cooled with ice 
and a small quantity of alcoholic potash added. 
After a day, the black solid is collected and cry- 
stallised from a large quantity of mcAthylated 
spirit. The product forms green prisms (solu- 
tion, bluish-black), m.p. 174°, it is the hydrate of 
2:3-bis (p-diraethylamiuoanilo)-a-hydrindone : 


C 4 H 4 — C:NC4H4NMe2 
CO Ln CflH4 NMea 


By gently warming with dilute sulphuric acid, 
triketohydrindene hydrate is liberated (i7>id.)* 
On crystallisation from hot w^ater, colourless 
prisms are obtained which turn red at 125°, 
froth at 139° and decompose at 239-240°. 
Ruhemann also prepared the hydrate from 1:3- 
diketohydriridcne and from 0-hydrindone using 
nitrosodimethylaiiiline and hydrolysing the 
resulting anils (J.C’.S. 1911, 99, 796 ; cf. Pfeiffer 
and Hej-se, J. pr. Chem. 1941 [ii], 168, 315). 
It is also obtained in 31-35% yield from 1:3- 
dikctohydrindone and SeOg in aqm'ous dioxan 
(W. D. Tccttii's and R. L. Shriner, J. Anu‘r. 
Chem. Soc. 1933, 55, 3026). 

For the absorption spectrum, uve Purvis, 
.l.C.8. 1911, 99, 1953. The alkaline solution is 
yellow at hrst, becoming colourless, at which stage 
it contains o-hydroxymandelic acid. The aqueous 
solution reduces Fohiing’s and ammoniacal silver 
solutions but is itself reduced to 2-hydroxy-l:3- 
diketohydrindene by sodium amalgam. The 
substance is markedly iKiisonous. 

Under the name of runhydririy triketohydrin- 
dene hydrate has found application as a reagent. 
It had been observed that the compound gave 
a deep blue coloration with arnino-acids by 
means of which mere traces of the hydrolytic 
products of proteins could be recognised (Ruhe- 
mann, J.C.S. 1910, 97, 2025 ; 191 1 , 99, 793, 1486). 
The presence of free amino- and carboxyl -groups 
was necessary for a positive result. 

Comparison of the formulie of alloxan and 
ninhydrin : 


CO 


^NH-CO,^ 

\nhco/ 


C(OH), 




suggests that as alloxan reacts with amino -acids 
to give an aldehyde and murexido (Strecker; 
Annalen, 1862, 128, 363), so the triketohydrin- 
dene may act as an oxidising agent on amino- 
acids giving an aldehyde, carbon dioxide and 
ammonia, the last of these compounds then re- 
acting with the “ hydrindantin ” formed by the 
reduction of the ninhydrin with formation of an 
ammonium salt of diketohydrindylidenediketo- 
hydrindamine. Hydrindantin was obtained 
by the reduction of ninhydrin with hydrogen 
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Biilphide and gavo tlir expeotod reactions ; its 
formula and that suggcHted for tlui i)rodiict from 
ninhydrin and ammonia are as follows : 


,co. ,co. 

CeH,( >C(OH)OCH<' 


CO^ /.C(ONHJ 

\rn/ CO 


\ 


CO^ 






Tt Mas found that n<jt only tlu* a-amino-aeids 
Imt also acids with an amino-group in )3-, y-, 8-, 
or €-p«isjtionH respond to the test. Ruhemann 
states that t>oth amino- and earboxyl-grouijs 
must be intact so that the reaction is not given 
by ]>henylglycine or hippuric acid or by the 
esters of the araino-acida. Ruhemann found that 
the test w'as so delicate that when hydrindantin 
is boiled with alcohol, it gradually dissolves to 
yield a dark reddish-violet solution. This was 
attributed to ammonia pri^sent in the air of the 
laboratory, and precautions should therefore be 
taken (H. (Jardner, Lancet, 1030, ii, 525). 

Condensation of ninhydrin with prolirio can 
be efleeted in aqueous solution at 7. The 
products fiom proline and hj^droxyproline liave 
been assigned the constitutions (R = H or OH) 
(W. (irassmann and K. von Ariiiiii, Aimalen, 
1934, 509, 288). 


HN 


J- 


CO 


XX . -CO 

'/C:d 

-CO I I ^co 
CH.— CHR 


C.C ' 



(Numerous references to the use of ninhydrin 
ns a reagent will be found in the biochemical 
literature.) 

Oximes of trihclohydrindene : 

2- Monorime, in.p. 200-201^ (deeonip.). Ob- 
tained from l:3-diketohyilrindono and nitrous 
acid (W. O. Teeters and H. L. Shriner, Amer. 
Chem. Soe. 1933, 55, 302(i). 

{•M-l)ioxime, m.p. 233" (decoinp.). By adding 
nmyl nitrite (10 g.) and HCI (1 e.c. 30%) to 
2-hydrindono (4 5 g.) in alcohol (15 e.c.) (F. 
Heusler and H. «chieffer, Ber. 1900, 33, 32). 

l:2-Dwxime, m.p. 1G8" (decomp.). From 2- 
oxiinino-1 :3-diketohydriridone, hydroxylamme 
hydrochloride and sodium acetate in alcohol 
at 00-70". (C9H503N5j)2Ni and other de- 
rivatives have been prepared ((L Ponzio and 
A. Riehetto, Cazzetta, 1923, 53, i, 20). 

Indenone, 

/CO 

c.h/ \ch 


Some halogen substituted derivatives have been 
made (Zincke, Ber. 1887, 20, 1269 ; Schlossberg, 
ibid. 1900, 88, 2426). 

J T H 

HYDROCERUSSITE. Until recently thii 
mineral was known only from two localities in 
Scotland and Sweden as very thin, scaly crusts 
with pearly lustre on oxidized lead ores. The 


Scotch mineral had from its appearance been 
named “ plumbonacrite.” Analyses of the 
very small amount of material had given 
different results, and the formula 

2 PbC 03 Pb( 0 H )2 

was based on analyses of the artificially pre- 
pared crystalline material (L. Bourgeois, 1888). 
l.iater it was recognised on specimens from the 
ancient lead mines in the Mendip Hills in 
Somersetshire, the best material having been 
preserved in the mineral collection of John 
Woodward, which was bequeathed to the 
University of ('amhridge in 1728. in the 
Mendip lead ores the mineral usually occurs as 
an intermediate stage in the alteration of 
mendipite (2PbO PbCl 2 )to eerussite (PbCOJ. 
Crystals arc rhombohedral with a tabular 
lenticular (flat rhombohedral) habit, and ane 
characterised by a perfect basal cleavage on 
whitili the lustre is markedly pearly. On a 
cro.ss fracture the mineral closely resembles^ 
eerussite in appearance, for which it has iio\ 
doubt often taren mistaken. Cleavage flakes 
are optically uniaxial and negative ; sp.gr. 0-80, 
hardness 3J. Analyses of the Mendip mineral 
show the presence of a small amount (0-3“/[j) of 
chlorine, suggesting the presence of a com- 
pound 2PbCOg PbCl2 in isornorjihous mixture 
w'ith 2PbC03-Pb (OH)2. Hydroeerussite as 
minute scaly crystals has also been detected in 
Roman lead slags from Laurion in Greece and 
from the Mendip Hills (L, J. Spencer, Min. Mag. 
1923, 20, 80). 

Hydroeerussite is identical in composition 
with the white lead (Latin, ccrussa) of com- 
merce, and the purer flake-white no doubt 
owes its scaly form to the lamellar habit and the 
perfect basal cleavage of the crystalline material. 

L. J. S. 

HYDROCHLORIC ACID {v. Vol. Ill, 69). 

HYDROCINCHONICINE {tK Vol. Ill, 
16,3r). 

HYDROCINCHONIDINE (e. Vol. Ill, 
162a). 

HYDROCINCHONINE (i;. Vol. 111. 162rf). 

HYDROCINCHONINONE {v. Vol. Ill, 
163rf). 

HYDROCINCHOTOXINE (c. Vol. Ill, 

I63c). 

HYDROCUPREICINE {v. Vol. Ill, 168a). 

HYDROCUPREIDINE {v. Vol. Ill, 165c). 

HYDROCUPREINE (c. Vol. Ill, 167c). 

HYDROCUPREINOTOXINE (r. Vol. 
Ill, 168a). 

HYDROCYANIC ACID (v. Vol. Ill, 492c). 

HYDROFLUORIC ACID. Use of in 
etching glass (?>. Vol. V, 281c). 

HYDROFLUOSILICIC ACID (v. Vol. V, 
2826). 

HYDROGEN. 

History. — ^The existence of a gas, which has 
since been shown to be predominantly hydrogen, 
was recognised in very early times. Its in- 
flammability was noted by Van Helmont and 
by Turquet de May erne in the seventeenth 
century. It hence became known as “ in- 
flammable air ” and was somewhat naturally 
confused with other inflammable gases such as 
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hydrocarboos, carbon monoxide and hydrogen | 
sulphide. 

Cavendish (Phil. Trans. 1766, 68, 141) showed 
that in the reaction between dilute sulphuric or 
hydrochloric acids and iron, zinc or tin the same 
gas was liberated. He coiihrmed its combusti- 
bility, and measured its specific gravity and the 
amount of gas evolved relative to the amount 
of metal used. During most of the eighteenth 
century, however, the ideas on the nature of 
hydrogen were confused by tlie phlogisti)n 
theory. 

Occurrence. — In the free state h3'^drogen 
occurs widely but in small quantities. To a 
very slight extent it occurs free in the atmo- 
sphere (Gautier, Ann. Chim. Phys. 1901, [vii], 
22,5 ; Liveing and Dewar, ibid. p. 482 ; Rayleigh, 
Phil. Mag. 1902, [vi], 3, 416; Leduc, (^ornpt. 
rend. 1902, 135, 860, 1.‘1.‘12). According to 
Claude {ibid. 1909, 148, 1454) there is less than 
1 part of hydrogen in 1 million parts of air. 
It occurs in the upper atmosphere but is virtually 
absent from certain layers (Kaplan, Nature, 
1935, 136, 549 ; Pederson, Kgl. Dariske Vidensk. 
Selsk. Math-fysi. Medd. 1927, H, No. 4; Amcr. 
Ghem. Abstr. 1928, 22, 2873). It occurs in 
funiaroles in Tuscany and other places. The 
gasi'H issuing from the salt bods of Stassfurt 
(Keichardt, Arc;h. Phariii. 1860, 103, 347 ; 
r*reeht, Ber. 1880, 13, 2326) and at Wicliczka 
(Rose, Pogg Ann. 1839, 48, 353) contain hydro- 
gim, and it also occurs in the gases given off by 
the oil-wells of Pennsylvania, West Virginia, 
Ohu) and Indiana (Englcr, Bor. 1888, 21, 1816; 
l.'.S.A. Geol. Sur. 1909, 2, 297). Hydrogen has 
been found occluded in certain meteorites 
(Graham, Proc. Roy. Soc. 1867, 15, 502 ; Mallet, 
ibid. 1872, 20, 365), and in a large number of 
luincrals (Ramsay and Travers, Proo. Roy. 
Soc. 1897, 60, 442; Tilden, ibid. 1897, 60, 453), 
and in clays. It occurs in the gaseous mixtures 
evolved from certain volcanos (Bunsen, Ann. 
Chim. Phys. 1853, [iii], 38, 259 ; Deville, Compt. 
rend. 1862, 65, 76). 

Spectroscopic observations have shown that 
hydrogen completely surrounds the sun, forming 
an envelope which has received the name of the 
chromosphere. Hydrogen also occurs in certain 
stars and nebulai. 

In a combined form hydrogen has even a wider 
distribution on the earth’s surface than in the 
free state, and occurs much more abundantly 
In the ^gion comprising the earth’s crust, the 
ocean and the atmosphere, hydrogen is the ninth 
most plentiful element from the point of view 
of weight (0-95%) and the second most plentiful 
element from the point of view of the number of 
atoms (16-3%) (Clarke, “ The Data of Geo- 
chemistry,” Washington, 1916, p. 34). The 
forms in which combined hydrogen occurs are 
well known : water and hydrates, acids, alkalis, 
hydrides, hydrocarbons and virtually all organic 
compounds. 

Fohmation. 

(1) Electrolysis. — If a dilute solution of an 
acid is electrolysed between electrodes which 
are unattacked by hydrogen, there is an evolu 
tion of hydrogen at the cathode as a primary 
decomposition product. Under comparable con 


ditions the electrolysis of a salt or alkaline solu- 
tion yields hydrogen at the cathode as a 
secondary decomposition product. Thus with 
NajSo/: 

Primary decomposition, 

NaaS 04 -> 2 Na^^-fS 04 

Secondary decomposition at cathode, " 

2Na4 2HjO ->2NaOH-|-Ha 

111 dilute solutions of acids and of alkalis the 
dual products are in both cases and O2, and 
the process is referred to as the electrolysis of 
water, since the aiid or alkali doeoniposed by 
clcetroh'sis is relbrineil by secondary doeom- 
position and only the elements of water are 
removed from the reaction medium. The energy 
required for evolution of ci(uivttlpnt amounts of 
Hg and Og (apart from over-voltage and the 
resistance of the solution) is thus independent of 
the electrolyte. The total energy required with 
smooth platiniiiii electrodes was determined by 
Le Blanc (Z. physikal. (3iem. 1891, 8, 299; 
1893, 12, 333) as about 1-7 volts for W-solutions, 
which is thus the miiiinnnn voltage reijuired for 
the electrolysis ol water. IdoHlly 1 g. -equivalent 
of hydrogen (for that matter ot any eleinoiit) is 
liberated by 96,500 coulombs of electricity. In 
practice Hie amounts of hydrogen and oxygen 
evolved are not exactly ecjiii valent to each other 
or to the amount of (‘urrent. This is duo to the 
different solubility of Hg and Og in water, to 
recombination of Hg and Og in solution, and (if 
a sulphuric acid solution is used) to the formation 
of persulphiinc acid and to other minor causes. 
Hydrogen is also evolved in th(< electrolysis 
of certain solutions where oxygen is not given 
off at the anode, e.y. in the electrolysis of acids 
such as HCl whoso anion does not undergo 
secondary decomposition. Here the products 
are Hg and CIg and the decomposition voltage 
is about ]-31 volts for a W-solution. 

In the electrolysis of solutions of certain salts 
of strong acids and strong bases, e.g. N 32804, 
Ca(N03)a, the final decomposition products are 
again hydrogen and oxygen. The secondary 
decomposition, however, results not in the 
re-formation of the neutral salt but of acid 
(HgS04 in the case of Na2S04) at the anode, 
and alkali (NaOH in the case of N 33804) at 
the cathode. The anions are thus discharged 
from an acid solution and the cations from an 
alkaline solution. The degree of acidity and 
alkalinity are practicaUy the same for aU salts 
of strong acids and strong bases, and the 
decomposition potential is about 2-2 volts for 
N-solutions, 

In the electrolysis of metal halides, hydrogen 
is formed by secondary decomposition at the 
cathode, but there is no corresponding decom- 
position resulting in oxygen at the anode. The 
decomposition voltage therefore depends upon 
the halide. For an N-solution of NsCI it is 
1-98 volts. 

(2) Ionic Dispiscement of Hydrogen 
from Water. — ^The action which certain metals 
exhibit of displaomg hydrogen from water 
depends upon the electropositiveness of the 
metal being greater than that of hydrogen. 
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When an clectropoaitive metal is immersed in 
a solution of its own salt it forces some of its 
ions into the solution by virtue of its electrolytic 
solution 'pressure. This process continues until 
the osmotic pressure produced by the additional 
ions equals the electrolytic dissociation pressure, 
leaving the metal with a negative charge which, 
for a given strength of solution and at a given 
t/Cinperaturc, is dependent upon the electro- 
pfisitivcncss of the nietal. 

The following are the electrometric values for 
some of the principal elements, measured against 
normal solutions : Fritz Ephraim, “ Inorganic 
Ohemistry,’* Oumey and Jackson, 1939. 


Cs . 

. . -2-91 

Co^+ . 

. -0-29 

Rb . 

. . -2-74 

Ni . . 

. -0-22 

K 

. . -201 

Pb . . 

. -012 

Na . 

. . -2-4ri 

Sn . . 

. -010 

Ba . 

. -215 

H . . 

000 

Ce-^’ ' 

. . -210 

Sb . . 

. -101 

Li . 

. . -209 

Bi . . 

. 1-0-2 

Sr . 

. . -207 

Ce*-++-‘ . 

. +0 24 

Ca . 

. . -1-90 

As . 

. -1 0-3 

La . 

. . -1-75 

Cu^ + 

. +0 34 

Th . 

. . -1-75 

Re . . 

. +00 

Nd . 

. . -105 

Ag . . 

. +0-80 

Mg . 

. . -1'55 

Hg^‘ . 

. + 0-80 

Pr . 

. . -1-44 

Pd . . 

. +0-82 

Al . 

. . -1-28 

Pt . . 

>+0-86 

Mn . 

. . ~104 

Au^ . . 

. +1-5 

Be . 

. . -0*81 

Te . . 

. -0-84 

Zn . 

. . -0*76 

S . . 

. -0-55 

Ga . 

. <-()'70 

0 . . 

. +0-39 

Cr^-^ 

. . -00 

1 

. +0-64 

Fe++ 

. . -0-43 

Br . . 

. +1-08 

In 

. >-0-40 

Cl . . 

. +1*36 

Cd . 

. . -0'40 

F . . 

. +1-92 

Tl . 

. . -0-33 




Any of the metals above hydrogen will there- 
fore displaeo it from a solution containing 
hydrogen ions. In the case of water whore the 
number of hydrogen ions is low, the rate of 
evolution is lower than with acids, but it never- 
theless does occur very readily in the cold with 
the alkali metals, but decreasing in extent on 
descending the scries. The same considerations 
which apply to the liberation of hydrogen from 
water also govern its displacement from NHj. 

In many cases the hydroxides formed protect 
the metal from further action and any method 
of increasing the solubihty of the hydroxide, 
such as an increase in temperature or the appli- 
cation of a mass-action effect, increases the 
extent of the reaction. 

The effect of metallic couples is to decompose 
water electrolytically. Metallic impurities, by 
forming couples, have a marked effect on the 
apparent readiness of a metal to replace hydrogen 
from water (and acids). ’ 

(3) Displacement of Hydrogen from 
Acids. — Hydrogen ions can be displaced as 
hydrogen atoms (and thence as molecules) from 
acid solutions similarly to their displacement 
from water. The greater eoncentration of H ions 
in this case, and the usually greater solubility 
of the salt compared with the hydroxide, facili- 
tate the reaction. In practice it is found that 
the ease of displacement of hydrogen seldom 


follows the series given above, since this series 
refers to normal solutions and the order of the 
metals varies with concentration. Traces of 
impurities also have a marked effect on the 
reaction for reasons which have been mentioned 
earlier. The reaction is facilitated by any factor 
which increases the number of hydrogen ions 
(dilution), decreases viscosity of the acid and 
facilitates replacement of the H ions removed 
from the sphere of action (increase in tempera- 
ture), increases the sphere of action (powdering 
of the metal), or removes a protective gaseous 
or solid coating from the metal (dilution, etc.). 
Well-known examples of the inhibition of the 
reaction are Fe in cone. HjSO^ and Pb in 
H 2 SO 4 , in M'hich protective coatings of different 
types are formed. On exposure to an oxidising 
agent many metals, particularly iron, form 1 a 
protective oxide coating, even w^hen the 
oxidising agent is itself an acid, e.q. nitric, 
chloric, chromic. The passive metal is then 
insoluble even in dilute acids until another 
metal is introduced to set up a couple, or unti^ 
the coating has been removed by reduction > 
or other means. The salts of many weak acids 
are readily hydrolysed to an insoluble hydroxide 
or to a basic salt, so that weak acids usually 
hav^e but little action on metals. 

(4) Displacement of Hydrogen from 
Alkalis. — Many elements displace hydrogen 
from hydroxides, e.g. : 

llcartantB. Products. 

Na . NaOH Na^O . . 

A1 . NaOH Na,A 103 . H, 

Zn . NaOH Na^ZnOj . H^ 

Sn . NaOH Na^SnO^ . H^ 

B . NaOH NajBO, . H, 

Si . NaOH Na^SiO^ . H^ 

P . NaOH NagPO* . H^, PH- 

Cl . NaOH NaCIO. . HCI-^NaCI 

The element concerned forms part of the 
anion in the resulting compound and the re- 
action is favoured by the metal of the hydroxide 
being a strong cation. Thus NaOH is better 
than Ca(OH) 2 . Where possible the hydrogen 
combines with excess of the element so that 
the method apjilies principally to metals and 
those elements having metallic allotropes, e.g. 
PH- as well as H- is formed wdth P, and only 
HCI with Cl. 

(5) Reduction of Water. — The ionic dis- 
placement of H from water has already been 
described, but H can also be produced from 
water by non-ionic reaction with many metals. 
The reaction of water with the metals other 
than those at the top of the electrometric series, 
is probably non-ionic, e.g. in the high tempera- 
ture reaction with Fe. 

HgO+Fe^FeO+Ha 
Ha0+3Fe0^Fe304+H2 
4H20+3FeV Fe304+4Ha 

For the references to the equilibrium con- 
stants, heats and rates of these reactions, see 
Mellor, “ Comprehensive Treatise on Inorganic 
and Theoretical Chemistry,'’ 1934, XIII, p. 806. 
The values given have since been modified (Chip- 
man, J. Amer. Chem. Soc. 1933, 56, 3131 ; 1034, 
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56, 2011 ; Emmett and Shultz, ibid, 1033, 55, 
1376 ; Shibata, J. Chem. Soc. Japan, 1935, 56i 
736; Tec’hiifarov and Averbuch, Acta Phyaico- 
chim. U.U.S.S, 1936, 4, 617), When no attempt 
ia made to diacriminate between ionic and non- 
ionic reactions, the metals can be divided into 
proupB according to their action on water — a 
concept which played an important part in early 
attempts to classify the metals (Thenard, 
“Traits de Chimie fel^mentairc,” Pans, 1816; 
Regnault, “ Coiirs 616mentaire dc Chimie,” Pans, 
1840). 


(irtnip. Metals. 


’ondltlon for decom- 
position of water. 


1 . 


3. 

4. 


Alkali and alkaline 
earth. 

Be, Mg, cte., and 
rare earths. 

Zn, Cd, Sn, Fe, Ni. 

Co, Cr, Os. 

Cu, Pb, otc. 

Hg, Ag, Au and Pt 

family except Os. 


Cold. 

50-1 00"C. 

Red heat, ca. 
550"C. 

White heat, ca. 

1,,300"C. 

No reaction. 


Further data, including equilibria, etc., of 
these reactions, have since been obtained, e.g . : 

Cr, Aoyania and Kauda (J. Chom. Soo. 
Japan, U)34, 55, 1174). Co, Shibata and Mori 
{ibnl, 1933, 54, 50; Z. anorg. Chem. 1933, 212, 
305). Ni, Skapski and Dabrowski (Z. Elektro- 
chem. 1932, 38, 365). Sn, Emmett and Shultz 
(J. Amer. Cbern. Soc. 1933, 55, 1390); Meyer 
and Scheffer (Rec.trav. chim. 1935,54,294). Mn, 
Aoyama and Oka (Sci. Rep. T6hoku, 19,33, 22, 
824 ; Amer. Chem. Abstr. 1934, 28, 1915). Metals 
generally, Guertler (Z. Metallk. 1926, 18, 365); 
Kernbaum (Compt. rend. 191 1, 152, 1668); Pour- 
baix (Bull. Soo. Beige lug. Ind. 1934, No. 7~8, 
07 pp.). Mo, Chaudron (Compt. rend. 1920, 
170, 182). A I, Scala (Atti. R. Accad. Lineei, 
1913, [vj, 22, i, 43; Amer. Chem. Abstr. 1913, 
7, 1684). Mg, Piccardi (Gazzetta, 1930, 60, 
337; Amer. Chem. Abstr. 1930, 24, 3900); 
Knapp (Chem. Nows, 1912, 105, 253); W, 
Chaudron (Compt. rend. 1920,170, 1056). Ca, 
Lettcrmann (Z. physikal. chem. Unterr. 1911, 
13, 176). Zn, Schacherl (Gazzetta, 1932, 62, 
839). Cu, Gallo (Annali Chim. Appl. 1937, 27, 
269). 

Wai-sr is also decomposed by non-mctallic 
elements. The reaction with C is best known. 

C-fHaO^ iCO+Hj, 

Cf2HaO; iCOj+2Hj 

(sfie Chemical Reactions, p. 318a, and Gas, 
Wateb). 

Si and B act similarly. Se and Te liberate 
from HjO, Te more readily than Se (Mon- 
tignie, Bull. Soc. chim. 1934, [v], 1, 507). S does 
not normally liberate Hj in its reaction with 
HjO, but at 1,000“ Hj begins to appear in the 
products (Randall and Bichowsky, J. Amer. 
Chem. Soc. 1918, 40, 362, 368; Lewis and 
Randall, “ Thermodynamics,” New York, 
1923, p. 547). Similarly, P, under some con- 
ditions, yields Hg (Ipatiev and Freitag, Z. anorg. 


Chem. 1033, 215, 388). The halogens do not 
liberate H| from water. 

Besides the elements many compounds react 
with water to give Hg, e.g. : 

CO +HgO COg+H, 

CH4+HgO -CO -|-3Hg 

(«cc Chemical Reactions, pp. 3186, 319a). 

Among liquid-phase reactions in w'hich hydro- 
gen is produced are water with manganous 
oxide, uranium oxide, ehromous oxide, titanous 
oxide, potassium cobaJtocyanide, raolybdenous 
chloride, etc. Hydrogen is sometimes evolved 
during the hydrolysis of some carbides (MPgC) 
(e. Vol. II, 281c) and silieides (CaSIg) (r. Vol. 11, 
227r). 

(6) Decomposition of Hydrides. —The salt- 
like hydrides (NaH, CaH., etc.) are readily 
hydrolysed by water to yield hydrogen, 

NaHf HgO-^NaOH+Hg. 

This reaction roiild also be regarded as a decom- 
position of water to give Hg. 

The volatile hydrides behave in various ways 
with whaler. The halogen hydrides tend to 
ionise as acids HCI -> H ' -f Cl ", a tendency 
which appears less strongly with the VI group 
hydrides, e.g. HgO, HgS. The V group 
hydrides, such as NHg, by virtue of tho lone 
pair of electrons on the central atom, co- 
ordinate with an H of HgO and ionise as bases, 
HOH+NHg >HO-i +HNH 3. With the IV 
group hydrides on the other hand the O of water 
tends to co-ordinate with the central atom, c g. 
Si, resulting in a hydrolysis which yields Hg, 
SiH4-f2H20 ->SiOg+4Hg. Similarly with the 
higher silanes. C is however unable to expand 
its octet and eonseiiuently CH^ is stable to HgO 
at ordinary temperatures. In tho 111 group a 
similar hydrolysis occurs and tho boraiios yield 
Hg+HgBOg. Silane, but not methane, yields 
Hgwit'h HCI, SiH^+HCl-j-SiHaClfHg. 

Thermal decomposition of hydrides is also 
possible and includes all typos of hydrides, e.g. 
NaH, CH4, NH„, HgO, H.S, HBr. The 
more important of these are dealt with either 
under Decomposition of Hydrocarbons (see 
below (7)) or Chemical Reactions, p. 319a. 

(7) Decomposition of Hydrocarbons and 
other Organic Compounds.— Hydrocarbons 
readily yield hydrogen at elevated temperatures, 
cither through rupture of the molecule into 
smaller fragments including Hg (cracking) or by 
simply splitting off Hg (dehydrogenation). These • 
reactions are endothermic. The development 
of catalysis in relation to these reactions has 
made great progress in recent years. 

In general the reactions obey certain principles: 

(i) Tho decomposition tends to favour the 

product which involves least rearrange- 
ment in the molecule. 

(ii) The C — C is more stable than the C — H 

link in aromatic compounds, and less 
stable in aliphatic compounds. This is 
Haber’s rule and is of wide but not of 
universal application. 

(iii) Radicals of low electron -attraction are 

formed preferably to those of high 
electron-attraction. 
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Set Hurd, “ The Pyrolysie of Carbon Com- 
pounds,” Chem. Cat. Co., 1929, Chap. II; Ellis, 
” The Chemistry of Petroleum Derivatives,” 
Vol. I, Chem. Cat. Co., 1934; V''ol. IT, Rhein- 
hold Pub. Corp., 1937, pp, 74-79 ; EglolF, “The 
Reactions of Pure Hydrocarbons,” Amer. 
Chem. kSoc. Monograph Scries, No. 73, New 
York, 1937, p. 107; Eglolf, Levinson and 
Bollman, “ Thermal Reactions of Aromatic 
Hydrocarbons,” Chicago, 1934; Motovilova, 
“Catalytic dehydration and Dehydrogenation 
of Alcohols,” J. Chem. Tnd. U.S.S.R., 1935, 12, 
1184, 1200. 

Preparation of Pure Hydrogen. — The 
preparation of small amounts of hydrogen raises 
completely differeni problems from tho.se of 
industrial production. Por the preparation of 
hydrogen on a laboratory basis the best sonrees 
ol information are Cmelin, “ Handbiieh dcr 
anorganiMchcn diemie,” Anfl. 8, Verlag (‘hemie, 
Berlin, 1927, System No. 2, p. 18, and Farkas 
and Melville, “ E.xperirnenial Methods in Gas 
Henetions,” Macmillan, New York, 1939. 

The standard method is by the action of 
acids (dil. HCI or dU. H 2 S 04 )' on metals (Mg. 
Al, Zn or Fe), preferably Zn-j H. 2 SO 4 (diluted 
1 in 8). Further detads are given by Ldlller 
(Amer. Chem. Abstr. 1927, 21, 1(171) and 
Edwards (J. Ind. Eng. (^hem. 1919, 11, 901). 

The electrolysis of acids can yield reasonably 
pure hydrogen, vjj. 1(1% H2SO4, with Pt 
eIectrod(‘s set wide apart to avoid contamination 
by Og, followed by passage of the ga.s at slight 
pressure through alkaline pyrogallol and then 
water. 

It is more usual, however, to electrolyse 
alkaline solutions, t.g. pure baryta (Baker, J.C.S. 
1902, 81, 400) or 30% NaOH with pure Ni 
electrodes (V^^zes and Labatut, Z. aiiorg. (^hoin. 
1902, 32, 404; 8ivkov, Amer. Chem. Abstr. 
1935, 29, 53 ; Fink and Mantell, Trans. Electro- 
cliera. Soc. 1927, 52, 109). The procedure given 
by Farkas and Melville, op. ci/., involves purifi- 
cation by passing over CaCl2 (to remove most 
of the HgO), over Pi asbestos or Pd asbestos at 
300°C. (to remove Og), over P2O5 and through 
a liquid air trap (to effect complete drying). 
Specially pure hydrogen is best obtained by al- 
lowing the gas to diffuse through a palladium 
tube into an evacuated reservoir. 

Pure water may bo electrolysed at 200 volts 
between Cu electrodes to give pure hydrogen 
(Saxon, Chem. News, 1931, 142, 49). 

^ Hydrogen at pressure can be generated in a 
portable apparatus, depending on the ferrosilicon 
— NaOH reaction (Lefebvre, Chim. ot Ind. 
1928, 20, 231). 

Hydrogen for ordinary use is conveniently pur- 
chased in cylinders at about 100 atm. pressure, 
or is generated in a Kipp's apparatus. In the 
latter case the gas contains AsHg, PHg, hydro- 
carbons, O2 and CO2 and, according to Farkas 
and Melville {op. cit.), can be purified by being 
passed successi voly through 50% KO H , saturated 
KMn 04 twice over, CaCl2, over Pt asbestos at 
800°C. in a silica tube, CaCl2 and P2O5. A 
more detailed accoimt of individual impurities 
and their method of removal is given in Gmohn, 
“ Handbueh der anorganischeD Chemie,” Aiifl. 
8, 1927. Pure hydrogen may also be obtained 


by evaporation from liquid hydrogen (U.S.P. 
2022165). 

When drying is effected either by passing the 
gas over drying agents or through cooled traps, 
the weight of HoO in grams per cubic metre 
remaining when the systems are in equilibrium 


Cold traps : 
-193°C. . 
-116‘»C. . 


Drying agents (at 25°C.) 

M&(CI04)2 . . . 
Mg(CI04)2,3H20 . 
KOH (fused) . . 
AI2O2 . 

H2SO4 .... 

CaCL .... 


0-7X10-** 

2-4x10-* 

<2 X 10"* 

<6 X 10 -* 

2x10^ 

2 X 10-3 

3 X 10-3 
3 X 10-3 
2-6 X 10-1 


Estimation of Hydrogen. — On passing aJi 
gas containing hydrogen slowly over palladised' 
asbestos heated to dull redness, hydrogen is \ 
removed completely, leaving paraffins unaffected. \ 
CO, COg, HgO, benzene, alcohol, HCI or NHg 
interfere. Hg destroys the activity of the Pd. 
See Lunge and Ambler, “ Technical Gas 
Analysis,” Gurney and Jackson, 1934. 


PlIVHlCAL PKOrERTIES. 

Unless otherwise specified, the following data 
refer to molecular hydrogen containing the 
naturally existing ratio of protium and deuterium 
atoms (about 5,000 to 1), the molecules being 
normal in respect to ortho and para, i.e. 0-7492 
ortho and 0-2508 para. 

Atomic Weight. — H on the physical scale is 
1-0081, on the chemical scale this becomes 
1 00785 ; allowance for ^H with the abundance 
ratio 1:5000 gives I -00805 for chemical hydrogen, 
and 1 0081 has been adopted (Eighth Report of 
the Committee on Atomii- Weights of the 
International Union of Chemistry, in Baxter, 
Honigsehmid and LeBeau, J. Amer. Chem. Soc. 
1938, 60, 737). A complete review on the atomic 
weight of hydrogen is given by Brescia and 
Rosenthal (J. Chem. Educ. 1939, 16, 491). 

Pressure/Temperature/Volume Relation- 
ships, etc. — {Set table on opposite page.) 

The figure for 1 atm. 0°(5. is taken from 
Blanchard and Pickering (U.S. Bureau of 
Standards Sci. Paper, No. 629, 1926). The 
remainder are from Doming and Shape (Physical 
Rev. 1932, [ii], 40, 848). 

The equation of state put forward by Beattie 
and Bridgeman (J. Amer. Chem. Soc. 1928, 50, 
3133 ; Proc. Amer. Acad. Arts. Sci. 1928, 63, 
229) is applicable over a wide range of tempera- 
ture and pressure. The equation is 

p=[BT(l-e)/V3]x[V+B]-A/Va 
Mol. wt. adopted 2*0154. 

Where A=Aq [1 — (a/V)] 

B-Bo[l-(b/V)] 

€ = C/VT3 
R=008206 
V=litres per g.-mol. 
p= atmospheres 
T="K-®c+ 273-13° 
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/»• 

V. 

d. 

/. 

—p 

v \d/)/T 

« \dT/ p 



t 

= -50^C. 



25 

744-7 

2-707 

26-41 

0-983 

0-9956 

100 

196-3 

10-27 

107-1 

0-927 

0-9696 

1,000 

.34-10 

59-11 

2,252 

0-524 

0-6692 




/=0°C. 



1 


0-08988 




2.5 

910-3 

2-214 

25 38 

0-985 

0 9917 

100 

238-6 

8-447 

106-4 

0-9.36 

0-9617 

1,000 

38-35 

52-50 

1,993 

0-586 

0-6026 



t 

-um*. 



2.5 

1,240 

1-625 

25-31 

0-988 

0-9905 

100 

322-0 

6-259 

105-2 

0-949 

0-9614 

1,000 

46-75 

43-12 

1,696 

0-671 

0-6670 



t 

500"C. 



25 

2,554 

0-7891 

25-16 

0 99.3 

0-9938 

100 1 

661-7 

3-093 

102-7 

0-972 

0-976.3 

1,000 

79 91 

25-22 

1,312 

0-814 

0-7987 

7 > — proMBiire lu atuioapliereH. 

r--voIuiiiu ill cubit; coutliiiotrcH per g.-mol. 

cxpauslcu with pU'Haurc. 


£2°= density in grams per litre, 
/ — fugacity in atmoaplieres. 


T 

V 



= coefficient of expansion with temperature. 


and for A„=0-1975 

a- -0-00506 
Bo=002096 
h-. -0-04359 
c=0-0504 X 10* 

For the compression of mixtures the corn- 
presHibility of each actual mixture is required. 
The compressibility of binary mixtures of hydro- 
gen is treated in general terras by Kleeman (J. 
Franklin Inst. 1930, 209, 229). Mixtures suit- 
able for ammonia synthesis have been examined 
over a very wide range of temperature and 
pressure (Bartlett, J. Amer. Chem. Soc. 1927, 49, 
1955 ; 1928, 50, 1275 ; Doming and Shupe, ibid. 
1930, 52, 1382). 

Specific Heat . Probably the best values for 
the specific heat of hydrogen gas at 16“C are : 


Cp (cal. per g.) . . 3-40 

Op (cal. per g.-mol.) 6-86 

Ct (cal. per g.) 2-41 

Ov (cal. per g.-mol.). 4-87 

V 1-41 


The variation of Cp with temperature is given 
to within 1% of theoretical by the expression : 

Cp (cal. per g. mol.) 

=6-88+0-000066T+0-000000279T2 

(Bryant, Ind. Eng. Chem. 1933, 25, 820). 
Similarly the variation of Cv is given by 

Cv (cal. per g. mol.) 

=4-87+0000539T+0 000000146T2. 

(Kemble and Van Vleck, Physical Rev. 1923, 
fii], 21, 663).' See aJeo Schuster (Wfijme, 1935, 
58, 39) ; Gumz (Feuerungstech. 1935, 28, 85) ; 


Chiinuan and Fontana (J. Amor. f‘liom. Soc. 
1935, 57, 48) ; Spencer and Justice {ibid. 1934, 
56, 2311); for high temporaturos and pressures, 
Gelperin and Rips (Khimstroi, 1934, 6, 456) ; 
for high temperatures, Bruckner (Z. anal. Fliom. 
1935, 100, 281) and David and heah (Phil. Mag. 

1934, (vii), 18, 307) ; for high pressures, Godnev 
and Sverdlm (Khimstroi, 1934. 6 , 8) ; for low 
temperatures and high pressure, Gelperin and 
Rips {ibid. 1934, 6 , 599) ; for quantum theory 
and specific heat, Van Vleck (Physical Rev. 
1926, [iij, 28, 980); for CpfCv ratio. Workman 
{ibid. 1931, [ii], 37, 1345); and for total heat 
content, Lewis and Elbe (J. Amor. Chom. Soc. 

1935, 57, 612), Do Witt (Chem. Met. Eng. 1935, 
42, 333) and Taylor (Ind. Eng. Chem. 1934, 20, 
470). See also Partington and Shilling, “ The 
Specific Heats of Gases,” Benn Ltd., 1924. 

Thermal Conductivity. — The best value of 
fcT at 0'0°C. is claimed to be 414x10“® g.-cal. 
per cm. per 1° per sec. There is, however, a 
certain amount of variation in reported valueB 
at O-O'". 

423- 8x10“® (Weber, Ann. Physik. 1927, |iv], 

82, 479.) 

406-0 ,, (Herous and Laby, Phil. Mag. 

1927, [vii].8, 1061.) 

413-0 ,, (Kammluik and Martin, Proc. 

Roy. Soc. 1934, A, 144, 496.) 
414 0 „ (Ulsamer, Z. Ver. dout. Ing. 1936, 

80, 637.) 

424- 6±2-9 (Nothdurft, Ann. Physik. 1937, 

X10-® [v], 28, 137.) 

Critical surveys are given by Ulsamer and 
also by Trautz and Ziin&l (Z. tech. Phys. 1931, 
12, 273). 
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The tomi)erature coofficient is given by 
where A and n are constants. The 
value at 295-1 °k is 450 0 xlO~® and at 593-4 °k 
is 708 0 X 10”®. 

Mixtures of industrially important gases are 
considered by Tbbs and Hirst (Proc. Roy. Soc. 
1929, A, 128, 134). 

Entropy. — Values in g.-ral. per mol. per 
degree : 



- .^>0 

OX. 

lOOX. 

600X. 

1 atm. 

29-265 

30-648 

32-843 

37-903 

25 

22-84 

24-24 

26-44 

31-50 

100 ,, 

2001 

21-44 

23-66 

28-74 

1,000 „ 

1514 

16-67 

18-97 

2413 


(Doming and Doming, Physical Rev. 1934, [iij, 
45, 109). 

Solubility. — The solubility of Hj in water 
obeys Henry’s law fairly olosely at moderate 
temperatures and prossuros. The values at 
1 atm. pressure in o.c. (0"0., 700 mm.) jicr 
o.c. water are : 

OX’. 10“C 20 C lOOX. 

002148 001955 001819 001608 00160 

(Winkler, R(*r, 1891, 24, 89; Landolt-Bornstein, 
“ Tabellen,” 1923, 1, 763). 

At higher pressures c.c. Hg (0"C., 760 mm.) 
per g. w^ater arc : 


PrPH- 

BUTC 

(atm.) 

OX. 

lOX. 

20X. 

50X. 

lOOX 

25 

100 

1,000 

0-5363 
2-] 30 
18001 

0- 4870 

1- 932 
16-623 

0- 4498 

1- 785 
15592 

0- 4067 

1- 612 
14-404 

04615 

1-805 

15-775 


(Wiebe and Gaddy, J. Amer. Chem. Soe., 1934, 
66, 76). 

For solubility of Hg in liquid ammonia, see 
Wiebe and Tremearne, xhid. 1934, 56, 2357 ; 
for Hg and Nj in water at 25*’, see Wiebe 
and Gaddy, ibid, 1935, 67, 1487; for Hg in 
individual hydrocarbons, see Ipatiev and Levin, 
J. Phys. Chem. U.S.S.R. 1936, 6 , 632 ; for Hg 
in other organic solvents, see Frolich, Tauch, 
Hogan and Peer, Ind. Eng. Chem. 1931, 28, 
<548, and Maxtod and Moon, Trans. Faraday Soc. 
1936, 82, 769. 

Dielectric Constant. — At 0°C./1 atm. the 
dielectric constant is 1 ‘0002697 (Michels, Sanders 
and Schipper, Physica, 1935, 2, 753). 

Spectrum. — The spectrum of hydrogen ex- 
hibits four prominent lines : Ha 6662a (red), 
Hj8 4861a (i^enish-blue), Hy 4340a (blue) and 
HS 4102a (indigo). The hydrogen spectrum is 
one of the most complicated of all, and for 
further details and discussion, see Richardson, 
" Molecular Hydrogen and Its Spectrum,*’ 
Yale University Press, 1934; Somroerfeld, 
“ Atomic Structure and Spectral Lines,” 
Dutton & Co. 1935 ; Kronig, ” Band Spectra 
and Molecular Structure,” Macmillan Co., 1930; 
Jevons, ” Band Spectra of Diatomic Mole- 


cules,” Cambridge University Press, 1932 ; 
White, ” Introduction to Atomic Spectra,” New 
York, 1934; Condon and Shortley, ” Theory of 
Atomic Spectra,” Cambridge University Press, 
1935 ; Tolansky, “Fine Structure in Line Spectra 
and Nuclear Spin,” Methuen, 1935 ; Herzberg, 
“ Atomic Spectra and Atomic Structure,” trans- 
lated by Spinks, New York, 1935; “Molekiil- 
Bpectren und Molckulstnictur,” Bd. I, Dresden, 
1939. 

Adsorption. — ^The development, particularly 
over the last two decades, of many catalytic 
processes in which hydrogen is employed, has 
given considerable impetus to the study of 
catalysis and has led, in its turn, to the close 
study of the adsorption of hydrogen and other 
gases on the various substances used as catalysts. 
The substances which have received most atten- 
tion are metals such as copper and nickel, metal 
oxides such as those of zinc, chromium, man- 
ganese, together with such well-known general 
adsorbents as charcoal and sihea gel. Develop- 
ments in this field are summarised in Faraday 
Society Discussion, Trans. Faraday Soc. 1919, 
14, 173; 1932, 28, 129, by Wansbrough -Jones 
(Science Progress, 1932, 26, 398) and Gregg 
(“ Adsorption of Gases by Solids,” Methuen & 
Go., 1934). 

The existence of at least two quite different 
types of adsorption has been shown by various 
investigators. Renton and White (J. Amor, 
rheni. Soc. 1930, 52, 2325), in a study of the 
adsorption of hydrogen on copper and nickel, 
found that adsorption at low temperatures 
(below -’190'U.) is small but rapid, involving a 
small heat of adsoi ption ; above — 190"C., witli a 
maximum at — lOO^'C., the amounts adsorbed arc 
greater, with a high heat of adsorption. 

Similar results were obtained by Gamer and 
Kingman (Nature, 1 930, 126, 352) for hydrogen 
and carbon monoxide on zinc-chromium oxides ; 
by Taylor and Williamson (.1. Ainer. Chem. Soc, 
1931, 53, 2168) for hydrogen on manganese 
oxides and manganese-chromium oxides ; and 
by Taylor and Sickiuan {ibid. 1932, 64, 602) of 
hydrogen on zinc oxide. 

The concept of activated adsorption was in- 
troduced by Taylor {ibid, 1930, 52, 6298 ; 1931, 
58, 578) to differentiate the high temperature, 
high-energy type of adsorjition from the 
“ molecular ” or “ Van der Waals ” type which 
occurs at lower temperatures and with small 
energy changes. Various other names have 
been suggested — “ chemical,” “ primary,” or 
“ activated ” adsorption as against “ physical,” 
“ secondary,” or “ molecular ” adsorption — but 
in general the conception is the same. 

“ Activated ” adsorption proceeds with a 
measurable velocity, as if a considerable energy 
of activation is required. As shown hy Benton 
and White, for hydrogen on copper and nickel it 
begins around liquid-air temperatures ; with zinc 
oxide, manganous oxide or their mixtures with 
chromium oxide, it becomes measurable between 
0° and 100°, whilst with alumina and glass it does 
not appear until 400°. With charcoal, tempera- 
tures of 400-630° arc required (Kingman, Trans. 
Faraday Soc. 1932, 28, 269). In all cases, the 
heat of adsorption lies within the limits 10-30 
kg. -cal. per g.-moL Hg adsorbed. 
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“ Molecular ” adsoiytion on metal or oxide 
surfaces shows heats oi adsorption of low’er order, 
1-2 kg.-cal. per g.-mol. These are in close agree- 
ment with the values obtained for adsorbents 
such as charcoal, silica, etc. 

“ Activated *' and “ molecular ” adsorption 
overlap to a considerable extent, particularly at 
medium temperatures, adsorption isotherms 
being normaUy compounded of two super- 
imposed isotherms corresponding to the two 
diiferent types of adsorption. 

A close correlation is found between adsorption 
of hydrogen on catalysts such as those cited 
above and the activities of those catalysts 
in hydrogenation reactions. Mixed zinc- 
chromium oxides, for example, adsorb con- 
siderably greater quantities of hydrogen than 
either oxide alone, while the mixed oxides arc 
well known as more active catalysts than the 
separate components for the synthesis of 
methanol (v. Vol. II, 350o, 425c). 

hrom experiments over a wide range of tem- 
perature Benton (ibid. 19.32, 28, 202) considers 
that three diflPenuit processes occur, physical 
adsorption, activated adsorption and ])robabIy 
solubility. Ward (ifjttl. 1932, 28, 399) is of the 
opinion that solution alone is sufficient to 
account for all the obsei ved facts. 

Palladium “ occludes hydrogen so much 
more strongly than any other metal that earlier 
researches on the phenomenon were devoted 
almost entirely to palladium and in particular 
to the precise nature of the substance or sub- 
stanccLS formed aftcjr occlusion is complete. 
Though there is still some uncertainty, consider- 
able evidence has been accumulated indicating 
that the adsorbed hydrogen is in the atomic 
form. The equation of Sio verts, according to 
which adsorption at low pressures is praoticaUy 
proportional to the square root of the pressure, 
is usually explained by the assumption that 
hydrogen is in the atomic form. Some objec- 
tions havuj been raised to this interpretation 
(cf. Ward, Proc. Hoy. Soc. 1931, A, 133, 531 ; 
Tammanii, Z. aiiorg. Chem. 1930, 188, 390). 
But the strong effect of occlusion of hydrogen 
on the electronic properties of palladium, such 
as electrical resistance, magnetic susceptibility, 
colour, photo-electric sensitivity and the thermo- 
c.m.f. against alloys of palladium with silver 
and gold, aU tend to the conclusion that the 
adsorbed hydrogen is atomic (cf. Coehn and 
Specht, Z. Physik. 1930, 82, 1). 

The fact that, while palladium adsorbs hydro- 
gen with case during electrolysis, adsorption in 
the gas phase depends very considerably on the 
previous history of the metal, is now explained 
by the assumption that hydrogen can only enter 
the metal lattice as atoms. In electrolysis 
hydrogen atoms are produced directly ; in 
adsorption from the gas phase the molecules 
must first dissociate on the adsorbing surface, 
and according as the surface is more or less 
poisoned, so will its catalytic activity in the 
reaction Hg 2H he less or greater. Evidence 
has been brought forward by Smith and Dergo 
(Trans. Electrochem. Soc. 1934, 66, 25) that 
occlusion occurs in the intergranular fissures, 
rather than on the grain faces. 

The heat of occlusion is about 0 kg.-cal. per 


g.-mol. Hg (Gillespie and Hall, J. Amer. Chem. 
Soc. 1926, 48, 1207). 

Liquid Hydrogen.— The boiling-point of 
hydrogen is 20-37°K. (t.c. -262-8rC.) at 1 atm. 
(Blue and Hicks, J. Amor. Chem. Soc. 1937, 59, 
1902). The molecular heat of vaporisation 
-219-7 - 0 27(T-16-6)a g.-cal. per g.-mol. 
(Simon and Lange, Z. Physik. 1923, 15, 312). 
The vapour pressure of liquid hydrogen is given 

lopPflg (nim.) = -37-7882(iyT)-|-l-76 log T 

+ 0 0023127T4 2 39078 

(Henning, ifnd. 1927, 40, 775; Henning and 
Otto. Phvsjkal. Z. 193(i. 37, 033). The molar 
heat capacity of bquid hydrogen is 0-33 + 0 200T 
(Simon and I^angc, /.r.). 

The dcriHity ol the iKpiid 

-0 084404^223 x 10 -«Tk“2J-83 x 10 "T\. 

(Jnt. Crit. Tables), t.e. 0-07085 at the boiling- 
point, and 0-07709 at the triple point. 

Liquefaction of hydrogen is worked on the 
Liiidc princi])Ie (see bel()u>), and liquid hydrogen 
has been increasingly used rorently in research 
work. Simple forms of apparatus for its 
pr(‘paration arc dcscnlx^d by Buhemaiin (Z. 
Physik, 1930, 66, 07), Keyes, (Jerry and Hicks 
(J. Amcr. (-hem. Soc. 1937, 59, 142(i) and Ahl- 
berg, Estermann and Imndbiug (llc\ . Sci. Instr. 
1937. 8. 422). 

Solid Hydrogen. - The melting-point of 
hydrogen is 1413 °k. (Henning, Z. Physik, 1927, 
40. 775). The triple point is 13'94 ”k. (Blue and 
Hieks, J. Amer. Chem. Soc. 1937, 69, 1902). 
The critical data are : temperature 33-25 ”k., 
pressure 12-80 atm., density 0-3102 g. per c.c. 
(Woolscy, 1937, 59, 1577). 

Solid hydrogen has a density of 0-0890 
+ 0-0004 at 4-2 '^k. (Megaw and Simon, Nature, 
i930, 138, 242 ; Megaw, Phil. Mag. 1939, [vii], 28, 
129); 0-08077 at I 1-2 ^k. and 0 0763 at 13-3' K. 
(Int. (Jrit. Tables). 

Solid hydrogen is formed by pumping off 
liquid hydrogen. 

(Chemical Reactions. 

The heats of reaction given refer to kilogram 
cal. (16"C.) per g. mol. at 0°C., 1 atm. pressure ; a 
positive sign is given to values of a// and aF 
to represent endothermic, reactions and a 
negative sign to represent exothermic reactions. 

Dissociation. — At high temperatures Hg dis- 
sociates into atoms : 

1.705 logioT-9-85xlO-‘T 

—0-266, e.g. : 

The degree of dissociation at 1 atm. is : 

2-56 X 10”®* at 300 ”k. 
l-22xl0”®at 2,000 '’k. 

0-0469 at 5,000 °k. 

0-9990 at 10,000°K. 

(Langmuir, J. Amer. Chem. Roc. 1912, 34, 1310 ; 
1914, 36, 1708 ; 1915, 87, 417 ; 1916, 88, 1145 ; 
Ind. Eng. Chem. 1927, 19, 667). 

The heat of dissociation is 102-72 according to 
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Beutler (Z. physikal. Chem. 1935, B, 29, 315), 
and 103’(I80 according to Poole (Proc. Roy. Soc. 
1937, .A, 163, 404). The reaetion is endothermic. 

The following free energy (iquation was pro- 
visionally put forw^ard by Lewis and Randall, 
“ Thermodynamics and the Free Energy of 
Chemical Substances,” Mc(j}raw Hill Book Co., 
1923, p. 471. 

aF- 81,(H)0-3-6T log T-^ 0 ()0046T2+M7T. 

A more recent expression is given by E. N. 
Erjemin (Acta Physicochiin. U.K.S.S. 1936, 3, 
147), 

aF- 102,00() 7 185T log T+() 000033T2 

+00000000465T3 -2-332T 

Halogens. — The affinity of hydrogen for the 
halogens decreases on passing from F to I, as 
indicated by the following data. 

Heals of Formal io7i : 

HF(g.) A//---— 64-46 Von Wartenburg and 

Schtitza (Z. anorg. 

Chem. 1032, 206 , 65). 
HCI(g.) A//-. — 22-() International Critical 

Tables. 

HBr(g.) A// -~H6 Ditto. 

Hl(g.) aH^ -+60 Ditto. 

Equilibrium Constants. — 2HX Hg-f Xg. 

X-=CI, log A'^ = (- 9r)86/T) I 0-440 log T-216 
(Wohl and Kadow, Z. physiUal. (^licin. 192.5, 
118 , 460). 

X= Br, log Kv (-r)223/T)+0 563 log T -2-72 
(Nornst, Z. Elektrochem. 1909, 16, 691). 

X--1, log A'p-(-540-4/T)-t 0-603 log T~2-35 
(Von Falckenstein, Z. ph3^aikal. CJiein. 1910, 68, 
270; 72 . 113). 

The heats of activation of the reactions 
X-f Hjj and H-f-Xg are as follows : 


Cl+Hg ^HCI f H 

. . . 6-0 

Br+Hg -vHBr+H . . . . 

. . 17-7 

14 + H . . 

330 

H4Cl2~>HCl4-CI . . 

3-0 

H4" Brg HBr4- Br . 

1-0 

H4 la^HI 4 1 . . . 

0 


(Morris and Pease, J. Chem. Physics, 1935, 3, 
796), and for the reactions Xgd- Hj : 

Brg+Hg .... 40 

(Semenoff, “ Chemical Kinetics and C’hain 
Reactions,” Clarendon Press, Oxford, 1935. 
p. 140), 

la+Hg 40 

(Hinshelwood, “ Kinetics of Chemical Change 
in Gaseous Systems,” Clarendon Press, Oxford 
1933, p. 79). 

Hydrogen and fluorine combine explosively 
under all conditions, oven in the dark at ~252°C. 
Hydrogen and chlorine readily combine (ex 
plosively under some conditions), either light oi 
heat inducing the reaction. Both the thermal 
and photochemical reactions are also known foi 
hydrogen and bromine (explosive under some 
conditions). In the reaction between hydrogen 
and iodine, only the thermal reaction has been 
observed. 

The reaction between hydrogen and chlorin 
has received exhaustive study, and has playec 


very important role in the development of the 
,heory of chain reactions. According to Nemst 
.he reaction proceeds through the absorption of 
quantum of light by the Cl, molecule : 

Clj+h,; -> Cl+Cl 
CI+Ha-> HCH-H 
HfCla-j- HCI+CI 
Cl+Hg HCIf H 

etc. 

'he reaction is provoked by light or heat ; 
hero may be a long induction period, due to the 
ormation of NCIg (from nitrogenous im- 
nrities) and persisting until this inhibitor dis- 
appears; the quantum yield is very high (up 
.0 10® molecules HCI per quantum of light); 
.races of moisture are claimed to be essential. 
Tlio relationships of rate with light intensity. 
Cl 2, Hj and Og pressures arc given by the 
“ormula : 

d[HCI] 21*3l[Cl2][H2] 

■ dt [Os](<-,[H2l+yCI,l) 

I intensity of the light. 

See Semenofi' {op. rit.) and Hinshelwood {op. 
it.). Hg+Fg, Eyring and Kassei (J. Amer. 
Ihem. Soc, 1933, 56, 2976); Bodenstoin and 
Jockusch (Silziingber. Preuss, Akad. Wiss. 
Berlin, Phys. Math. Klasso, 1934, 27 ; Amer. 
Chem. Abstr. 1934, 28 , 2978). Hg+Clg, 

Semenov (J. Phys, C3iem. IJ.S.S.R., 1933, 4 , 4); 
lotsky and Giinthcr (Z. physikal. Chem. 1934, 
B, 26 , 373) ; Criffiths and Norrish (Proc. Roy. 
Soc. 1934, A, 147 , 140). Hg-fBfg and 
Hg-f lj, Bodenstein (Hclv. Chim. Acta, 1936, 
18 , 743). 

Oxygen. — The heat of formation of water 
measured at 26° and at a constant pressure of 
1 atm. is : 

H2(K.)+i02(g.)^HgO (1.), 

aH ^-68-313 kg. -cal. (15°) per g.-mol. 

(Rossini, Bur. Stand. J. Res. 1931, 6, 1 ; Proc. 
Nat. Acad. Sci. 1930, 16 , 694). 

Taking HgO (l.f^HgO (g.), 

A//=—f 9-721 kg. -cal. (16°) per g.-mol. (Intern. 
Crit. Tables); Hg (g.)+iOg (g.) = H20 (g.), 
aH=— 57-692 kg. -cal. (15°) per g.-mol. 

The equilibrium for 2H2O ^ 2H2-I-O2. is 
given by 

log A:c=(-24900/T)+ 1-335 log T-9-65 x 10-®T 
-f 1-37X 10-’T*-6-66 X IO-11T8-I O8 

(Siegel, Z. physikal. Chem. 1014, 87 , 659). 
Equilibrium constants for the reactions : 

H2=2H; Oa=20; H20 = H2+*02; 

HgO^Hg+O; H20=iH2+0H; 

H20 = H+0H 

are given by Zeise (Z. Elektrochem. 1937, 48, 
704). 

According to Haber’s view the reaction 
proceeds : 

Ha+02->20H . . 1. 

OH-f Ha-^HjO+H . 2. 
H+Oj+Hg-^HaO+OH 3. 
etc. 
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Hinfllielwood proposed the initial formation of 
HjOj. Owing to the equilibrium H 202^20 H, 
the views may not be irreconcilable. 

At temperatures below about 5.'iO'’C. the rate of 
reaction is moderately slow and bears no unusual 
relationship to pressure. Above this tempera- 
ture, how'ever, the rate of rombiimtion of a given 
mixture of Hg and O2 increases gradually with 
pressure exhibiting a regular curve, iinlil a 1 
pressure is reached at which the reaction pro- I 
ceeds explosively. The explosive reaction occurs ' 
over a certain range of pressure, above which the 
slow reaction reappears and ]jroceeds, with in- 
crease in pressure, at rates which are a continua- 
tion of the interrupted curve, b^inally the rate 
reaches a value comparable with the rate of the 
evplosive reaction. 

The explosion is due to the fact that, whereas 
normally the reaction proc(*eds according (o 
the chain, branching occurs in the explosive 
reaction, in particular : 

H-pOg-^OH + O 4. 

0+H2->0H+H 

Thus both products of the first branching (4) 
are capable of giving rise to fresh chains. 

The probability of the branching reaction 
occurring is given by 


The limits of inflammability of Hg are given 
in the LJ.S. Dept. Jiit. Bulletin 279 ; 

Low'cr. Upper. 

HginOg . . 4% M% 

Hginair. . . 4% 74% 

Bibliography. — Hinslielwood, “ Kinetics of 
(liemical CMiange,” Oxford, Clarendon Press, 
1940; Hinshelw'ood and Williamson, “The 
Reaction between Hydrogen and Oxygen,” 
Clarendon Press, Oxford, 1934; Semenoff, 

‘ (’hcmical Kim^tiis and (’hain Reactions,” 
Oxford (3arendon Press, 193r). 

Sulphur, Selenium, Tellurium. — Combina- 
tion with Hg takes phic'c less readily on passing 
from S to Te. The heats of ri'iiction (Inter- 
national Critical Tables) arc : 

Hg-f S ^ HgS (g ) ; A//- -- 5-3 (exothermic) 

H.2+Se H2Se(g.) ; a// -i 16 8 (endother- 
mic) 

Hg-l- Te -y H.2T e(g.) ; A/i---| 34 5 (endother- 
mic) 

The equili brill ni for the reaction 
is : 

. . . 750 830 945 1,0G5 1,132 

K|,xlO* . 0 89 3 8 24 5 118 200 


^ 2-5x10VIVHT 

* m 

where U is the energy of activation of reaction 
(4) and is equal to about 27-8 (iSemeiioff, Lc. See 
also Kontorova and Nalbandyaii, Physikal Z. 
Sovietuniori, 1933, 4, 758). 

The lower pressure limit of explosion is deter- 
mined by the dc-activation of the chains at the 
surface of the vessel ; the upper limit by the 
dc-activation in the gas phase {v. Explosions, 
Gaseous). 

At 550^C. the lower explosive limit is a few 
inm. pressure, wdiilst the u})p<*r limit is about 
100 mm. 

These huiits vary according to many factors. 
The lower limit, immediately above the mini- 
mum temiierature, is decreased by rise in 
temperature, but subseiiuently remains indepen- 
dent of temperature. The uiiper limit is in- 
creased regularly by increase in temperature. 

Ratios of Hg/Og far removed from 2:1 narrow 
the explosive ranges. The optimum ratio 
reipiires the oxygon to be in slight excess 
(Mitscherlich, Z. anorg. ('hem. 1910, 98, 14,6). 

Inert gases tend to buffer the chains in their 
approach to the walls whore they would be 
de-activated. They thus lower the lower limit 
and also somewhat lower the upper limit. 

A decrease in the size of vessel raises the lower 
limit but is without effect on the upper limit. 

The halogens lower both limits and if present 
in sufficient quantity prevent the explosion alto- 
gether (Hinshelw'ood and Garstang, Z. physikal. 
Chem., Bodonstein Festband, 1931, 056). Tri- 
chloroethylene, tin tetramethyl, dimethyl sele- 
nide and telluride and ethyl bromide can also be 
used to suppress the reaction (Tanaka and Nagai. 
Proc. Imp. Acad. Tokyo, 1929, 6, 80, 418, 422, 
etc.). 


(Preuner and tSchupp, Z. jihysikal. riicra. 1909, 
'*3, 167). 

The iicat of acli\atum is about 43 kg. -cal. 

The kinetics of the reac tion have beiui studied 
by Cook and Robinson (.).('.S. 193f), 454). See, 
also Jones and Sherman (J. ('hern. Physics, 
1937, 5, 375). 

Nitrogen. — The direct reaction between Hg 
and Ng is of immense industrial imiiortance 
(w. Ammonia, Vol. I. pp. 332-338). 

For the reaction 2NH3^3H2-1-N2, 

log A',,-(2098-2/T)-2-509 log T-l ()06 x 10 

f 1-859x10 ’TH210 

(Haber, Z. Elektroclicm. 1914, 20, 603). For 
high pressures the values dcterniincd by Larson 
(J. Amer. Cliein. 1924,46,367) are more accurate. 

The heat of the rtiaction is given by the 
equation : 

iN,(g.)+»/,Hj(g.)=NH,(g.)+l«'95 kg.-cal. 

(Haber, Taraaru and Gcliolin, Z. Elektrochem. 
1916, 21, 206) ; for the heat of reaction at higher 
tem])erat urcs, see, Haber and Tainaru {ibid. p. 1 9 1 ).* 

The heat of activation of the homogeneous 
reaction is extremely high and only the hetero- 
geneous reaction is important for the formation 
of NH3, in which case the heat of activation 
depends upon the particular catalyst. 

The best catalysts are reduced Fe promoted 
by oxides such as AlgOg, in addition to KgO 
(Larson, Ind. Eng. Chem. 1924, 10, 1002). 
S and O compounds poison the catalyst. 

The reaction probably proceeds through the 
following mechanism : (i) Ng is adsorbed on the 
catalyst and is activated or oven dissociated, 
(ii) H 2 is similarly adsorbed and forms N H with 
the N, (iii) NH is reduced by molecular Hg to 
NHg (Frankenburger, Z. Elektrochem. 1933, 
89 , 45, 97, 269). 
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Since the mechanism is incomplotely imder- 
atoody no kinetic expression is entirely satis- 
factory but the arbitrary formula of Benton 
(Ind. Eng. Chora. 1927, 19, 494) agrees with the 
experimental data over a wide range, 

X 3W,S 

t ' Wa/JsHj 

X - volume fraction of NHg formed. 

I =timo of passage over catalyst. 

B —total pressure. 

/'j = velocity constaijt of synthesis reaction. 

S —constant depending on catalyst, 

a = constant depending on temperature. 

PifJi3 —partial pressure of NHg. 

Phosphorus, etc. — Nascent hydrogen reacts 
with the elements to give PH 3, ASH3, SbH3 
and as well as lower hydrides. The heat 

of formation (Ephraim, “ Inorganic Chemistry,” 
Gurney and Jackson, 1939), 

PH 3, ^7/ = — 11-6 (exothermic) 

AsHg, a// = 4-36-7 (endothermic) 

SbHg, A/7=~f-81-8 (endothermic) 

indicate the usual dciTease in afHuity on passing 
down the group. 

Carbon. — Pure carbon does not react readily 
with H3, but at high temperatures, especially if 
catalysed by Co or Ni, reaction occurs to an 
appreciable extent 

C(amorph)-f2H2 -^CH^i 21-7 kg. -cal. 

(see Riley, Phil. Mag. 1924, [vi], 48, 12(>). 

The equilibrium constant A"— [CH^]/! Hgl* 
may be calculated from the data of Prmg and 
Eairhe (J.C.S. 1912, 101, 91). 

T (° absolute) : 

823 1,473 1,548 1,573 1,648 

A^: 

0-64 0 00244 0 00147 0 00146 0 00100 

Tins equilibrium is discussed fully by Gordon 
and Barnes (J. Physical. Chum. 1932, 36, 2601). 
Carbon Dioxide. — 

(а) COj+Hj-vCO+HgO 

Aii ==< 4- lOT (endothermic). 

Ap : log Ap=(-2160/T)-*1'8 x 10-’T2+2-2 
(Neumann and Kohler, Z. Elektrocheni 
1928, 84 <, 218 ; also Scheibel, Monatsh 
1031, 58, 183 ; Kassel, J. Amer. Chem 
■ Soc. 1934, 56 , 1838; see also Gas, 

Water). 

(б) COj+H. -> HCOOH {see Bredig, Carter 

and Enderli, Monatsh. 1929, 53 / 54 , 
1023). 

Carbon Monoxide. — Carbon monoxide and 
hydrogen react under vaiying conditions of con- 
centration, pressure, temperature, catalyst and 
purity to give a great variety of products, many 
of which are of the greatest importance. The 
following are known reactions, though not neces- 
sarily representing the reaction mechanism ; 

(a) C0+H2-^C+H30(g.). 

A// ; — 31-4 (exothermic). The reverse of 
this reaction is, of course, the basis of 
water-gas production (v. Gas, Water). 


ih) 2C0-l-2H2->CH4-f-C02. 

A/i: —61-8 (exothermic). 

A A : -56,960+ 16*076Tl/iT-00l078T2 

+ 0 00000031T3-30-34T (D. E. Smith. 
Ind. Eng. Chem. 1927, 19, 801). 

Kp: 1/log Kp--(-57,903/4-573T)+13-875 
(hTscher and Piclder, Brennstoff-Chem., 
1931, 12, 365; Schmidt and Neumann, 
Z. Elektrochem. 1932, 38, 926 ; Ghosh, 
Chakravarty and Bakshi ; Z. anorg. 
Chem. 1934, 217, 277). 

(r) CO+Hg-^HCHO. 

a// : —2 0 (exothermic). 

Kp : log Xj,-(l,710/4-673T)-5'431 (New- 
ton and Dodge, J. Amer. Chem. Soc. 
1933, 55, 4747). 

id) C0+2H2-^CH3 0H(g.). 

All: —33-0 (exothermic). 

AF : -20,857+ 17-88TZaT-0 01423T= 

— 64-04T (Smith, l.c.). 

Kp : log K p -- ( 1 7,030/4-573T) -9-1293 log T 
+ 0-()0308 Th 13-412 (Newton and Dodge, 
J. Amer, Chem. Soc. 1934, 56, 1287 ; 
EracaHso, BTnd. chiraica, 1934, 9, 293). 
(.•) 2CO+4H, -^Cj,H5-OH(g.)+H,0(g.). 

aJI ; -70*8 (exothermic). 
aF : - 56,190 H 24-72TVaT + 0 0145T2 

-0-00000037X3 -60-74T (Smith, lx.). 

(/) ;iCO+2aH2-CnH2n,i OH j {n~ 1)H20. 
(y) COl 3H2->CH,+ H20(g.). 

Afl : -f 51 -6 (endothermic). 
aF: - 46,850+ 13-205TlaT-()00033T2 

-0 0(K)00037T3-31-60T (Smith, l.c.). 
Kpz^'K 673 703 723 744 763 

l/-logA>3 74 3-02 2-56 2-12 1-72 

(Ghosh, C^iakravarty and Bakshi, Z. 
anorg. Chem. 1934, 217, 277 ; see also 
Kubelka and Wenzel, Metallborse, 1931, 
21, 1227, 1275, 1372. 1421). 

(/O 2C0+6H,->C2H«+2H,0(g.). 

AIJ —88'] (exothermic). 

aF : - 81,222+ 14-46TZnT+0 01855T2 

-0-00001 207T3+0-70T (Smith, l.c.). 

(t) 7JrCO+(2a+l)Hg -> CnH2ni 

The equilibrium relationships given have been 
determined experimentally and these are more 
accurate than those calculated from the free 
energy relationship quoted. 

Since nearly all these reactions are exothermic 
the product depends not so much on the tempera- 
ture as on the x»reBsure and particularly on the 
catalyst. In general, hydrocarbons are formed 
over VIII group metal catalysts. The products 
range from methane to liquid hydrocarbons as 
in the Eischer process (Fischer, Brennstoff-Chem. 
1935, 16, 1 ; Underwood, Ind. Eng. Chem. 1940, 
32, 449), or to solid waxes of high molecular 
weight (Pichler, Brennstoff-Chem. 1938, 19, 226). 
In most instances the reactions are conducted 
at atmospheric pressure. For a discussion of the 
mechanism, see Herington and Woodward (Trans. 
Faraday Soc. 1939, 85 , 968) ; Craxford {ibid. 
1939, 36, 946). 

On the other hand, methanol is usually formed 
over catalysts such as Zn, Cr, almost invariably 
at high pressures (Smith and Hirst, Ind. Eng. 
Chem. 1930, 22, 1037; Z. angew. Chem. 1927, 
40, 166; Pier, Oel u. Kohle, 1933, 1, 47). By 
modification of the catalyst, for instance by the 
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addition of I, VII or VIII group metals, higher 
primaiy alcohols are also prefaced (Graves, Ind. 
Eng. Chom. 1931, 23 , 1381). Eor the meohanism 
of those reactions, see Frolich and Cryder (ibid. 
1930, 22 , 1051), Morgan, Taylor and Hcdley 
(J.S.C.l. 1928, 47 , 117T). 

Hydrocarbons. — Reactions of this type in- 
cluding both the forward and the reverse re- 
actions are very numerous and veiy important. 
The following simple types serve merely as 
examples. 

(a) Hj ->■ CjHj. 

a7/ : —21-4 (exothermic). 

Kp : 1/log A’ .---27,798/4 r>73T-f 2 01 logT 
— 0-471 (F<>ey and Huppke, liid. Eng. 
C^cm. 1933, 25 , 64). 

(b) C3Hg+ H2->C3Hg. 

aJJ : =—21-7 (exothermic). 

y^p: 1/log A^r.v~25,920/4-673T-f201 log 
T+ 0-047 (Frey and Huppke, Lc.). 

(c) C0Hg-f-3H2 -> CgHjg. 

Ali : =—21-6 (exothermic). 

Kp : log A^,=43,8ri0/4-573T-9-9194 log T 
+2-286 X 10~*T-|- 8-565 (Hharkowa and 
Frost, Chem. Zentr. 1933, 1, 72G). 

Metals of ilie VIII group are frequently, 
though by no means exclusively, used as 
catalysts. See Egloff, “ Reactions of Pure 
Hydrocarbons,” Khcinhold Pub. C'orp., 1937, 
and Hurd, “ The Pyrolysis of Carbon Coni- 
pounds,” Chom. Cat. Co., 1929 (see also this Vol. 
Hydrogenation of Coal). 

Silicon, Boron. — Direct combination, 

Si+2Hj-^SiH0, 

oocurs at very high temperatures, though the 
usual method of formation of silanes is by the 
acid decomiiosition of magnesium silicide. The 
silanes comprise a scries SiH^ to SigHj^. 

Boron and hydrogen do not react, even at high 
tcmjicratures. The boron hydrides are formed 
by the action of acid on magnesium boride (v. 
Boron, Vol. II, 40d). 

Alkali Metals, etc. — The alkali metals, the 
alkaline earth metals (excluding Be and Mg), 
and many of the rare earth metals react directly 
with hydrogen, particularly with atomic hydro- 


gen, to give solid salt-like hydrides, in which the 
hydrogen is the anion. 

Meta I- Hydrogen Alloys. — The direct re- 
action of the above typo graduaUy merges into 
another type in which the hydrogen is held in 
an atomic- state, as an alloy rather than as a 
coiupimnd. “ Copper hydride,” for instance, is 
mtermediate between the two types, and there 
has been much discussion as to whether or not 
it i.s a true hydride. Most metals take iq) some 
hydrogen, but particularly the rare earths (some 
of which maybe regarded as forming salts), Th, 
U, V, Nb, Ta, Cr, Mn, Fe, Co, Ni, Pt, Cu, 
and especially Pd. The alloj's are metallic in 
nature ; the solubility of Hj is increased by 
p^^^8sure, but the effect of temperature depends 
on the metal, l^or further details, see papers by 
Sieverts, e.g. Stahl u. Eiscii, 1914, 34, 252; Z. 
physikal. Chem. 1907, 60, 139, 161, 109, 184; 
Z. angew. Chem. 1929, 21, 37 ; Z. physikal. 
Chem. 193.5, 174, 350; 1937, 180, 249; B, 
38, 46. 

The hydrides of the (-li'mciits are classified by 
Paneth (Ber 1920, 53 [ llj, 1710) into (a) those 
in groups I - 4 positions before an inert gas in the 
periodic system and also boron, which form 
gaseous hydridi-s. Here the H is normally 
linked covalently but, in some instances, e.g. 
HCI in solution, it is ionised as a cation, and in 
the boron hydrides some of the hydrogen atoms 
are linked by a single! bond, (b) (compounds 
whn-h are like alloys, e.g. hydrogen — palladium, 
(c) Field valency compounds, comprising the 
compounds with Fe and Ni which are usually 
classed under (b). (d) Salt hydrides, e.g. KH 
wdicie the H is negatively KUiiseil. 

Metallic Oxides. — Metalln- oxides tend to 
ho reduced by H, to tlu^ metal. The process 
orcurs readily with oxides of inotals low in the 
electrometric series, where the heat of reduction 
is considerable and where the neeesB.ary tempera- 
ture is low. On ascending the series, however, 
the reaction becomes more and more strongly 
endothermic and the requisite temperature 
increasingly higher. 

In the following list, T (the minimum tempera- 
ture for reduction) refers to reduction to the 
metal. Reduction of highly oxidised to less 


Metal. 

T. 

All. 

Sr 

Electric spark. 

+ 83-2 (SrO) 

(endothermic) 

Th 

1,100°C. 15 atm. 

+ 107-7 (ThO,) 

77 

A1 

2,800° 

+73-9 (AIjO,) 

77 

Mn 

1,300'^ 

+ 33-0 (MnO) 

ft 

Zn 

464'’ 

+ 26-6 (ZnO) 

ft 

Cr 

1,000° 

+ 31-2 (Cr,0,) 

ft 

W 

1,100° 

-1 5-9 (W6a) 

*» 

Fe 

306° 

+6-2 (FeO) 

tt 

Cd 

300° 

+ 7-6 (CdO) 

77 

(exothermic) 

Co 

228° 

-0-2 (CoO) 

Ni 

270° 

(Ni.O) 

— 

Pb 

235° 

-6-3 (PbO) 

(exothermic) 

Bi 

300°-310° 

(BIO) 

II 

Cu 

166° 

-22-9 (CuO) 

II 

Ag 

100° 

-50-8 (Ag,0) 

II 

Hg 

80° 

-36-3 (Hg,0) 

f 1 

Pd I 

Without heating. 

-36-3 (PdO) 

If 
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oxiclincd oxides oecurs at lower temperatures. 
These flata are eullected from Oinelin, “ Haiid- 
huch der ariorganisbeu Cliemie,” Aufl. H, System 
No. 2. The heats of rediictjon {aU) are calculated 
from International Critical Tables \\ and refer to 
reduction at IH', 1 atm., i>cr mol. of H^O formed. 

For further data, -srp references given above for 
“ Reduction of Water.” 

Active Hydrooen. 

Many im thods have been given in the litera- 
ture. for preparing active modifications of 
hydrog('i), .since the original experiments of 
\Vcndl and Landtiuer (J. Arner. Chem. Hoc. 1920, 
42, 9.'U)). In these <“K])erimentH bombardment 
with X-rays, high potential electrical discharge, 
the corona dischargii and the ordinary ozoniser 
were used, all with positive results. 

Other authors have found the following 
im'thods elfectiv<‘ : desorption from platinum or 
pallarliurn, or ditfusion through a closed pal- 
ladium tube lieatcrl at temiicraiurcs ii]) to ; 

the action of water and heat on metallic liydrides, 
of acids on metallic magnesium under certain 
(“onditions ; continuous combustion of oxygen 
and hydrogen on jdatinum ; electrolysis ; elec- 
tronic bombardment in a thermionic tube , 
activation by excited mercury atoms (Venka- 
turamaiali and co-w'orkers, (Uicin. New's, 1922, 
124, ,‘12U ; J. AnuT. Chem. Soc. 1923, 45, 2(»I ; 
Nature, 1923, 112, 57; Anderson, il.C.8. 1922, 
121, 1153; Grubb, Nature, 1923, 111, C71 ; 
iStead and Trevelyan, IJrit. Assoc. Rep. 1923, 
425; Taylor and Marshall, J. Physical Chem. 
1925, 29, 1149; Rorihocflcr and co-w'orkers, 
Z. phyaikal. C3iem. 1924, 113, 199; 1924, 113, 
422; Z. Flektiochcra. 1925, 31, 521). 

Of the methods dcscj ihed, some are not above 
suspicion. According to Seaiiavy-Origoriewa 
(Z. anorg. Chem. 1920, 159, 55) positive results 
with glowing platinum cupillaru's are probably 
due to adsorption of HgS from the air (c/. also 
Panetb and eo-workers, Z. Elektroehem. 1927, 
33, 102; Copaux, Chim. et. Ind. 1930, 23, 207). 

In general, the active hydrogen produced by 
these various methods reduces S, Se, Te, P 
and Sb to their hydrides. Most of these re- 
actions have been studied in .some detail by 
Ragdasaryam (.1. Phys. Chem. C.S.S.K. 1937, 
10, 389, 401). Many metallic oxides, e.g. those 
of W and Cu, are reduced to the metal (Bag- 
dasaryaiii, ihui, 1935, 16, 1033). Active hydro- 
gen also reduces ethylene, carbon monoxide and 
oxygen (forming some formaldcliyde with carbon 
monoxide), and reacts with nitrogen to form 
ammonia. It does not follow', however, that 
these reactions arc general for active hydrogen 
produced by each of the various methods given. 

The active hydrogen prod^ieed by X-ray or 
electronic bombardment, or by electric discharge, 
possesses in all cases the properties recorded by 
Wendt and Landauer (l.r.), i.e. its activity is 
removed by liquid air, and a definite volume 
contraction is noticeable on its formation (Stead 
and Trevelyan, l.c. ; Boiihoeffer and co-workers. 
According to Hiedemann, however (Z. 
physikal. Chem. 1931, 153, 210), the same 
properties are characteristic of a mixture of 
silicon hydrides, and all such “ active ” or 


triatomic ” hydrogen may be either HjS 
or silicon hydrides — or a mixture of both. 

For more comprehensive descriptions of the 
reactions of active hydrogen, see Harteck and 
Roeder (Z. Elektroehem. 1936, 42, 636 — re- 
actions in aqueous solution), Bagdasaryam 
(Uspekhi Khim. 1936, 6, 39) and particularly 
Geib (Ergebn. exakt. Naturwiss. 1936, 15, 39). 

Wendt and I.«andauer (l.c.) consider the 
properties to be those of triatomic hydrogen, 
but, although the existence of the ion is 
probably beyond dispute, there is as yet no 
definite evidence of the existence of neutral Hg 
(Paneth and eo-workers, l.c.). 

It appears probable that hydrogen activated 
by the electric discharge is inoriaUnnii', not tri- 
atomie. If a long, wide discharge tube is used 
at low pressures, as shown by Wood (Phil. 
Mag. 1921, [ viij, 42, 729), the secondary' speetnjm, 
characteristic of molecular hydrogen, is confirm'd 
to the ends of the tube, and the centre of the 
tube gives only tlio Balmer scries, charaeteristif' 
of atomic liydrogeii. If the hydrogen is dry, tl^e 
Balmer scries is siij)j)reHHrd. Experiments by 
Boehm and Bonhoidfer (l.c.) have demonstrated 
fairly eoiieliisively that this active form i.s atomic 
hydrogen. The bulb oi a thermometer moistened 
with a salt soluLioii, and held in the gas stream, 
shows a rise in temperature, duo to the re- 
formation <)( molecular hydrogen. The for- 
mation of HjjOg with oxygen, and HCHO with 
carbon monoxide, suggest the presence of free 
atoms, while the immeciiale destruction of the 
active form by HCI, HBr, etc., is thought to be 
due to (he reai tion HCI = Hjj+CI. It lias 

been shown, however, that hydrogen exposed to 
electronic bombaidment will reduce eo})per oxide 
m the eoJd as soon as the potential appbed to the 
electrons exceeds 1 1 -4 volts. This is exactly the 
first resonance potential of the hydrogen mole- 
cule, and it is therefore ijossible that ” excited ” 
molecules may form a part of “ active ” hydrogen 
(Gloekner, Baxter and Dalton, J. Arner. Chem. 
Soc. 1927, 49, 58). 

One form of “active” hydrogen is beyond 
doubt atomic. This form, the discovery of which 
is due to Langmuir, is produced by an in- 
c'andeseent tungsten filament heated above 
1,300 ‘^k. in an atmosphere of hydrogen, or by 
an electric discharge between tungsten elec- 
trodes (Langmuir, ibtd. 1912, 84, 1310; 1914, 
36, 1708; 1915, 37, 417; 1916, 38, 1145; hid. 
Eng. Cliem. 1927, 19, 667). 

3’hp abnormal rati', at which hf‘at is eondueted 
from such a filament at temperatures above 
l,7fHFK. (the heat carried away is proportional 
to T^’® for most gases and for hydrogen up to 
1,700“k., but increases more rapidly above this 
temperature until at 2,600°K. and above, it is 
proportional to T®) led to the conclusion that 
strong dissociation of Hg must take place under 
such conditions. 

Data at higher pressures have demonstrated 
conclusively that atomic hydrogen H, and not 
Hg, is responsible for the abnormal conductivity 
effect. 

Atomic hydrogen produced by the Langmuir 
method reacts rapidly with oxygen at room tem- 
peratures and slowly even at liquid -air tempera- 
tures. It reduces oxides of tungsten, copper, 
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iron ^FejOj) and zinc. No atomic hydrogen,' 
however, passes through a trap cooled in liquid | 
air. Ethylene is decomposed to form acetylene, ' 
benzene and other hydrocarbons l>eing formed 
in smaller quantity (Von AVartenberg and 
Schultze, Z. physikal. Chem. 1929, B, 2, 1 ; 
Bonhoeffer and Harteck, ibid. 1928, 139, 64). 
The life of atomic hydrogen is short, the half- 
period being about 1 second (Bay and Steiner, 
ibid. 1929, B, 2, 146). 

The Structure of Hydrogen Atoms and 
Molecules. 

The hydrogen (protiuin) atom consists of a 
single proton, around which a single electron 
revolves in an elliptical orbit. Variation can 
occur in the size of the orbit, but only dis- 
continuously, i.e. there is a finite number of 
possible oi bits. The condition prevailing when 
the electron is revolving in a given orbit is a 
“ stationary state ” ; no energy changes occur and 
the coulomb force between the electrical charges 
is balanced by the centrifugal force due to the 
inertia of the electron. 

The stationary states may be numbered 1, 
2, 3 . . . 7A outwards from the nucleus, and are 
characterised by the fact that in them the elec- 
tron bears 1 , 2, 3 . . . quanta of energy, 
respectively. Thus the energy of the electron 
at the nth orbit, E~nhv. 

n is an integer denoting the particular orbit. 

Ii = Planck’s constant — 0-564 x 10 erg- 
seconds. 

v=the frequency of rotation. 

On transferring from one orbit to another, say 
from the first to the second, an energy change 
occurs. 


Some of the characteristics of the stationary 
states for hydrogen are : 


Quantum 

number. 

liAdiUH. 

Frequency 
of revo- 
lution 

Work of 
removal. 

AY'loclty 
in orbit 

1 

] 

1 

1 

1 

2 

4 

1/8 

1/4 

1/2 

3 

9 

\121 

1/9 

1/3 

4 

16 

1/64 

1/16 

1/4 

n 






The w'ork of removal of the electron from the 
nth orbit to infinity is thus proportional to rr*, 
t.e. 


where R is a constant. 

The energy radiated when the electron jumps 
from the nth orbit is 

E„-En,=Rh(L-y=/.. 

or e- -s 2 J 

Vw® Wi®/ 


When n^l and h,= 2, 3, 4 . . . the resulting 
series of spectrum lines constitutes the Lyman 
Series ; when n=2 and ni=3, 4, 5 . . . the 
Balmer Scries occurs; when n=3 and ni=4, 5, 

. . the Fasehen Series occurs ; and w'hen 
n— 4 and nj=5, 6, 7 . . . the Brackett Series 
results. 

The constant 

. .1-09676 X 10» 
ch® 

whore m=the mass of the electron 
c=the charge on the electron 
N — the charge on the nucleus 
f = the velocity of light. 

Owing to the fact that the orbits are elliptical, 
the velocity of the electron vari(‘a with its posi- 
uon, and hence the energy varies. This results 
Ji each of the spectrum lines becoming spread 
and really consisting of a number of “ fine 
spectrum” liiu^s. 

The iiunihor of atomic and molecular struc- 
tures, accorded the title of “ hydrogen ” has 
greatly increased during recent years. The 
nomenclature and symbols of these structures 
are as follow’S : 

Let ” hydrogen ” be represented by 

In the position of ” w ” the prefix “ o ” 
(ortho), ” p ” (para), “ c ” (equilibrium between 
o and p) or ” jl ” (normal in relation to “ o ” 
and ” ”, t.e. in equilibrium at ordinary 

temperatures) gives the condition of the mole- 
cide in relation to nuclear spin. When omitted, 
n may bo assumed. The subscript in the 
position of “ x ” gives the atomic number. 
This is 1 in the case of hydrogen and is frequently 
omitted. 

The superscript in the position “ y ” gives the 
atomic weight relative to hydrogen (protium), 
Le. is the hydrogen {prohum) atom ; or 
D is the deterium atom ; JH or T is the isotope 
atom of mass 3, tritium ; JH is the isotope atom 
of mass 4. When omitted it may be assumed 
that a mixture is meant with the “ natural ” 
amount of deuterium, i.e. 6,000 jHg to Dj and 
negligible amounts of higher isotopes. 

The subscript in position z represents the 
number of atoms in the molecule, t.e. H (atom), 
Hg (ordinary diatomic molecule), Hg (triatomic 
molecule, hyzo'at). 

In addition the usual -f or — indicates positive 
or negative ionisation. 

Ortho- and Para- Hydrogen. — In the hy- 
drogen atom, both the electron and the proton 
which comprises the nucleus have two possible 
directions of spin. The electron spins of any 
pair of H atoms may therefore be parallel or 
anti-parallel, and similarly with the protons. 
Only those atoms with anti-parallel electron- 
spins, however, are able to enter into combina- 
tion, BO there occurs in the hydrogen molecule 
two possible spin isomers — those with parallel 
nuclear spins (ortho-hydrogen), and those with 
anti-parallel nuclear spins (para-hydrogen). The 
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existence of these two modih rations was ex- 
perimentally demonstrated by Bonhoeffer and 
Harteck (Natiirwiss, 1929, 17, 182). 

A further diJferenee between the isomers is 
that in the para-raoleeiile only the even rota- 
tional levels are occupied, whereas in the ortho- 
molecule it is only the odd levels. Consequently 
at extremely low temperatures when all the 
molecules tend to jiass into the lowest rotational 
level (J= 0 ), equilibrium lies entirely on the 
side of para-. At infinitely high temperature the 
equilibrium lies at 3 ortho- : 1 para-. Equili- 
brium is, however, only reached under favour- 
able conditions and the mixture occurring at 


normal temperatures (which approximates very 
closely to 3 ortho- : 1 para-) may be cooled to 
low temperature without change in composition. 
Distinction may therefore be drawn between this 
normal mixture (a-Hj) and the equilibrium mix- 
ture (c-Hg), as well as between the pure o-Hg 
and 71 - Ho. The following table taken from 
Farkas (*‘ Orthohydrogen, Parahydrogen and 
Heavy Hydrogen,” Cambridge University Press, 
1935) shows the rotational levels occupied at 
different temperatures. The sum of the even 
,1 numbers and the sum of the odd J numbers 
for e-Hj 2 indicate also the equilibrium amounts 
of para- and ortho- respectively. 


Temp. “K. 

Hydrogen. 

J-0. 

J-1. 

50 

^-Hg 

76 88 

2311 


p-Hg 

09-98 

— 


o-Hg 

— 

100-0 


71- H 2 

24-995 

75-00 

100 

c-Hg 

37-36 

61-46 


P-^2 

97-02 

— 


O-Hg 

— 

99-95 


71- H 2 

24-25 

74-97 

200 

e Hg 

18-05 

71 67 


71 - Hg 

71-82 

— 


o-Hg 


06-7H 


w-Hj 

17-95 

72-69 

300 

c-Hg 

12-89 

65-78 


7 J-H 2 

51-40 

— 


o-Hg 

— 

87-80 


^-Hg 

12-85 

65-84 


Pure jmra-hydrogen is pucjiarcd b,> con- 
verting a-Hj to C-H 2 p H 2 ) liquid-air 
temperatures, using active charcoal or Ni- 
kieselguhr catalyst (BonhoefftT and Harteck, 
Naturwiss, 1929, 17, 182; Z. physikal. Chem. 
1929, B, 4 , 113 ; B, 6 , 292 ; Z. ElekLrorhem. 1929, 
35, 021 ; Taylor and Sherman, Trans Faraday 
Soe. 1932, 28, 247). It is impossible to convert 
W-H 2 into o-Hg, since at no temperature does 
the equilibrium he entirely on the o-Hg side, 
and failing a physical method of separation, 
pure o-Hg cannot be prepared. For the heat 
of transformation, see Elbe and Simon (Z. 
jihysikal. Chom. 1930, B, 6 , 79). 

The composition of 0 - 7 )- Hg mixtures is con- 
veniently estimated by thermal conductivities 
(Bonhoeffer and Harteck, ibid. J929, B, 4 , 113). 

The following properties ofp-Hg may be com- 
pared with those of w-Hg : 



w-Hg. 

3? Ug. 

Boiling-point "k. . 

20-37 ♦ 

20-26 1 

Triple point °K. . 

13-94* 

13-83 t 

Vapour pressure mm.- 

— 


20-18°k. . . . 

708-2 X 

732-9 X 

17-18°k. . . . 

260-5 X 

201-7 X 

IS-IS^K. . . . 

108-7 : 

103-5 I 


• See above under " Physical Properties of Hydro- 
gen.” 

t Bonhoeffer and Harteck, Z. physikal. Chem. 1929, 
B, 4, 113 ; see Farkas (op. cU.). 

t Keesom, Bljl and Horst, Proc. K. Acad. Wetensch 
Amsterdam, 1931, 34, 1223; see Farkas (op. cit.). 


J-2 

J = 3 

J-4. 

J = 5. 

0 01 

_ 


1 

0-02 

— 

— 


0-005 

— 

— 

- \ 

1 15 

0-02 





2-98 

— 

— 

— 

— 

005 

— 

— 

0-74 

0-03 

— 

— 

7-27 

2-38 

0-03 

0002 

28-05 

— 

0-13 

— 

— 

3-21 

— 

0-003 

7-01 

2-41 

0-03 

0-002 

11-78 

9-07 

0-40 

0-08 

47-00 

— 

1-59 

— 

— 

1210 

— 

O-IO 

11-75 

9-08 

0-40 

0-08 


Heavy Hydrogen — Deuterium (q.v.). 

Other Isotopes of Hydrogen. — In the re- 
action, jD-fjD -> JH+ JH, a hydrogen isotope 
of mass 3 is formed (Deo, Nature, 1934, 133, 
5(>4), 

The possibility of the higher isotope of mass 4 
has l>een iliseussed by li’luggc (Z. Physik, 1937, 
105, 522). 

Triatomic Hydrogen (Hyzone). — One of 
the theories explaining the activity of ” active ” 
hydrogen is that it is triatomic. Actually the 
existence of a neutral triatomic molecule Hg is 
under considerable doubt (see e.g. Smallwood and 
Urey, J. Amcr. Chem. Soc. 1928, 50, 620). The 
ion H 3 + however is known to exist and was first 
observed by J. J. Thomson in canal rays. He 
claimed later (Bliil. Mag. 1934, [viij, 17, 1025) that 
two kinds exist, the one formed by passing the 
discharge through ordinary hydrogen is very un- 
stable, the other, formed by bombarding solid 
KOH with electrons and passing a discharge 
through the evolved gases, is fairly permanent. 
When KOD isjised, H4 is also present (as well 
08 Hj“ and H^“). 

Hydrogen Bibliography. — Further details 
on the properties and reactions of hj drogen can 
be found in the following sources. Much of the 
data given there, however, has been amplified 
or corrected by more recent w^ork : 

Mellor, “ A Comprehensive Treatise on In- 
organic and Theoretical Chemistry,” Vol. I, 
1922. 
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Newton Friend, “ Textbook of Inorganic 
Chemistry,” Vol. II, 1924. 

Abegg, “ Handbuch der anorganischen 
Chemic,” 1908, Band 11, Abt. 1. 

Gmclin, “ Handbuch der anorganischen 
Cheinie,” Aiifl. 8, 1927, hiystcin No. 2. 

Pascal, “ Trait6 de Chimie mmcrale,” Vol. 1, 
Masson, l*ans, 1931. 

International Critical Tables 1920-1933. 

Tables Annuelles Iiitemationnles de Con- 
stantes et Donnees Numeriqiies. 

TEC^HNICAL PRODUCTION. 

General Literature . — From 1918-21 a number 
of books were published dealing with the com- 
mercial production and usage of hydrogen, and 
they form excellent summaries of the state of 
development of the various processes up to the 
time they were written. These books are there- 
fore valuable for early history of the subject, 
including patent references, and the following 
may be cited : 

Martin, “ Industrial Gases ” (Crosby Lock- 
wood & Son). 1918. 

Toed, ” The Chemistry and Manufacture of 
Hydrogen ” (Edw'ard Arnold), 1919. 

Greenwood, “ Industrial Gases ” (BaiUi^re, 
Tindall k Cox), 1920. 

H. S. Taylor, “ Industrial Hydrogen ” (Chemi- 
cal Catalogue Co., U.S.A.), 1921. 


applied E.M.F. must overcome three opposing 
forces : (a) the reversible decomposition voltage 
of water, which is 1-23 volts, (6) the actual resist- 
ance of the ehH’trolytc, (r) the and Hj over- 
voltages at the anode and cathode respectively, 
both of which rise with increasing current 
density. The aims of commercial cell design 
arc to reduce (6) and (f) to as low a figure as is 
practicable, to keep separate the hydrogen iuid 
oxygen, to avoid corrosion of the electrodes, 
and to minimise current leakage, electrolytic 
leakage, and repair requirements. In com- 
mercial practice (a), {b) and (r) total 2 to 4 volts. 
To keep (6) at a minimum, the electrolyte most 
commonly used is KOH, soinetinips NaOH, 
at as high a concentration and ternjierature as 
possible, consistent with avoiding corrosion. 
Early type cells {e g. Schoop cell) employed 
H2SO4, but these arc now almost obsolete. 
Electrolyte concentration is usually 20% NaOH 
or 20-25% KOH, and the ojicrating tempera- 
ture up lo 70''(\ Since the E.M.F. dissipated in 
overcoming (/>) and (r) above ajipcars as heat, the 
temjierutuic is inamtaiiu'd without additional 
healing, and in many cases pro\iHi()n for cooling 
must be made, A furt lKM' method of reducing 
(b) IS to bring anode and cathode as ilose as 
possible, but the limit here is set by the ncecssity 
of kecfiiug oxygen and hydrogen seiiaiatc. 

Electrodes are usually of mild steel, and to 
reduce (c) above and at the same time to avoid 


For reference on the subject 
from the standpoint of ammonia 
synthesis, see Ammonia, Vol. 1, 
33 Id, and from the standpoint of 
hydrogenation, see Groggins, “ Ibiit 
Processes in Organic Chemistry ” 
(McGraw-Hill Rook (b.), 1935, 

Chapter Vlll, Hydrogenation 
(Fenske). Two general articles cov- 
ering the whole field of commercial 
hydrogen production arc Brow^ilie, 
Ind. Eng. Chem. 1938, 80, 1139, 
and Heinrich, Chcin.-Ztg. 1933, 57, 
933-934, 950-952. Apart from the 
above, the original references and 
the patents quoted must be con- 
sulted to obtain more information 



Fig. 1. 


on the processes dealt with btdow. 

The various processes used commercially for 
the production of hydrogen may be classed as 
follows : 

(1) Electrolytic Decomposition of Water. 

(2) Direct Reduction of Steam by Carbon. 

(3) Indirect Reduction of Steam by Carbon, 
Using an Intermediary. 

(4) Reduction of Steam by Hydrocarbons. 

(6) Cracking of Hydrocarbons. 

(6) Hydrogen Recovery from Commercial 
gases {e.g. Coke-Oven Gas) by Partial 
Liquefaction. 

(7) Production of By-product Hydrogen. 

(1) Electbolytic Decomposition of 
Water. 

Before oxygen and hydrogen con be evolved 
from the electrodes of an electrolytic ceU, the 


corrosion, the anodes and, in many cases the 
cathodes also, are nickel plated. In the Levin 
or Electrolabs cell cobalt plating is used. Other 
methods of reducing (c) are special treatment of 
electrode surfaces, and decrease of electrode 
current density by the provision of subsidiary 
electrodes held away from the main electrode by 
small metallic studs {e.g. the Bamag Zdansky 
battery). 

Two main types of cell have been developed 
to ensure the separation of anode and cathode 
gases : 

(а) The open or bell type, in which gases are 
coUected in bells placed above the elec- 
trodes. Asbestos petticoats ” are fixed 
round the bottom of the bells to improve 
separation (Fig. 1). Examples : Fauaer, 
Knowles and Uolmboe. 

(б) The enclosed or filter press type in which 
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the wallH of the vchhcI containing the elec- 
trolyte thcmMulveH serve as electrodes. In 
this case a battery of cells is formed by 
vortical electrodes kept apart from one 
another by insulating material along their 
edges, with diaphragms alternating with 
the electrodes lor kei'ping separate the 
oxygen and hydrogim. The cells are 
completely filled with electrolyte, and on 
passing current from one end of the 
l»attery to the other, each electrode acts 
as cathode on one side and anode on the 
other (Kig. 2). Home of the advantages 
(jf this type are that a single battery may 
cont ain ujj to U>() cells in series, permitting 
the use ol high voltages without the iieees- 
sity of eopper eonduetors to connect a 
like number of bell- type cells in series. 
As the electrolyte is not exposed to t}H3 
atmosphere, COg absorption is avoided, 
and the floor space rpr]uired is usually 
smalbT than with bell- typo cells. Thi‘ 
diaphragms may be of perforated nickel 
sheet (“ IWhtranz ”), asbestos, or aHbc.stoH 
with steel wire inlay (“ Haviag ”). Other 



examples of the filter press type are 
Schmidl-Ocrhkon, Siemens^ Jtoth (i G.) and 
the National Klvctrolysur. Metallic dia- 
phragms are permissible unless the voltage 
applied across the cell is so high [i.e. about 
4 volts) that the potential difference 
between one electrode and the diajihragra 
exceeds the decomposition voltage of the 
electrolyte. Then the diaphr.agm itself 
wull act as an electrode, and impure gases 
will be obtained. The principal difficulty 
in the construction of the filter press type 
is to obtain a material suitable for ins^a- 
tion between the electrodes which at the 
same time is not attacked by the elec- 
trolyte, and does not allow electrolyte 
leakage. 

The Levin or Khcirolahs cell is of the 
enclosed type, but in this ease the elec- 
trodes are separate from the walls of the 
containing vessel, being electrically in- 
sulated at the point whore the electrode 
connections pass through the electrolyte 
container. The cathode is a central 
vertical plate, and there are two anodes, 
one on either side. The anodes are 


separated from the cathode by vertical 
diaphragms. 

The electro -chemical efficiency of all com- 
mercial electrolysers approaches 1 00% ; the 
slight inoffieicney is not due to unwanted chemi- 
cal reactions, hut to the small leakage of current 
through the insulation. The water supplied to 
the cells must be very pure. Chloride im- 
purities are particularly undesirable since they 
may lead to corrosion of the anodes. Any sus- 
pended iron in the feed water will deposit on the 
cathodes and build across to the diaphragm 
causing this to act as a cathode, resulting in 
hydrogen impurity in the oxygen. 

The purity of the electrolytic gases is normally 
99-5-9‘)-8%, O 2 98-5-990%. Decrease of 
purity may be due to the cauHi'S given abovf, 
nr to the rupture of the diaphragms. Whofe 
very high-purity gases are reiiuirod [( .{j. H„ fck 
ammonia synthesis) they may be obtained by 
passing the Hj over a catalyst such as platinised 
asbestos or copper, when the oxyg(*n impurity' 
bums to water and is conden.sed. 

The labour niquiremeiit for thci electrolytic \ 
jirocess is small, and correctly designed cells 
or batteries may be operated 5 years or loiigi*r 
without ne(‘d of repair. With open type cells, 
carhonation of the electrolyte may necessitate 
installation of a eaiisticising plant ; regulation 
of the feed 'water to these eells may also present 
difficulty, because with variation of the gas 
piessure inside the bells, overflow of electrolyte 
may occur. With certain types of cells it is 
necessary at intervals to remove deposits of 
spongy iron from the cathodes, clean the dia- 
phragms and rcplate the anodes. The principal 
operating cost is power, which may vary from 
50 to ()•() kw.h. per eii. m. of Hg plus I rii. in. of 
Og. Owing to the fall in overvoltage on lower- 
ing the current density, the power consumption 
per cubic metre of hydrogen of an electrolytic 
plant will fall -with reduction of output. Pub- 
lished figures may therefore be misleading, and 
for a given output the relative merits of different 
designs can only be determined by comparison 
of ijower requirements at similar capital costs. 
Alternatively, comparison of capital costs should 
be made with plant of similar efficiencies. It 
follow^s also that the economic size of an elec- 
trolytic plant will depend on the cost of power, 
because for a given hydrogen output, capital 
expended on increasing the number of cells or 
batteries will decrease the power requirement. 

Pressure electrolysers have been proposed and 
developed on a semi- technical scale by Noeggerath, 
N lederreither and others, to operate up to 150 
atm. pressure. It is claimed that the increase 
in pressure reduces the oxygen and hydrogen 
overvoltages, with consequent reduction in 
power requirements. Thus it may be said that 
the electrical energy fed to the cell appears 
partly as compression energy in the gases 
evolved, instead of as heat. Clearly one of the 
major problems arising in the design of a pressure 
electrolyser will be to avoid any marked differ- 
ence of pressure at the cathode and anode. 
The power required to compress oxygen or 
hydrogen is small compared with that used in 
the process of electrolysis. Thus in spite of 
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advocacy of the use of pressure cells as a method 
of storing off-peak electrical power, no large 
installations have been reported. 

The modern tendency of battery design is to 
obtain a greater output for a given capital cost 
by increasing the operating current density. 
This necessitates increased provision for cool- 
ing. In the Ba7i}ag Zdaiishy battery the elec- 
trolyte is circiiliited by the lifting fA'ceb of the 
bubbles ot gas evolved, and the liquor circuit 
includes coolers and filters. It is claimed that 
this system reduces the oxygen and hydrogen 
overvoltages and prevents iron deposits on the 
cathodes. 

Litprature — Allmand and Ellingham, “ Applied 
El(‘ctro - chemistry ” (Edward Arnold), 1924, 
pp. 458 454, discuss the folloAving types: 
Srhoop, Knoinhs, Integral Oxygen, Levin or 
Elertrohhfi, Jnternatinnal Orygrn, Sehwidt-Oerli- 
kon, Oeeraard or Churchill. Takimenko, Khims- 
troj, 1 9.14, 6 and 7, describes and gives operating 
data for the following : Banmj Zdnnsicy, Fauser, 
Kriou'lrs, PcchkranZj Steward^ Kent, Biri. See 
aho H. S. Taylor, “Industrial Hydrogen” 


(Chemical Catalogue Co., U.S.A.), 1921. 

Zdansky, Chem. Fabrik. 1933, 6, 49, describes 
the Bamag Zdansky battery and gives operating 
costs. Diamond, Trans. Inst. Min. Met 1934, 
442^60, describes electrolytic hydrogen plant 
at Trail, B.C., and Knowles, Fauser, Stuart and 
Ppchkranz batteries. Noeggerath, Chcni. Met. 
Eng. 1928, 35, 421, and Ueinze, Engineering, 
1933, 185, 399. Niederreither, O.P. 600583 and 
U.S.P. 1983294. 

(2) Direct Reduction of Steam by 
Carbon. 

The commonest industrial reducing agent for 
obtaining Hg from steam is carbon in the form 
of coke. In the so-called Water-gas catalytic 
process, the reaction takes place in two stages, 
the first of which involves reaction of a solid, 
and the second is entirely* gaseous. 

(^/)C | HaO^^CO+Hg; All 4 3J 4 
per g.-rnol. (cndotherniK ). 

{h) CO \ COai-Hj; All --101 kg- 

cal. per g.-mol. (exothermic). 


^co, ‘ 



Eio. 3 . — Equilibjuum Curve (Neumann and K6hler) of the Water-Gas Reaction. 

COd HgO^COg hHg. 


The first reaction is that which takes place in 
a standard blue water-gas generator {see Gas, 
Water). The second is earned out at a tem- 
perature of 4(M)~550°G. over a pelleted eatalyst 
of iron oxide containing promoters. The equilib- 
rium for the so-called water-gas reaction (5) 
is slated on p. 318r. Eig. 3 gives the values 
of the equilibrium constant over the usual 
operating range of temiie natures. The lower 
the temperature, the greater the equihbrium 
hydrogen conUmt. Hence it is usual to carry 
out the reaction in two stages, firstly at 500^ 
600"C., where the high tempeiatiiro favours a 
rapid ajjproach to equilibrium, and then at a 
lower temperature 400-500“C,, where, because 
of the more favourable equihbrium, the reaction 
proceeds further. The resulting plant is as 
given in Fig. 4. The catalyst is brought up to 
operating temperature by burning air in water- 
gas at the top of one or both converters. With 


adequate heat exchange and insulation the sys- 
tem maintains its own temperature, and in 
practice some of the heat of re*>,ction and some 
of the unconverted steam are recovered by ' 
heating water with the hot converted gas after 
it leaves the final interchangor. This hot water 
is then used to heat and saturate with water 
vapour the unconverted water-gas before it 
passes to the heat exchanger (?;. Vol. V, 406a). 
The range of steam ; water-gas ratios most 
commonly employed is 3:1 to 1:1 by volume. 
The higher the steam ratio, the lower the CO 
content of the converted gas, which in practice 
varies from 5 to 1% CO. 

The reaction is usually carried out at a pressure 
of 1-2 atm. absolute, although some plants 
operate at higher pressures. The equilibrium is 
no more favourable than at lower pressures, but 
it is more quickly attained. The catalyst is 
contained in mild steel vossels and is supported 
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on trays in a manner similar to that used for the 
catalyst in the contact method of oxidisinp; SO,. 
A number of catalysts have been patented which 
improve the equilibrium by absorbing the CO, 
produced, but no largo scale installations 
optjrating on this principle arc reported. The 
original Bodischo (now the l.G.) units had a 
capacity of cu. ft. per hour although 

very much larger units arc now common. 

With most of the catalysts employed in- 
dustrially, removal of HgS from the inlet water- 
gas iin])i‘ovcs thc‘ catalyst activity and lowers 
the CO content of the exit gas. The standard 
iron-oxide box process is commonly used for 
HgS removal, and a recent development has 
been the construction of tower purifiers which 
utilise a very active oxide mass and can be 
rapidly emptied and refilled. Active carbon 
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removal, solutions of organic bases may be 
used which are regenerated by heating (the 
Girhotol and the Alkacid (l.G.) processes). 
The requirements for the absorbing solution are 
that its volatility should be low to avoid losses, 
that the CO, capacity of the solution should be 
high, and that the CO, partial pressure above a 
carbonated solution should be low at room tem- 
peratures, but to effect easy regeneration should 
rise rapidly with increase in temperature. These 
processes for CO, removal are to be preferred 
where the final gas mixture is not required at 
pressure (f.g. the Fisrher-Tropsch process, see 
later). 



PURIFICD H2 
OR Mj/N, MIXTURE 

Fig. 5. 


can also be employed for oxidising H,S to S 
and HjO, and there are a number of wet pro- 
cesses usually involving gas-scrubbing with iron 
oxide suspensions or alkaline solutions (examples 
— Ferrox. Thylor, Koppera^ etc.). The solution 
is regenerated by aeration, and the HjS is 
oxidised, liberating a sulphur scum which may 
be recovered from the surface of the solution. 

To obtain pure hydrogen from the converted 
gas, CO, is removed usually by water-scrubbing 
at pressures from 10-60 atm. The scrubbing 
water is freed from CO, by air-stripping and is 
used again. With largo plant the energy ex- 
pended on injecting the water into the scrubbing 
tower is frequently partly recovered by pass- 
ing the water from the tower through a Felton 
wheel or other form of water-motor (Fig. 6). 
As an alternative to water -scrubbing for CO, 


The CO not converted in the conversion stage, 
and any CO, still remaining, arc removed at still 
higher j)ressure8 by scrubbing wulh an am- 
raoniacal cuprous salt solution, which is re- 
generated for further use by heating. The gas 
given off" during regeneration consists largely of 
CO, and is returned to the inlet of the CO con- 
version unit. Thus all the CO entering the 
system is finally oxidised to CO,, and the ratio 
of water-gas required to pure hydrogen obtained 
is very little above 1:1. The impurity remaining 
in the final gas is nitrogen contained in the 
original water-gas. For ammonia synthesis 
whore a final H-iN, ratio of 3:1 is required, pro- 
ducer gas is added before the CO conversion 
plant or semi-water-gas may be employed. 

The most recent developments have been not 
in the CO conversion or purification stages of 
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the process, but in the production of the water- 
gas. Coal is frequently a cheaper starting 
material than coke, and may therefore be pre- 
ferred. Processes utilising coal have the 
additional advantage that the hydrogen in the 
coal is also usefully recovered. The dis- 
advantages are the production of tar and the 
presence of hydrocarbons in the water-gas. For 
many purposes {e.g. the synthesis of ammonia) 
even small amounts of hydrocarbons are a 
serious drawback, because they build up in the 
synthesis system and must bo purged there- 
from, resulting in the simultaneous loss of con- 
siderable quantities of hydrogen. Thus the aim 
of the coal-gasification processes is to destroy 
the tar and hydrocarbons given off as the coal 
IS heated, by cracking or decomposition with 
steam, before they pass to the exit gas. This is 
achieved by passage of the hydrocarbons 

FUETU 



through a hot zone, which is frequently the 
incandescent coke formed after the initial heat- 
ing of the coal. For processes making gas for 
the Fischer-Tropsch process an additional objec- 
tive is the production in one stage of a gas con- 
taining the required H 2 :CO ratio of 2:1. 

In general, coal-gasificatioii processes are most 
easily applied to brown coals and lignites, 
because these produce very active cokes after 
initial heatuig. The following are t 3 ^ica] 
examples : 

The Winkler Generator is described under 
Gas, Water (Vol. V, 601). The hydrocarbons 
are cracked in the fuel bed itself or in the large 
hot gaseous zone above the bed, into which 
secondary air is introduced. For the final 
production jof H^, or for ammonia 

synthesis, an oxygen-enriched air is used. The 
oxygen cost is a disadvantage. 


The Bubicig Didier Retort (Fig. 6). — In this 
plant the heat necessary for the gasification of 
coal with steam passes to the fuel bed through 
the walls of a bench of brickwork retorts very 
similar to standard gasworks vertical retorts. 
Steam is added at the top and bottom of each 
retort, and the gas exit is about one- third of the 
way from the bottom. Fuel is added at the top, 
and thus the tar and hydrocarbons given off in 
the upper or coking zone of the retort must pass 
through the hot coke in the centre of the retort 
before they pass to the exit main. They are 
/hereby crai'ked or dc'coinposed with steam. 
The unreacted coke from the bottom of the 
retorts is fed to producers heating the retorts. 
An exit gRH containing <10% methune is 
daimed, and the process is suggested ns par- 
ticularly suitable for Fischn -Tropsrh gas, owing 
to the ease of control of the CO;H.^ ratio. 

The Viarj Generator (Vergasiings- Industrie 
A.-G.) (Fig. 7). — Tiffs is in eflcct a twin wat-er-gas 
generator fed with coal. On the down run the 
gases given off in the coking or upper zone of 
the generator pass through the coke bed and 
are thereby decomposed. On the up rim the 
hydrocarbons pass forward with the make gas, 
but decomposition is assured by passHge down 
through the incaiKlescent coke bod of llic twin 

DOWN 


RUN 



generator. Periodically steam is shut off from 
each generator in turn and a blast of air^ 
admitted as in standard water-gas practice. 
Recuperators are used to improve the heat 
efficiency of the process. 

The Pintsck-llillehrand Generator is also 
described under Gas, Water (Vol. V, 602), but 
the principles of operation are shown in Fig. 8. 
In this case the hydrocarbons are decomposed 
firstly in the recuperator (or regenerator) and 
then in the fuel bed. 

The Lurgi Process. — This process utilises 
oxygen for gasification of brown coal at about 
10 atm. pressure. A somewhat similar process 
has been proposed by Fauser, 1'he advantage 
claimed for pressure operation is that it enables 
the fuel bed to be operated at a lower tempera- 
ture. Thus, for example, fer Fischer synthesis 
a gas of suitable compositicn may be obtained 



328 


HYDROGEN. 


in one stage. As there is no special attempt to and Didier processes ; see also Giordoni, J. 
crack or decompose hydrocarbons, the methane Usines Gaz, 1937, 61, 170, 196, 229. Midler, 
content of the make gas is higher than with Chemical Engineering Congress, World Power 
other processes, hut it is nevertheless suitable Conference, 1936, Paper 5E, discusses complete 
for Fischer synthesis. As with the Winkler gasification of coal and describes the Pintsch- 
process the cost of oxygen will be tt disadvantage. Ilillebrand process. For Didier process, see 
Literature. — For general description and Szigeth, Z. Ungar. Ing. u. Arch. Verein, 1934, 
operating costs of stages of process employing 37 and 38, and Thau, Brennstofif-Chem. 1935, 
coke water-gas, Laupichler, Chem. Met. Eng. 16, 61. Complete gasification with oxygen, 
1936, 43, 122, and Gas World, 1936, 105, 71. Fauser, 11th International Congress Pure and 
Held, Petroleum, 1939, 85, 435, discusses pro- Applied Chemistry, Madrid, 1934; Drawe, Gas- 
duction of ammonia-synthesis gas from coal u. Wasserfach, l'933, 76, 541. and Blackburn, 
and describes Pintsch-IJillebraud, Didier, Lurgi, Williams and Millett, Inst. Gas Engineers, 1936, 
Wintershall-Srhmalfeldt and Koppers processes. Communication No. 141. Van der Werth, 
Schultes, Gluckauf, 1936, 72, 273, gives cost Chem.-Ztg. 1935, 59, 276, reviews German 
estimates for production of Fischer syntlicsis-gas patents covering CO conversion. Tower purifi- 
by numerous processes, and describes Winkler cation process, Lenze and Borchardt, Gas- u. 

TAR 

COKIMC OP precipitator 



STEAM 


Fig. 8. 


Wasserfach, 1933, 74 , 445. Alkacid process, BUhr, 
Proc. Amer. Petroleum Inst. 8th Mid-year 
Meeting, Sect. Ill, 1938, 19 , 37. 

(3) Indirect Reduction of Steam with 
Carbon Using an Intermediary. 

The Iron-Steam Process. — In this process 
oxides of iron form the intermediary in reducing 
steam with carbon. The carbon is first con- 
verted into water-gas or producer-gas by the 
standard process, and the gas is used at tempera- 
tures varying from 550°C. to 760°C. to reduce 
oxides of iron, generally in the form of spathic 
ore, because this is porous and at the same time 
robust. Silica is undesirable in the ore since it 
forms a glaze which prevents reaction. The 
reducing gas is then shut off and steam is passed 
over the oxide mass, resulting in the oxidation of 


the mass and the production of hydrogen. The 
equations can be written ; 

(o) Reduction Fe304-|-C0^3Fe04 CO™ or 
Fe3044 Hjj^SFeO+HaO 
Steaming SFeO+H^O ^ Hj-f Fe 304 
(b) Reduction FeO+CO ^ Fe+COjor 
FeO+Ha^ Fe-bHgO 
Steaming Fe-f HgO ^ FeO-|- 

The process is thus a cyclic one, the reduction 
stage being endothermic and the steaming sta' e 
exothermic. When reduction is by CO, Vne 
final result is the reaction of steam with CO 
as in the water-gas catalytic process already 
described, and thus there is a net heat evolution. 
Nevertheless the inevitable heat losses from any 
industrial plant are sueh that heat must be 
continually supplied to the system, and this is 
usually obtained by burning spent water-gas 
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obtained during the reducing stage, which from 
equiabrium considerations still contains a con- 
fiid</rable percentage of combustibles. The com- 
btifition of producer-gas has been suggested as 
rji alternative source of heat, and partly burnt 
coke-oven gas or even coal dust have been pro- 
posed as alternatives to water-gas for the re- 
ducing stage. 

Taylor {op. cit.) has shown that from published 
data on iron oxide-Hg-CO equilibria, re- 
action (a) above will require less water-gas than 
(6) to produce the same amount of hydrogen, 
although it is clear from the cqucations that for 
a given amount of iron (h) w^ould be expected to 
give the greater hydrogen output. Further, 
assuming reaction («) and f)uitc a])art from the 
gas that it is necessarv to burn io maintain tem- 
peratures, the ecpiilibna involved nec'ossitate 
that at 75(/'C. the minimum jiossilile ratio of 
water-gas consumed to hydrogen produced is 
10:1. In actual practice this ratio will be 2 
to 3:1. A method of overcoming 


bench is continuous. The bench is heated by 
burning producer-gas or spent water-gas. 

In the Bamag process the iron mass is heated 
indirectly by means of a recuperator (single- 
retort process). Water-gas is passed through the 
iron mass and the spent gas is burned with air 
before it passes to tht‘ recuperator. After reduc- 
tion, the w ater-gas is shut off and steam is passed 
through the recuperator and through the reduced 
mass. There are suitable Jiurge periods, and 
air for burning off carbon deposits is admitted 
every cycle. 

The Messer schmitl Process (Fig. 9) combines 
direct heating w ith the use of a recuperator. The 
iron mass is contained in an annular space between 
two iron cylinders. Water-gas is burned at the 
base of the inner cylinder with a quantity of air 
very much less than that required for complete 
combustion. Tlu^ hot gas passes up through the 
chequer- work, down through ilie iron mass, and 
is finally completely burnt in the outer chequer- 


equilibria considerations proposed by 
Rogers is to ein uhite the spent water- 
gas, together with the steam tliar it 
coiitainH, back to the water-gas genera- 
tors whore it is used in place of steam. 
The COj in the spent gas is reduced to 
CO and the steam to hydrogen. A 
purge from this closed circulating 
system is iir‘eessarv to remove CO or 
COg produced from coke gasified in 
the generator, and also the nitrogen 
inevitably introilueed. Nevertheless an 
improvement on the ordinary open 
cycle is claimed. Other w'orkers suggest 
the condensation of steam and removal 
of CO 2 from the spent gas before re- 
turning it to the retort. 

The cycle usually claimed as most 
efficient is 20 minutes reducing and 10 
minutes steaming, and there is a short 
purge after reducing before th(' hydro- 
gen IS turned to the collecting main. 
It is necessary periodically to burn out 
deposits of carbon from the iron mass, 
and if unpurified wat(;r-gaa is employed, 
of sulphur as well, (^arbon results from 



the decomjiosition of CO thus : 

2CO C-fCOg 


work. After 20 minutes reducing, the water-gas 
and air are shut off and steam is passed down- 


and is avoided or minimised by a high COg con- 
tent of the water-gas, driving the above rcacstion 
from right to left. The same effect may be 
obtained by the addition of small amounts of 
steam to the inlet water-gas, which will produce 
COj by the “water-gas” reaction. However, 
since COj and steam are the products of reduc- 
tion of the iron mass, this method of preventing 
carbon deposition will slow dowm the rate of 
reduction, and its application is therefore limited. 

The various proprietary plants operating the 
process differ chiefly in the methods of heating 
the iron mass. The simplest is the Lane process 
in which the iron ore is contained in vertical cast 
iron or mild steel retorts arranged in a heating 
furnace. A bench of such retorts is usually laid 
out in groups of retorts so that one group may 
bo steaming while one or two groups are re- 
ducing. Thus hydrogen production from the 


wards through the outer recuperator where it is 
superheated, and upwards through the iron 
mass, hydrogen passing from the top of the’' 
retort. There is a short purge period. 

The crude hydrogen from an iron-steam plant 
will contain small quantities of HgS (greater if 
the water-gas is unpurified), CO 2 , CO and Nj. 
The HjS may be removed by standard methods, 
and the CO 2 by lime boxes. Fmal purities 
claimed are 99-5-99-75% {Lane process) and 
98 5- j { Messer schmitt). 

Both multi- and single-retort processes have 
similar efficiencies (2 or 3 vol. w^ater-gas per 1 
vol. of Hj). The costs of retort renewal in the 
multi-retort process may be heavy, and it has 
the disadvantage of a large number of hot 
joints. In a single-retort plant the volumes 
requiring purging are greater, and gas purities 
may be expected to be loss than with a multi- 
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retort plant. This is borne out by the figures 
quoted above. 

This process is not used to anything like the 
extent of the WaUr-guM catalytic, electrolytic or 
Linde procesHes. For tJic specific production of 
hydrogt^n for fat hardening it appears to have 
been replaced by electrolytic hydrogen. There 
have been no marked advances in industrial 
plant for a number of years. 

The Liljenrot I'roeess. — In this process, de- 
veloped largely by the T.G., phosphorus is the 
intermediary" when reducing steam. Thus ele- 
mental pliosjdioruH is produced by reduction of 
jicntoxidc by cnrbon in the normal manner, and 
this reacts w'ith steam thus : 

2P h 8H20-5H2+2HaP04 

'J’he reaction is carried out in the presence of a 
cataly st and improvements in the catalyst have 
enabled operating temperatures to be reduced 
from 1,()00'(.'. to 3r>0-4()0°C. Apparently the 


principal technical difficulty in operating this 
process is to avoid the production of phosphine 
and phosphorous acid, and two stages are 
apparently necessary. 

The process was originally developed to allow 
synthesis of ammonia from the hydrogen ob- 
tained. This was to be neutralised with the 
phosphoric acid to give ammonium phosphate, 
a dual-purpose fertiliser. No large-scale instal- 
lations of this process, however, have been 
reported. 

The Si I i CO I Process. — Here the intermediary 
is silicon or ferro-silicon. The silicon reacts with 
alkalis according to the following equation : 

2NaOH4 Si+HgO -Na 2 SiOa+ 2 Ha 

In practice less than the theoretical quantity 
of alkali is required. Where ferro-siUcon is 
employed, the hydrogen yield only approaches 
theoretical when the silicon content is 80-90%. 
The process is exothermic and maintains itself at 


Hydrocarbon Gas 



operating temperature. Careful control of ad- 
mission of ferro-silicon is required to give the 
best results and to avoid carry-over of froth 
from the reaction vessel. 

The process was originally developed during 
,1914-18 for producing hydrogen in the field or 
aboard ship for lighter-than-air craft. For this 
purpose the disadvantage of expensive raw 
materials was more than counterbalanced by 
the following advantages : a simple plant with 
low labour and power requirements, hydrogen 
rapidly produced and reasonably pure, with 
raw materials not excessively heavy or bulky. 
The only recent developments appear to be the 
generation of hydrogen under pressure by this 
rocess, and the development of a dry reaction 
y introducing water in crystaUine compounds 
as, for example, g 3 rpsum. 

The Hydrolith Process. — This was develojied 
for the same purposes as the Silicol process. 
Calcium hydride reacts with water, thus : 

CaHjj-|-2HaO ->Ca(OH)2+2H2 


Commercial calcium hydride 3 ields upwards of 
34,000 cu. ft. of hydrogen per ton. The reaction 
is markedly exothermic. Traces of nitride in 
the hydride lead to the production of ammonia 
which must be removed by water-scrubbing. 
The process is no longer used extensively. 

Literatyre . — For reaction equilibria in the 
iron-steam process, sec p. 310d, also Taylor, 
“ Industrial Hydrogen,” Chem. Cat. Co. U.S.A., 
1921, p. 25. Recent patents are Rogera, B.P. 
249925 and 251124. For the Silicx>l and Hydro- 
lith processes, see Teed, “ Chemistry and Manu- 
facture of Hydrogen,” Edward Arnold, 1921, 
pp. 45, 67 ; also Jaubert, Compt. rend. 17tb 
Congr. Chira. ind. Paris, 1937, 1130. For the 
Liljenrot Process, see G.P. 406411, 409344, 
485068; B.P. 324122, 325533. 

(4) Reduction of Steam by 
Hydbooabbons. 

Gaseous hydrocarbons here replace coal in 
the extended form of the water-gas catalytic 
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process already described. The hvdrogen in 
the hydrocarbons is usefully recovered, and the 
process can be written thus ; 

CH 4 + 2 H 2 O ->C02+4H2 

The reaction is usually carried out in two 
stages, approximately thus : 

(а) CH^+HjO ^=^C0+3H2; A// = 4 Sl Gkg. 
cal. per g. mol. (endothermic). 

(б) CO-+ H20^C02+H2; A/i-.-101kg. 
cal. per g. mol, (exothermic). 

Stage (6) is exactly similar to the second stage 
of the water-gas catalytic process already 
described. 


from acetylene by decomposing with an electric 
spark at 2 atm. pressure. A number of Zep- 
pelins were actually filled with gas thus pro- 
duced, but the process is now no longer used . 

Literature.— The Plant of the Shell Chemical 
Co., California, has been described by Rosen- 
stein, Chem. Met. Eng. 1931, 38, 630. 

(0) Recovery from Commercial Gasses 
BY Partial Liquefaction. 

Gases such as coke-oven gas and water-gas 
contain considerable quantities of which 
may be separated from the remaining consti- 
tuents by the physical process of partial lique- 
lactioii. Two main processes were develojicd 


Since the total read ion is endothermic, the 
higher the temperatures the Iowit the equili- 
brium jiercentagc of hy drocarbon. The reaction 
is therefore carried out at teinjicratun^s above 
about 700°C., over a catalyst w’hich may Imj con- 
tained in tubes of special steel w'hi<‘h retains 
its strength at high temperatures. A typical 
composition for this steel is Cr 24, Ni 20, Mn 
0'7, Si 1*0, C 0-22%. The tubc.s arc contained 
in a brickwork furnace and are externally heated 
by combustion of fuel gas. There is a very ex- 
tensive patent literature covering catalysts for 
this process. Fe, Ni, Ca promoted with Cr, 
V, Ce and K, Mg or At liavo all been proposed. 

The Standard Oil Company’s plant at Bay- 
way, N.J., U.S.A., has a capacity of 300,000 cu. 
ft. per hr. of hydrogen, and operates on refinery 
gases at atmospheric pressures and tem}>eratureB 
up to 1,000‘’C. There is less than 1% uncon- 
verted hydrocarbons in the exit gas. 

Literature. — Ind. Eng. Chem. News Edition, 
1932, 10, 205, describes the Bayway plant. 
Petroleum Zeitschrift, 1932, 28, 10 (Standard 
I.G.) describes an improved type of apparatus 
from which Pigs. 10 and 11 are taken. 

(5) Craokinq of Hydrocarbons, 

Previous to the development of steam reduc- 
tion by hydrocarbons, there was considerable 
activity in the development of processes for the 
production of hydrogen by the cracking of 
hydrocarbons thus : 

CH^-^C+2H^ 

The commercial success of any such process 
appears to depend largely on the value of the 
carbon black produced. There is only one large 
plant reported as operating on hydrogen obtained 
in this manner, that of the Shell Company in 
California. The methane-steam process has 
now clearly superseded cracking where hydrogen 
production is the sole consideration. It should 
be noted, however, that there is very consider- 
able development now taking place in the 
petroleum industry in the direction of catalytic 
dehydrogenation of hydrocarbons. These pro- 
mise to yield substantial quantities of fairly 
pure by-product hydrogen, and although no 
extensive use has yet been made of this source, 
it may become of considerable commercial 
importonce. - 

During 1914-18 the Carbonian Gesellschaft 
developed a process for hydrogen production 
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Gas Gas 


Ftu. II. 

• 

from about 1912 onwards, by George Claude in 
France, and by Linde and Broun in Germany. 
The original mam difference between these pro- 
cesses was the method adopted for obtaining 
the necessary low temperature. Claude used 
expansion of a compressed gas through a 
specially developed engine, which because of 
the low temperatures employed was lubricated 
with liquid nitrogen. Linde and Bronn used 
the Joule-Thomson effect by expansion through 
a porous plug, in actual practice an expansion 
valve. The following is a description of the 
Linde process as applied to coke-oven gas, which 
is the commonest case found industrially. It is 
significant that a number of plants ori^ally 
obtaining hydrogen by the partial liquefaction 
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of water-gas have changed over to the Badische 
process. 

The coke-oven gas is first purified from HjS, 
usually by passage through iron -oxide boxes in 
the standard manner. It is then compressed to 
10-12 atm. and is cooled with anhydrous am- 
monia to about — 45°C., a suitable cold ex- 
changer being provided to economise power. 
This preliminary (ooling effects the separation 
of water, followed by benzol and relatively high 
boiling substances. After warming in the cold- 
exchanger of the benzol removal plant, the com- 
pressed gas is scrubbed with water to remove 
CO - and acetylene, and finally complete removal 
of CO2 iH obtained by scrubbing with caustic 
soda solution, 'i’he compressed gas is then 
cooled by cold exchange with gases coming from 
a colder part of the system, then by anhydrous 
ammonia, and by further cold exchange until 
at a temperature of — 145”C. a fraction condonses 
out whir;h contains practically all the and 

some CH4. The ethylene in this fraction may 

00 



Fig. 12. 


be separated from the methane by further rectifi- 
cation, should it be required for other chemical 
processes. The temperature of the gas thus 
freed from is fiii-ther reduced by cold 

exchange, and final cooling is by liquid Nj at 
— 193°C. when practically all the methane con- 
Vlenses out. In the last stage of purification the 
gas is washed coiinter-currently at 10 atm. 
])reB8ure and — lOO'^C^ with liquid nitrogen, which 
dissolves out the CO and at the same time 
partly evaporates to give the SHg+Nj mix- 
ture required for ammonia synthesis. To obtain 
the liquid Nj, pure compressed Ng from an air 
fractionation plant is supplied at abdut 1 10 atm. 
pressure. This is cooled by anhydrous ammonia 
and then by cold exchange to about — 180°C. 
Finally it is let down through an expansion 
valve when cooling by the Joule-Thomson effect 
causes liquefaction at — 193“C. The Ng which 
evaporates is warmed by coohng the inlet gases 
and passes from the system for recomprossion. 
That poHion of the liquid N j required to scrub 
out CO is let down to 10 atm. only and cooled 


to — lOO^C. with the liquid which has been 
expanded to a lower pressure (Fig. 12). 

The very greatest care is taken to utilise all 
available cold and the latent heat of the con- 
densed fractions, etc., so that all gases pass 
from the system at substantially room tem- 
perature. The 3H2-I-N2 mixture, which is very 
pure, leaves at about 10 atm. pressure. Thus 
all the energy required for supplying cold to the 
system is provided by the evaporation of an- 
hydrous ammonia, and the Joule-Thomson 
expansion of compressed cooled N2. It is usual 
to mix the C2H4, the CH^ and the CO fractions 
(the latter containing considerable quantities 
of Nj), and to return them as a heating gas of 
high calorific value to the coke ovens whence 
the original supply of coke-oven gas was 
obtained. \ 

Plants for the partial liquefaction of coke-oven \ 
gas have also been built by Messer, and are 
apparently somewhat similar in operation to 
Linde plants. 

Literature. — Borchardt, Gas- u. Wasscr-facb, 
1927, 70 , 602, gives description Linde, process, 
analyses of gas fractions and estimated operating 
costs. See also Borcliardt, Chem.-Ztg. 1930, 
54 , 049. For Claude process, U.S.P. 1135365, 
1212455; Claude, Z. angew. Chem. 1930, 43 , 
417. For Messer plant. Van Tterson, Ingenieur 
(Holland), 1932, A, 47 , 427, also Bcithclot, 
G6nie Civil, 1930, 108 , 573. 

(7) Production of Bv-Pboduct IIydbogen. 

In the process of electrotysis of brine to pro- 
duce caustic hckIr, a substantial quantity of 
hydrogen is obtained as a by-product, and in 
many cases this is recovered and utilised. 

Ill the Fernharh or Weizniann process for the 
production of acetone and butyl alcohol by the 
fermentation of maize, a, gas is given off which 
contains about 40% Hg and 00% COg. At one 
plant in the U.S.A. this gas is freed from alcohol 
\'apoiir by active charcoal, and compressed and 
scrubbed uith water until the COg content is 
25®' The gas is tlien used to synthesise 
methanol. 

^CHa-OH f H2O 

The Hiarj process, which is used fairly ex- 
tensively for the production of acetone from 
alcohol, gives by-product hydrogen by the 
following reaction : 

2C2H50H-f-H20 

->CH3 C0 CHg-f C02f4H2 

Literature. — By-product hydrogen from Fern- 
bach process. Anon., Chem. Met. Eng. 1930, 37 , 
648. Hakonyi, Chem.-Ztg. 1926, 50, 267. 

Woodruff, Ind. Eng. Chem. 1927, 19 , 1147. See 
also Vol. V, 44a. 

Costs of Commercial Production. 

It is difficult to give generalisations on the 
relative costs of hydrogen by the processes 
already described, because the cheapest process 
for any particular requirement will depend on a 
number of circumstanc/es, and each individual 
case must be considered on its merits. This is 
clear from the fact that the various processes 
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already described do actually operate in com- 
mercial competition. If any one process were 
overwhelmingly cheaper under all conditions, it 
would supplant all others. Cle4irly the main 
factors affecting the choice of process will be 
(a) the raw materials available, (6) the cost of 
power, (c) the purpose for which the hydrogen 
IS to be used, (d) the quantity required. Taking 
these factors in turn, the following examples are 
illustrative : 

(а) Where brow’n coals or lignite are available 
and coke is expensive, oikj of the coal-gasifi- 
cation processes worked in conjunction with the 
Badische process, as described above, is likely 
to be favoured. Thus in Germany the l.G. use 
the Winkler process extensively, and there are 
Didier plants jiroducing Fischer synthesis-gas | 
(aee later). In Hungary the ammonia plant at 
l*etfurdo has a Didier plant operating on lignite. 
Where large quantities of surplus coke-oven gas 
are available, e.g. in Hclgium and Holland, the 
partial liquefaction processes {Claude, Linde or 
Messer) are widely employed. At oil wells, 
refineries, and coal- or oil-hydrogenation plants 
the availability of surplus hydrocarbon gases has 
favoured reduction of steam with these gases to 
produce all or part of the hydrogen required for 
hydrogenation. 

(б) Ample and cheap electric power will favour 
the electrolytic process. Thus Norway has a 
large synthetic ammonia plant operating on 
electrolytic hydrogen from hydro-electric power, 
and this method was proposed in recent schemes 
for harnessing the Aswan Dam in Egypt. How- 
ever, to be economically attractive in competition 
with the water-gas catalytic oi partial liquefewiion 
processes, the power must be very cheap indeed, 
i’olhtt has shown that with power at 0 C)7d. per 
kw.h., electrolytic hydrogen will compete with 
other processes. The high capital cost of elec- 
trolytic and ainmonia-synthesis plant precludes 
the erection of plant operating only on off-peak 
or seasonal power. 

(c) For reasons already given, CH^ is objec- 
tionable in gases to be used for ammonia syn- 
thesis. This consideration will militate against 
the use of the coal -gasification processes, or 
steam reduction with hydrocarbons, except in 
cases where the decomposition of CH^ is very 
complete. For Fischer synthesis the necessity 
for a very low CH^ content does not hold, and 
thus coal-gasification processes are frequently 
employed. For fat-hydrogenation extreme 
purity is essential, hence electrolytic hydrogen 
is favoured. 

{d) The largest synthetic-ammonia plants 
operate on coke by some form of the water-gas 
catalytic process. Two factors can explain 
this : (1) Coke is usually available in larger 
quantities than say coke-oven gas. Where the 
latter is used, the amount of hydrogen which 
can be made is regulated by the output of the 
coke ovens, in its turn depending on the market 
for coke. Thus an absolutely assured supply of 
gas may be difficult to obtain. (2) The water- 
gas catalytic process is more easily adapted for 
large-scale production than most of the other 
processes. A large number of the smaller S 3 m- 
thetic-ammohia plants use partial liquefaction of 
coke-oven gas to supply hydrogen, but the 


major factor in deciding this is probably (a) 
above. There is no reason to suppose that this 
process is particularly adapted to small and 
intermediate hydrogen outputs. For very small 
outputs such as those required for the hydro- 
genation of fats, and where the hydrogen cost 
is not a big factor in the total cost of the product, 
the electrolytic or iron-steMm processes may be 
employed in spite of their high operating costs. 

One estimate of the relative importance of 
the various processes gives the percentages of 
the world’s total hydrogen production as fol- 
lows : Water-gas catalytic and related processes 
65%, partial liquefaction 2(1%, electrolysis 16%, 
all other methods 3%. 

Literature . — For a comparison of electrolytic 
and water-gas catalytic processes, see Pollitt, 
Trans. 2nd World Power Conference, Berlin, 
1931, 2 , 145. For estimated cost of stages of the 
water-gas catalytic process, sec Laupichler, 
Chem. Met. Eng. 1936, 43, 122, and Gas World, 
1936, 105 , 71 . For cost of electrol 3 rtic hydrogen, 
Zdansky, Chem. Fabrik. 1933, 49, and of Linde 
process, Borchardt, Gas- u. Wasscrfach. 1927, 28 , 
1, and Metallborse, 1930, 20 , 1856. For cost of 
Fischer synthesis gas by a number of processes, 
see Schultes, Gluckauf, 1936, 72 , 273. 

TECHNICAL USES. 

The relative importance of the various com- 
mercial uses for hydrogen may be illustrated by 
the following figures api)lying to the U.S.A. for 
1938. Of a total consumption of about 26 x 10* 
cu. ft., approximately 66% went to ammonia 
synthesis, 19% to synthetic methanol, 9% to 
technical tsooctanc, and 6% to petroleum hydro- 
genation. No data are available for Europe, 
but the relative orders of nnportanco would 
probably be (1) Ammonia product! f)n, (2) Motor 
fuel production including hydrogenation, (3) 
Synthetic alcohols production, (4) Other uses. 

(1) Synthetic Ammonia (sec Ammonia, Vol. 
I, 331d). — The sources of the hydrogen used in 
world production of synthetic ammonia are 
approximately as foUows : Water-gas catalytic 
52-4% ; partial liquefaction coke-oven gas 
21-1% ; electrolysis of water 17-0% ; other pro- 
cesses 1-5%. 

(2) Motor Fuels (see HvDBoaENATiON or 
Coal). — This reprcHcnts one of the most recent 
developments in the commercial use of hydro- 
gen. it includes hydrogenation of bituminous 
and brown coals, cool distillation products, 
petroleum and petroleum residues, and hydro-« 
carbon synthoHis by the Fischer -Tropsch process 
which may be represented : 

nCO-|-27iHj (CHj)nH-wH,0. 

There are a number of Fischer -Tropsch and 
brown coal hydrogenation ])lantH in Germany. 
In England the l.C.l. plant at Billingham, Co. 
Durham, hydrogenates bituminous coal and 
creosote oil. In Italy there are plants hydro- 
genating Albanian crude oil and petroleum 
residues. In America plants at Baton Rouge 
(Louisiana) and Bay way (N.J.) have been used 
for hydrogenation of gas oils and for the pro- 
duction of special types of lubricants by hydro- 
genation. A recent development is the pro- 
duction of the high-efficiency aviation fuel iso- 
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octane by the hydrogenation of woocteno. 
Since in fx^troleiini rcfincncH tlure are usually 
available conBidcrable quantities of surplus 
hydrocarVion gasi'S, these are gnuTally uned to 
reduce stetam for the. jiroduction ol hydrogen. 

(3) Synthetic Organic Chemicals {see Cata- 
LYSiH, Vol. 11, 42r>r). — The most jinpoilant pro- 
duct in this class is undoubtedly methyl alcohol 
or methanol produced by the n'lietum : 

CO^ 2 H 2 CH 3 OH 

Recently there has been considerable expansion 
in the BynthesiH ol’ highe r ah^ohols by aiuilogouH 
processes. Water-gas jmrtly converted wilh 
steain to give the n'quired H 2 :CO ratio is the 
coiumoiiest starting material, but coke-oven gas 
partly burnt with air has also been iiroposed. 
3'ho gases remaining after jiassage through a 
methanol converter are then used lor the 
syii thesis of ammonia. 

(4) Fat Hardening {see Hardenep ok 

UYOHnOENATED FaTTY OlLS). 

(5) Lighter-than- Air Craft. — Tin* develop- 
ment of the airshi]! has been impeded by a 
number of scricuis accidents and by the per- 
fection of the aeroplane. Never theh'ss for a 
number of specialised purjioses ligliter-than-air 
craft are still used. For instance, protection of 
objectives from attacking aircraft is seciircd by 
a number of lialloons moored by cables (the 
balloon barrage). The hydrogen is then re- 
quired in eomparatively small (juantities over 
widely distributed areas, and the devtdopmeiit 
of relatively light-alloy steel eylituh'rs has chiarly 
helped t'onsiderably in th(‘ solution of this 
problem. The (Iraf Zeppelin (Nu used small dec- 
trolytic hydrogen jilaiits nt its various base's for 
replacement of the hydrogen losses. 

(G) Heating and Welding. — The intense 
heat of the oxygen -hydrogen flame enables it to 
bo used for autogenous welding and the flnmc- 
cutting of steel plate. Tor this reason also, it 
was once employed for producing an inleiiBc 
light for cinema lanterns, etc., by healing lime 
to incandescence. The devclojunent of the elec- 
tric arc and special forms of fdaiiieiit lamp has 
completely superseded “ limelight,” and for 
welding, acetylene is generally preferred because 
it is easier to generate in small quantities, is 
easily stored under pressure in acetone (dis- 
solved acetylene) and the oxy -acetylene flame 
is hotter {see Acetylene, Its Use in Indu.stry, 
Vol. I, 111). For some purposes, however, the 
rarbon in acetylene is objectionable, and for 
welding of aluminiuin on platinum, for the fusion 
of quartz to give artificial gems, and for certain 
cutting operations the oxy-hydrogen flame is 
still employed {see Gems, Ahtificial). 

In welding with the electric are, hydrogen has 
two uses. It can be used to shield the are, thus 
preventing the formation of oxides or nitrides 
of iron, or by passing hydrogen through an arc 
formed between two tungsten electrodes, it can 
be dissociated to atomic hydrogen. Molecular 
hydrogen re-forms 6-10 mm. from the arc with 
evolution of intense heat. An alternating cur- 
rent arc is usually employed, and the tempera- 
ture thus obtained is probably above 3,760'’C. 
The development of covered electrodes for ordi- 
nary electric-arc welding has prevented any 


great extension of the use of hydrogen for 
shielding welding work from atmospheric attack, 
but for certain specialised purposes, e.g. the 
w elding of thin sections, atomic-hydrogen w eld- 
ing is still fairly extensively employed. 

(7) Bright Annealing. — Mctalflc objects 
may Im' annealed in an atmosphere of nitrogen 
or iiydrogen or mixtures of these gases, when it 
is desired to avoid the formation of an oxide 
scale which must otherwise be removed by 
“ pickling ” in the usual manner. This process 
18 termed ” bright annealing ” and it may 
actually be extended to de-sealing, but in such 
ea8e.s the finely divided metal on the surface 
of the object treated gives a matt and not a 
luiniished finish. A good example of bright 
annealing is in the ])rorluetion of motor-ear lamp 
n^flectors. The brass pressing is so deep that 
it must be done in stages, and bright annealing 
IS carried out lietwcen each stage. When using 
hydrogen for the bright annealing of steel part^ 
deearbiiriRation of the surface may result. If 
this is objectionable it can be prevented by the 
introduction of a suitable quantity of hydro- 
carbons into t)ie reducing atmosphere, 

(8) The Production of Metals. — Hydrogen 
IS extensively used for the reduction ol metallic 
oxides, f g. in the production and working of 
tungsten and molybdenum. Jt can also be used 
in the }>roduetion of metallie magnesium by 
reduction of the oxide with carbon. It the CO 
and magnesium vapours issuing from the re- 
duction fiimncp are cooled slowly, the reverse 
reaction to tliat taking place in the furnace will 
occur, resulting in the production of carbon and 
magnesium oxide. This can be prevented by 
rajudly chilling the gases issuing from the 
furnace w ith a blast of cold Iiydrogen. 

Literature. — iSynthesis of alcohols, Natta, 
Gsterr. Clicm.-Ztg. H)37, 40 , 162. Atomic 
hydrogen welding, W'einman and liangmuir, 
Gen. Electric Review^ 1926, 29 , ICO; Miller 
and Deglon, Sheet Metal Industries, 1934, 8, 
131 , 189, 252 ; Guest, Metal Treatment, 1936, 2 , 
17. 

TECHNIQUE AND TRANSPORT. 

Hydrogen Attack on Steel. —Compressed 
hydrogen can cause fissuring and a severe reduc- 
tion of the tensile strength and impact value of 
steel. Under some conditions this may occur at 
relatively low temperatures, e.g. 150-200°C. 
The effect is due mainly to decarburisation, but 
m some cases deterioration of the properties of 
the steel takes place before deearbunsation and 
the effect is then due to hydrogen adsorption. 
In general nickel-chromium-molybdeniim steel 
alloys are more resistant to attack than mild 
steel, but in all cases careful heat treatment is 
required to obt ain the best service. 

Literature. — Inglis and Andrews, J. Iron and 
Steel Inst. 1933, 127 , 2, 383. BaukJoh and 
Guthmaiin, Z. Metallk. 1936, 28 , 34, describes 
also the effect of hydrogen on Cu, Ni iind Al. 

Hydrogen Transport. — During the lost few 
years the difficulties of transport of all com- 
pressed gases, including hydrogen, have been 
to some extent reduced by the development of 
relatively light cylinders of special alloy steels. 
One very convenient form in which hydrogen 
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may be transported is as liquid ammonia. 
Passage of ammonia gas at low pressures over 
catalysts similar in typo to those used for the 
ammonia -synthesis reaction and operating at 
about 0OO°C. results in practically complete 
(99*5%) decomposition to Nj+SH-. The space 
velocity employed is about 500 cubic metres of 
gas per hour per cubic metre of catalyst. A 
100 lb. cylinder of anhydrous ammonia contains 
the equivalent of 3,400 cu. ft. of hydrogen, and 
for a largo number of purposes, e.g. bright an- 
nealing, the presence of 26% nitrogen in the 
hydrogen obtained is of no serious consequence. 
The apparatus for decomposing the ammonia 
is usually termed an “ ammonia cracker.” 
“ Cracked ” methanol, which is a 2:1 mixture of 
hydrogen and carbon monoxide, can also be used 
for a number of purposes, although the presence 
of carbon monoxide limits its applications as 
compared with ” cracked ” ammonia. 

Suggestions have been made to transport 
hydrogen as a liquid at 1 atm. absolute pressure 
in heat -insulated containers. Liquid oxygen is 
transported by such methods, but liquid hydro- 
gen in (iomparison has a number of very serious 
disadvantages. The temperature is — 253°C., 
the specific gravity only 0-07, and problems of 
transport are complicated by the continuous 
evolution of an inflammable gas, due to heat 
leaks into the container, and the exothermic 
change from ortho- to para-hydrogen which takes 
place at low temperatures. 

Literature . — Ammonia Crackers, B.P.473696. 

H. S. C. and P. IT. S. 
HYDROGEN ION DETERMINA- 
TION. The relative acidity of an aqueous 
solution is the most important single factor 
determining its properties and reactions. This 
” acidity ” is measured by the concentration 
of hydrogen ions in the solution and, since this 
quantity may vary over a very wide range, it is 
convenient to express it on a logarithmic scale. 
The convention, that is now always followed, 
was introduced by Sorensen (1909) who used the 
term and defined it by the following expres- 
sion : 

loPio-jH+j or i>n=- 

w'here [H^] is the hydrogen ion concentration of 
the solution. It is now known that these ions 
are hydrated and they would be written more 
correctly as HjO'*', but as it is still customary 
to represent them as H this simpler practice 
will be followed. 

A perfectly pure sample of water will be 
neutral but it still has some electrical conductivity, 
indicating that there are charged particles (ions) 
in solution. In this c^se they are hydrogen and 
hydroxyl ions, formed by the dissociation of the 
water, 

and they must be present in equal concentra- 
tions. If by any means the hydrogen ion con- 
centration is made larger than that of the 
hydrozyj the solution is said to be acid while, 
if the converse is the case, the solution becomes 
more alkaline as the excess of hydroxyl ions 
increases. The electrolytic dissociation theoiy 


indicates that the product of the concentrations 
of these two ions is a constant which is known 
as the ionic product for water. This quantity 
has been measured and at 25*^0 . is equal to 
1-42 X 10-14 

when concentrations are given in gram ions per 
litre. The quantit}’’ changes with temperature 
and at 22*^0. is equal to 

lOlx 10-14 

and at room temperature the following expres- 
sion is nearly correct : 

[H+][OH-]=10 14 

If the hydroxyl ion concentration is measured on 
the logarithmic scale, defining puu in a fashion 
analogous to Ph, one can write 

log,o[H^]-Hogi„[OH J—J4 login I0»-14 
or ?>Hl-i'on=-14 

Hence the acidity or alkalinity of any aqueous 
solution can be expressed m terms of cither p^ 
orpoHJ if the p^ is greater than seven the solution 
IS alkaline and if smaller it is acid. The measure- 
ment and control of the above quantities are 
important whenever an aqueous solution is used 
and it is therefore not surprising that p^ measure- 
ments are employed in the most diverse types of 
industrial processes, among which arc the refining 
of sugar, the manufacture of sweets, the tanning 
industry, brewing, medicine, bacteriology and 
the preparation of pharmaceutical products. 

The Hydrogen Electrode is the ultimate standard 
to which all determinations of p^ are referred. 
Finely divided platinum or indium is able to 
act as a catalyst by means of which hydrogen 
gas can be converted reversibly into hydrogen 
ions, according to the equation 

Hj(BaB)^2H^+20 

and when a plate, covered with platinum black, 
is lowered into a solution that has hydrogen gas 
above it the above reaction wiU tend to take 
place. The metal plate will take up the free 
charge, indicated by 0 , until the electric 
potential between the plate and the solution has 
built up so as to prevent further change. This 
potential is a measure of the tendency of the 
hydrogen gas to split up into ions and pass into 
the given solution, and any practical apparatus 
for this measurement can be called a hydrogen 
electrode. It can be showm that, if the hydrogen 
gas is at one atmosphere and the potential of ^ 
the electrode is E volts, the following relationship 
holds : 

E=.-i^log.[H+J 

where T is the absolute temperature, F the 
Faraday and R the gas constant. Or at 1 8°C. 

E=-0 068 logioCH-^], *.e.PH=o:^ 

In order to measure the potential between the 
platinum plate and the solution the latter must 
be connected to the measuring instrument. This 
is done by means of another electrode system 
where there is a solid conductor in contact with 
a solution. A second potential difference is 
thus involved which must be as constant and 
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reproducible aa possible in different apparatus, up standard cells in a similar fashion with 
The calomel half-element is the device that is solutions that are respectively Y/10 or saturated 
normally used, it consists of a layer of pure with potassium chloride ; the E.M.F.’s of these 
mercury connected with the jiotentioractcr by a cells at 25''C. are +0-3341 and 0-2420 volts 
platinum wire fused through the bottom of the respectively and their temperature coefficients 
vessel. The mercury is covered with a solution —0 00070 and —0-00076 volts i)er °C. {aee 
of normal potassium chloridf‘ that has been I^ewis, Brighton and Sebastian, J. Amer. Chem. 
saturated with mercurous chloride, the excess of Soc. 1917, 39, 2246 ; Randall and Young, ibid. 
which forms a thin layer on the surface of the 1928, 50, 989 ; D. A. Macinnes, “ The Principles 
metal. Provided that the calomel half-element of Electrochemistry,” Reinhold, New York, 
has lM3en set up with pure chemicals the E.M.K. 1939, p. 247). 

between solution and mercury is -}-0 2810 volts Contact between the potassium chloride solu- 
at 26'^’C. woth a temperature (oefficieiit of tion and that around the hydrogen electrode is 
—0-00024 volts per ‘'C. It is possible to make normally made through a fl -shaped capillary or 



quill tubing salt bridge ” that is filled with 
either saturated potassium nitrate or saturated 
potassium chloride solution. A typical set up 
of a hydrogen electrode and calomel half-element 
is shown in fig. 1. The E.M.F. of the complete 
cell is measured with a potentiometer and a 
high resistance galvanometer using the usual 
Poggendorff method; the pu of the solution 
around the hydrogen electrode is calculated from 
the following expression : 

E.M.F. — E.M.F. 

, observed calomel electrode 

-loglo[H+]=i>H = 


The hydrogen electrode has certain limitations 
which restrict its use and may introduce errors. 
One of the most serious of these is the ease with 
which the platinum black adsorbs “ poisons ” 
w'hich prevent it acting efficiently as a catalyst 
for the interchange of hydrogen ions and hydro- 
gen gas. Arsenic, hydrogen sulphide, mercury 
and certain organic dyes are common materials 
producing this trouble, which manifests itself 
by abnormal values and by a tendency for the 
measured to change erratically with time. 
A further difficulty is introduced by the possible 
interaction of the hydrogen, which is in an active 
condition on the platinum surface, with any 
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reducible substance in the surrounding solution. 
Strong oxidising agents, salts of easily reduced 
metals, or organic compounds will consequently 
interfere with the functioning of the electrode, 
and it should never be used in their presence. 
The Pj, of such solutions may be found by one 
of the secondary methods : i.e. by a comparison 
of the unknown solution with one whose pu 
is known from hydrogen electrode measure- 
ments. 

Colorimetric Methods provide a very simple 
and convenient way of effecting this comparison. 
A suitable indicator is added to the solution and 
the colour compared with the shade that it 
assumes in a series of solutions whose p^ values 
are known. The simplest form of apparatus for 
this purpose is shown in lig. 2. It consists of a 
block of wood, or other suitable material, e.g. 
bakelite, in which six holes are bored so that 
test-tubes can be slipped into them. Slits are 
cut in the block through which the colour of the 
light that passes through each of the three pairs 
of tubes in the direction of the arrow can be 
compared. 

The middle pair of tubes contain the solution 
to be tested with a little of the indicator added 
and plain water respectively. Kach of the outer 


ABC 



D E F 

Fio. 2. 


pairs of tubes contain rcMpcctivcly the test solu- 
tion without indicator and a solution of known 
2*11 containing an equal concentration of indicator. 
The tubes of known am changed until the 
colours oliscrvcd through the slots match, or if 
that is impossible, a slightly hghter colour is 
observed on one side of the test solution and a 
darker colour on the other. The pjj of the 
solution can then be said to be between those 
of the two standards and a visual estimate of its 
value can bo made. The procedure described 
comjiensatcs for any colour in the test solution 
unless this is very strong, m which case the 
colorimetric method is not applicable. 

Provided that the indicator and conditions 
are standardised it is possible to replace the 
tubes containing the indicator and standard 
solutions with coloured glass which is not sub- 
ject to change and deterioration. A number of 
convenient types ot apparatus, “ comparators,” 
are now on the market in w Inch a series of glass 
discs are suitably mounted —generally in a ring 
so that one after the other is compared with the 
unknown solution until a match is obtained. 

When solutions of knowm pn have to be made 
up it is obviously desirable that their hydrogen 
ion concentrations shall be practically unchanged 
by the addition of other substances. For 
VoL. VI.— 22 


example, they must change as little as possible 
owing to the absorption of alkali from a glass 
vessel, or carbon dioxide from the air. Solutions 
that have a reserve acidity or alkalinity so 
that the hydrogen ion concentration changes 
but slightly on dilution and on the addition of 
acids and alkalis are called “ buffer solutions.” 
They are generally made by mixing a weak acid 
or base wuth a solution of one of its salts, the 
effect of which is illustrated by the following 
figures. If 1 c.c. of normal hydrochloric acid 
is added to 100 c.c. of water thepu changes from 
7 to 2, i.e. f) units. A 0 0250 molar potassium 
dihydrogen phosphate solution which is also 
0 0411 molar with respect to disodium hydrogen 
phosphate also has a Ph of 7, but wdien 1 c.c. of 
normal acid is added to a corresponding volume 
the Ph is only reduced to 6-75. 

A large nunil>er of buffer solutions arc avail- 
able, most of them covering a range of 2-3 Ph 
units, llritton and Robinson (J.P.S. 1931, 
1456), however, have described a “ universal 
buffer solution ” which w^orks from pji 3-5 to 9. 
It is prepared by taking a iV/36 solution of 
hydrochloric acid and adding sutlicient potas- 
sium dihydrogen phosphate, citric acid, boric 
acid and veronal so that w'hen they are dis- 
solved the solution is iV/35 with respect to the 
replaceable hydrogen of each of them. Then if 
X c.c. of pure carbon-dioxidc-free iV/2 caustic 
soda solution is added to each 100 c.c. of the 
above solution the p^ of the resulting mixture is 
given by the expression pu 2-()86 p0-0853a:. 
l*rovided the chemicals are pure tlusse figuri'S 
should be correct to 0 02 of a unit of pn- 

The colorimetric mcthofl has many advan- 
tages ; it is rapid in action, uses only simple 
apparatus and can be readily adapted to 
specialised needs. For example, it can be used 
with very small quantities if the liquids to bo 
compared are contained in capillary tubes. 
These advantages should not cause errors to 
wliich the method is subject to be overlooked. 
The indicator used has its own acidic projierties 
and if the solution to be tested is not buffered 
its pu may be changed appreciably when the 
indicator is added. This effect is called “ the 
acid error ” ; and it may be ehm mated by first 
making a rough determination and then buffer- 
ing the indicator so that it is approximately 
isoelectric with the test solution. This mixture 
is then used for a more accurate determination 
of the p^|. Errors may also be introduced when 
certain other materials are present in the solu- 
tion ; these are commonly known as “ salt ” or 
” protein errors ” and they may become very 
large indeed under unfavourable conditions. 
Thus a 0 01 A-hydrochloric acid and 0-29 
potassium chloride solution has a pu of 2*05, 
but the value determined with Methyl Violet is 
1-91, with Methyl (Jreen it is 1-82, while with 
Tropseoline 00 it is 2 02. Similarly a dilute 
sulphuric acid solution containing egg albumin 
gave a pjj value of 2-49 with the hydrogen 
electrode, but oolorimetrically it was 2-53 using 
Methyl Violet and of the order of 5 0 using Congo 
Red. The indicators recommended by the 
manufacturers to cover a given Ph range are 
normally those which give as small a salt and 
protein error as possible. 



;j38 HYDROGP^N ION 

The Quinhydrone Khch uda ih the most com- 
mon method of meiiHuniif^ pn by a potentio- 1 
metric procedure. 'J’hc condition.s lor the use 
of the electrode were first uork(*d out by E. 
Hiilmann (Ann. Ghirii. 1921, fix|, 15 , HMl; 1921, 
fix], 16 , 321). Later the eledrode Mas studied 
111 detail by Li vjiif/.stoiie, Moi^am and eolla- 
borutors (,1 Ariier. riicin. iSoc. 1931, 53 , 454, 
597 and 2154, idem , ihid. 1932, 54 , 910) who 
eojilirmed the earlier work sliowin^ that the 
ele(!trud(' is quiekl\ and easily prepared, develojis 
its potential very quickly, is not atfeeted by 
at nioHjilierie pre.ssuie and, since it does not 
require a to be bubbled through the solution, 
can be used lor M'ork on body fluids containmg 
(arlion dioxide. Yo set up an electrode it is 
only neiessary to immerHc a bright platinum 
plate in the test solution, to which a little quin- 
liydronc lias beiai added, and then measure the 
E.M.1'\ between the plate and solution, employ- 
ing a standard calomel half-element in an 
identical IVishion t/O that used for tin; hydrogen 
ehatrode. It is best to have the platinum plate 
on a long length of plat inum wire ; if this is 
iinpoH.Miblc and the wire is sealed through glas.s 
which is in contact with the solution great care 
nnist be taken that the seal is a perfect one oi 
considerable erior may be introduced. The 
eleitrode should be cleaned in boiling cleaning 
mixture, allowed to ('ool, washed in a stream of 
tap winter, then in distilled waiter and aftci 
rinsing in alcohol allowed to dry. With ordinary 
lalioralory apjiaratus satisfactory results are 
obtained with an cilectrode- that is 1 cm. square 
or larg(‘r. The (‘lectromotive force E taken up 
by the platinum with respect to the solution 
vmII be determined by the folloM'ing eipiation. 

C«H,02 1 2H ' 4 20-C„H4(OH)2. 

The concentiations of quiiione and liydro- 
quinone are the same, since tlie}/^ are introduced 
as the inoleiular compound quinhydrone and 
the only other variables are the hydrogen ion 
concentTation and the tendency of the solution 
to give up electrons. Consequently E should be 
a function of the hydrogen ion concentration 
and it is found that 

at 20"C. K 0-7044 f 0-05SI logj„| H '] 

and at 25 C. E 0-0994 10 0591 log^oLH ► J 

Lor precision work a saturated solution of the 
(piinhy drone is employed but in works control, 
where tlu're is a continuous recording of pji and 
coats become important, it is possible to reduce 
the concentration to 1 part in 10,000 and still 
obtain an accuracy of -t-0 05 units (C. C. 
Coons, Ind. Eng. Chem. [Anal.], 1931, 3 , 402). 

The chief disadvantage of the quinhydrone 
electrode is that it is unsuitable for use above 
p^ 8-5, where the acid character of the hydro- 
quinone begins to manifest itself and hence there 
is a tendency for it to react with the solution ; 
the atmospheric oxygen also begins to attack 
the qumh 3 ^drone at about this pu value. 

The errors introduced by salts have been 
studied by Biilmann {lx.) and also by Hovorka 
and Dearing (J. Amer. Chem. Soc. 1935, 57 , 446). 


DETERMINATION. 

The magnitude of the errors to be anticipated are 
shown by the following figures : 


Salt concentration. 

Error In pu measured 
by the quinhydrone 
electrode. 


N 

unit of Pn 

NaCI . . 

0-4 

-002 

KCI . . 

20 

-^-009 

MgS 04 . 

10 

-t-002 

(NH,),SO, 

0-5 

-^-0019 

,, 

1-0 

-1 003H 


20 

+ 0-078 


It will be seen that the results for ammonium 
sulphate indicate that the error is nearly pro- 
portional to the salt concentration. This 
relationship was also found with the errors 
introduced by other salts. If the concentratton 
is not large the salt and protein error can 'be 
neglected for most piactical jnirposes. ' 

The Glass Electrode has m recent years foui^d 
inereasing use, especiall^'^ m physiology and bio- 
ehemistry. Its popularity is due to the pro- 
duetion of suitable c4(‘(‘trode.‘< and measuring 
iuHtruments as standard eommercial articles. 
Earlier work was ham}>ercd by thi' difficnltj’^ of 
E.M.l' measurements through the high resist- 
ance of a glass diaphragm, but tliis has been 
overcome by the use of special glasses that have 
a minimum electrical resistance and b^" the 
chc-ap pioductioii of wireless valves that ean be 
made to uoik as voltmeters even when the 
external resistranee is high — a hundred megohms 
OI more. It must be realised that there is no 
satisfactory thoori'tieal relationship between a 
glass elcM-trode and a solution of given pu, but 
thaf- it does serve as an method of comparing a 
senes of solutions In practice the electrode is 
siandaiclised against a known buffer whose p^^ 
is as near as jiossifile to that of the unknown 
solution. 

The most common form of glass cdectrode is a 
thin-w ailed bulb a few cemtimetros in diameter 
which contains an acid solution saturated with 
quinli^^drone into which a platinum wire is 
(lipping. The tube is gcuierally^ sealed off and 
consccjueiitly the external lead is connected to 
one side of the glass diaphragm under constant 
conditions. This bulb is then dipped into the 
test solution and the circuit completed W'ith a 
calomel haU* element in the usual manner. It is 
then found that the E.M.E. of the bulb with 
reference to the solution varies with its hydrogen 
ion concentration in the p^, range of 2-8 units 
and ean lie represented by the familiar type of 
formula in which E^ is the E.M.F. that the 
electrode would take up in a solution that is 
normal with respect to hydrogen ions and Ir is 
a constant. 


The most suitable glass available for the con- 
struction of electrodes contains 72% SiOj, 
22% Na^O and 6% CaO and is known com- 
mercially as Coming 015 glass (see Hughes J.C.IS. 
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1928, 491 ; l>ole et al., J. Amer. Chem. Soc. 1930, 
52 , 29 ; Trane. Electrochem. Soc. 1937, 72 , 129; 
Gardiner and Sanders, liid. Eng. (^hem, 
[Anal.], 1937, 9 , 274). 

Even when the glass electrode is properly 
made it is necessary to watch for irregularities 
that may be introduced by dissolved salts and 
organic materials. Considerable work has been 
carried out to find the conditions under which 
these errors become pronounced. In general it 
may be said that the greater the salt concentra- 
tion the low^er the at winch the electrode will 
function satisfactorily. Eor example, in the 
presence of O-l A^-sodium chloride the electrode 
IS satisfactory up to jijj 10-5, but with a normal 
solution the errors become serious at above 8-5. 
Sef Gardiner and Sanders (lx.). 

As the temperature is increased the difficulties 
in using a glass electrode arc greatly increased. 
The deviations become very much larger, also 
the readings obtained are not consistent and 
consequently, unless special precautions are 
taken, the glass electrodi^ should not be used 
above A further difficulty is that the 

glass used is of the soft variety and, if the teat 
solution IS unbuffered, sufticient alkali may be 
taken from the glass to effect a considerable 
change in the pji {nee Humphreys, Chem. and 
Ind. 1939, 58 , 281). In spite of its errors the 
glass electrode provides a very convenient 
mechanism lor investigating the of solutions 
where other methods are impossible. It is not 
affected by oxidising or reducing agents, it docs 
not introduce salts or other obnoxious materials 
into the specimen to bo tested and the electrode 
does not deteriorate with time ; moreover the pji 
range 5-7 in which the ekjctrode functions best 
is the one which includes most biological fluids. 
Hence it is not surprising that the electrode is 
much used especially where Bjiccd rather than 
extreme accuracy is rcipiired. 

7'he Antimony Electrode is sometimes used 
when a rough comiiarison of the of similar 
solutions IS reijuircd. It consists of a rod of 
antimony covered with a superlicial layer of 
oxide by atmospheric oxidation. It is claimed 
that greater uniformity is obtained if the metal 
is CO veered w'ith a layer of sulphide (Ball, Schmidt 
and Bergstresser, Ind. Eng. Chem. 1934, 6, 
I Anal. J, fiO; Jiall, Trans. Eleetrochem. Soc. 
1 937, 72, 235) , the general conditions for its 
use have not been sufficiently worked out, and 
it is not recommended except when cheaj»ne8S 
and simplicity arr the all important factors. 

Bibliography. — Britton, “ Hj'^drogen Ions,” 
Chapman and Hall, 1932; Clarke, ” The Deter- 
mination of Hydrogen Ions,” 3rd cd , Williams 
and Wilkins, 1928; Jorgensen, “Die Bestim- 
mung dcr Wasserstoffic-nen-konzcntration und 
deren Bedcutung fiir Tcchnik und Landwirt- 
schaft,” Theodor Stcinkopfl', Dresden, 1935; 
Macinnes, “The Principles of ElcctrocJiemistry,” 
Reinhold Publisliirig Corporation, New York, 
1939. 
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HYDROGEN OVERPOTENTIAL (v. 

Vol. HI, 3765). 

HYDROGEN PEROXIDE. History.— 
Hydrogen peroxide, H202« was discovered in 
1818 by Thenard (Ann. Chim. Phys. 1818, [ii]. 


8 , 306; 9 , 51, 94, 314, 441) who obtained it by 
the action of acids on barium peroxide. Thenard 
found that the new substance behaved as 
“ oxygenat-ed water,” and established its formula 
as HjOg. He also described many of its cha- 
racti*risti(‘ properties, including the decomposi- 
tion by solid catalysts and by heat, and showed 
that 08 one of the oxygen atoms is only very 
loosely bound the compound is a powiTiul 
oxidising agent. At first hydrogen peroxide 
was obtained only in dilute aqueous solution, but 
it was later found possible to concentrate it by 
evaporation under reduced pn'ssure, and in 
1904 the firm of E. Merck (G.P. 152173) pro- 
duced a concentrated solution iVee from solid 
residue by direct distillation of the solution 
resulting from the action of sulphuric acid on 
sodium peroxide. The imi»ortant clcctro- 
chemu al method of preparation, based on the 
formation of jiersulphuric acid, was patcntiid 
in 1907 (G.P. 217539). Substantially pure 
H2O3 w^as first obtained by Wk)lffensteiii in 1894 
(Bcr. 1894, 27, 3307), and in 1920 Maass and 
Hatcher (J Amcr. (Ikuu. Soc. 1920, 42, 2548) 
starting with a 3% solution prepared ])ure 
hydrogen peroxide by Iractionul distillation and 
evaporation and finally by crystallisation. 

Natural Occurrence. ^ Extremely minute quali- 
ties of H2O2 are said to occur in the atmosphere 
and in natural waters. E. Schone (Ber. 1874, 
7 , 1693; 1878, 11 , 483, 561, 874, 1028) reported 
up to 1 mg. H2O2 per litre in rain water, but 
only 0 05 mg. per litre in dew and hoar frost. 
The atmosphere was said to contain about 
4\ 10"^^^ g. HgOg per litre. Sclibnc and others 
concluded that it is lornied 111 the atmosjihere 
by the action of sunlight. However, much of 
tlu‘ early work on the natural oci urrence of 
traces of HgOg is untruslworthy and lacks 
modern confirmation. 

Similarly, early reports of the occuiTence of 
HjOg in animal and vegetable tissues arc un- 
reliable. However, recent work has established 
beyond doubt the presence oi H2O2 in variou.s 
biological systems. Working with lacitic fermen- 
tation bacteria (which contain no catalase {q v.) 
— the common enzyme which decomposes HgOg) 
Bertho and Gluck (Naturwiss. 1931, 19 , 88) 
claimed to have made quantitative estimations 
of the hydrogen jieroxide produced. Tanaka 
(Biochem. Z. 1925, 157 , 425) identiHed HgOa as 
a primary product of respiration when ('hlorella 
was illuminated. It is generally held that 
hydrogen peroxide is an intermediate product 
in biological oxidations, although usually so 
rapidly decomposed that detectable concentra- 
tions arc not formed. Accorebng to Avery and 
Morgan (J. Exp. Med. 1924, 39 , 275) appreciable 
amounts accumulate in a broth culture of 
Pneuviococxi or of Staphylococci providi^d air is 
present and catalase, peroxydase and other 
enzymes which decompose H2O2 are absent. 
Fromageot and Roux (Biochorn. Z. 1933, 207 , 
202) found that the fermentation of sugar by 
B. bulgaricus is inhibited because of the accumu- 
lation of H2O2. 

Hydrogen peroxide has also been found in the 
fermentation of tea (Biochem, J. 1939, 83, 836) ; 
in leaves of sugar cane (So and Nisioeda, Rept. 
Govt. Sugar Expt. Sta. Tainan, Formosa, 1939, 
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No. 0, o2) ; and in cultures of varioiiH hacteria 
such as Pneumococci (.lohiistone, J. Path. Bact. 
1940, 51, /)9) and hfernolytie Slreplococci (Hadley 
and Hadley, J. Baet.. 1940, 39, 21 ; Proe. Soc. 
Exp. Biol. Med. 1940, 43, 102). 

Fr)ltMAT10N. 

From the Flemvnls or Waicr. — Small amounts 
of hydrofjfcn j)eroxjde have been detected in the 
water formed by the (‘ombuHtion of hydrogen in 
oxygen. Traube (Ber. 1H85, 18, 1890, 1H94) 
und Engler {ibid. 1900, 33, 1109) concluded that 
HgOg Js the primary product of combustion: 
normally, it j.s decomposed at the high tempera- 
ture, but appreciable (piantities can be observed 
if tli(‘ 11,1 nu' is cooled. Lewis and Randall, 
“ Thermodynamics,” 1923, however, calculated 
the th(‘orctical amount of HjOj m the oxy- 
hydrogi'n ilame at 2,000-3,0(10 'K. from the 
therinodynamicH of the reaction ; 

and found that the concentration mu.st be 
iiitinitesimal at that temperature, and, hence, 
the c*onHiderable amounts detected by Traube 
must be lormed in the cooler parts of the flame, 
probably at 500-- 1, 000' C. 

Hydrogeji peroxide is alsri foimed in the ex- 
}ilosion ol hydrogen with excess oxygen ; in a 
spark dis(‘harge under water ; in a silent electric 
discharge through a mixture of water vafunir 
and oxygen ; in a 3'esla discharge in moist air 
and in other similar circumstances. Fischer 
and Wolf (Her. 1911, 44, 2950) succeeded in pre- 
paring a solution of li>(lrog('n ))eroxide con- 
taining H(v9% HjjOg by passing a silent electric 
discharge through a non-exfilosive mixture of 
oxygen and hydrogen (97% Hj, 3% Og) at the 
temperat ure of lupiid air. 

In all tbese modes of formation, the HgOg is 
probably derived Iroiii short-lived atoms, ions 
or free radicals {r.g. OH and HO^) by such 
reactions as ; 

HO2 + Ha H2O2+H 

(For the theory of combustion of hydrogen, see 
Hmshelwood and Williamson, “ The Reaction 
between Oxygen and Hydrogen,” Oxford Om- 
versity Press, 1934.) Atomic hydrogen has 
been used to study the mechanism of formation 
of hydrogen jieroxide (Taylor and Marshall, 
,1. JMiysical (3iem. 1925. 29, 842; Bonhoeffer 
and Loeb, Z, physikal. Ohem. 192G, 119, 385, 
474). More recently, Rodebiish and his col- 
laborators (J. Chem. I’hysics, 1933, 1, 096; 
ihtd. 1930, 4, 293; J. Arner. Chem. Soc. 1937, 
59, 1924) and others have investigated its pro- 
duction Jn an electrodelesH discharge in water 
vapour. 

Hydrogen peroxide is formed in the electro- 
lysis of certain dilute aqueous solutions, but in 
mo.st cases {e.g. wdth dilute sulphuric acid) this 
is not strictly formation from the elements but 
is rather a secondary product from the decom- 
position of per-compoimds {see heloiv). How- 
ever, dissolved oxygen is reduced to H 20 b 
nascent electrolytic hydrogen at a mercury 
cathode (Foerster, “ Elektrochemie wkaseriger 
L5aungen,” 1922, p. 608). A glassy solid 


formed by the action of atomic hydrogen on 
oxygen at —116° may be the isomer 


(Geih and Harteek, Ber. 1932. 65 [B], 1551). 

Detectable amounts of HgOg are formed by 
irradiating pure water containing dissolved 
oxygen with A^-raya or a-, p- or y-rays (Fricke, 
J. Chem. J’hysicH, 1934, 2, 349, 556; Nurn- 
berger, ibid. 1936, 4, 697). Ultra-violet light 
acts similarly in the presence of zinc oxide, 
which behaves as a photosensitiser (Baur and 
Neiiweiler, Helv. Chim. Acta, 1927, 10, 901); 
otherwise very short ultra-violet is needed to 
produce any photochemical reaction. Sonic 
vibrations of frequency 9,000 (Flosdorf, CUiftm- 
hers and Malisofl, J. Amer. Chem. Soe. l436, 
58, 1069) and ultrasonic waves of frequehoy 
540,000 Hz. (Schiilti’s and Gohr, Angew. Chm. 
1936, 49, 420) are said to produce traces of H^^b 
in water saturated with O 2 - \ 

In Oxidation Reactions . — According to Lenh^r 
(.1. Amer. Chem. Soc. 1931, 53, 2420, 3737, 375^) 
hydrogen jieroxide is a sei'ondury product of the 
combustion of hydrocarbons, and it has also 
been tound in the condensate from flames ira- 
])iiigiiig on ice of hydrogen, alcohol, coal gas, 
ether and carbon disulphide (Engler, Ber. 1900, 
33, 1109) and methane (Kiesenfeld and Gurian, 
Z. physikal. Cliem. 1928, 139, 169). 

Hydrogen ya^roxidc is formc'd in certain so- 
called ” autoxidation ” reactions, including the 
alow oxidation of various organic materials such 
as turjientinc in the preseuee of air and w ater 
(Kmgzctt, (^hem. New's. 1878, 38, 224), and w'hen 
finely divided Zn, Mg or A I is shaken with 
w^ater containing oxygen, or with dilute acids 
in the jiresenc e ol air (Traube, Ber. 1893, 26, 
1471 ; Fryling and Tooley, J. Amer. Chem. Soc. 
1930, 58, 820; MiiUcr and Barchmanii, Z. 
Elektrochem. 1934, 40, 188). Furman and 

Murray (J. Amer. Chom. Soc. 1930, 58, 429) 
suggested that the formation of HgOj when 
mercury dissolves in dilute HCI saturated with 
oxygen probably occurs by way of HOg pro- 
duced Irom atomic hydrogen and molecular 
oxygen at the mercury surface. Similar views 
were cxjiressed by Churchill (Trans. Electro- 
chem. Soc. 1039, 76, 341) with regard to the 
corrosion of Al. 

Certain autoxidation reactions in which 
hydrogen jieroxide is formed have been proposed 
for its technical preparation. These include 
the oxidation of anthraquinono and similar 
substances by air or oxygen to qiiinoiioid com- 
pounds, and of hydrazo- to azo-corapounds {e.g. 
B.P. 489978-9). The formation of hydrogen 
peroxide in the enzymic oxidation of amino- 
acids in vitro (Bcmheim et al., J. Biol. Chem. 
1930, 114, 657) and in other biological processes 
may be analogous. It is also said to be lormed 
in catalytic dehydrogenations of MeOH and 
EtOH (Macrae, Biochem. J. 1933, 27, 1248). 

From Peroxides . — Hydrogen peroxide is pro- 
duced in good yield when metallic peroxides of 
the types M'gOjf M^Oj are dissolved in dilute 
acids in the cold. The peroxides used are those 
of Ba, Na or K ; the acids recommended include 
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H2SO4, HF, HaPO^, HaSiFj, HNO3, HCI. 

tartaric and carbonic, ana the method is con- 
venient if the salt formed is sparingly soluble. 
The most common method of preparation in 
the laboratory is by the addition of barium 
peroxide to the calculated quantity of cold 
(ca. 10°C.) dilute H2SO4 (1 vol. acid to 5 vol. 
water) : 

Ba02+H2S04=BaS04+H202. 

The filtrate, after removal of the precipitated 
barium sulphate, is a practically pure solution 
of HjOj ol about “ 8- volume ” strength (8 vol. 
of oxygen liberated from 1 vol. of solution by 
boiling with a catalyst). Carbon dioxide can 
be used instead of suljihuric acid : 

Ba02~l~G02~f HoO^BaCOg f H202* 

Combinations of other peroxides and other acids 
have been recommended (c.j/. K.,02 with tar- 
taric acid), and the usual methods may be 
applied to })recipitate excess salts or, alter- 
natively, the hydrogen peroxide can be separated 
by (bstillation under reduced pressure. 

From Pe^r-At'ida and Their Salta . — Hydrogen 
peroxide is (d)tained very efficiently by the 
liydrolysis of pcrmonosulphuric acid (Caro’s 
acid) : 

H.2S05+H20 = H2S04+H202. 

Ill technical practice pcrsulphuric acid (pre- 
pared by electrolysis) is distilled under reduced 
pressure, (’arc's acid being formed as inter- 
mediate : 

H2S20sH H20 = H2S05f H2SO4. 

The hydrogen peroxide formed distils off and 
is obtained as a pure solution. Persulphates give 
hydrogen peroxide when warmed with acids : 

K2S2OS+ H2S04= K2S2O7-I- H2SO5 

H2S05+ H20- H2S04+ H202 

K2S207+H20 = 2KHS04 (solid). 

(’oncentrated H2O2 can therefore be produced 
by direct distillation from potassium or am- 
monium persulphate, provided a small amount 
of H2SO4 is present. 

Percarbonates similarly give HjOj by hydro- 
lysis, even in the cold : 

K2C2O3+2H2O-2KHCO3H H20a. 

Perphosphates {e.g. potassium perdiphosphate, 
K^PjOg) and numerous other jier-compounds 
may give rise to HgOg, although in practice 
many of them are prepared from it. 

See alao B.P. 297880, 316919 ; O.P. 528461, 
333111; Lowenstein, Z. Elektrochem. 1928, 
34 , 784 ; Walton and Filson, J. Amer. Chem. 
Soc. 1932, 64 , 3228. 

Tech nical Preparation . 

The Peraulphaie Process . — Tlie electrolytic 
preparation of persulphates {see above), followed 
by their hydrolysis, has now become the chief 
method in use for the technical manufacture of 
hydrogen peroxide. (For a comprehensive ac- 
coimt and list of patents, see Machu, “ Das Was- 
serstoffperoxyd und ^e Perverbindungen,’* 


J. Springer, Vienna, 1937). The process has 
developed in three stages : 

(1) (Originally, persulphuric acid was made by 
the electrolysis of sulphuric acid, and hydrogen 
peroxide was separated by w'arming and vacuum 
distillation of the solution. 

(2) Later, in place of sulphuric acid, am- 
monium sulphate dissolved 111 sulphuric acid 
was used as electrolyte, and the resulting am- 
monium persulphate was converted to the 
sparingly soluble potassium salt by adding 
KHSO4. The potassium persulphate which 
separated was subjected to vacuum distillation 
with sulphuric acid and steam, 

(3) More recently, ammonium persulphate 
solution has been vacuum-distilled directly with- 
out conversion to th'* iiotassium salt. 

All three are cyclic processes as the residue 
from distillation is used again. 

For a discussion of the theoretical jirinciples 
which deti^riiuiK' the efficiency obtained in the 
electrolytic preparation of i>crsulphuric acid and 
pcrsulphati's, ace JMat'hu, op. nt., (3i. XI ; 
Essin et ol., Z. l']|(‘ktrochem. 1927, 33 , 197 ; 
1933, 39 , 891 ; 193r), 41 , 261 ; Z. physikal. Chem. 
1932, 162 , 44; Riesculeld and Solow'jaii, ibid. 
1931, Rodenstc'in-l'Vsiband, lOf). 

The following general conditions have been 
found dt'sirablo in pr ai t ice. The aiiolytc’ must 
be very pure owing to the catalytic action of 
imj'urities such os heavy metal ions; it is 
necessary to rejiunfy it at intervals by distilling 
the sulphuric acid in quartz vessels or by recry- 
stallising the sulphate. I'^or the same reason, all 
parts ol the cell must be fri'c from injurious im- 
purities. For instance, the loppcr conductois 
must be lead-coated, or alternatively, lead or 
aluminium connections can bo used. Smooth 
platinum is the best material for the anode, and 
since only a small surface area is required this 
may take the form of a thin strip of platinum 
foil on the surface of conducting bars ol tantalum 
(G.P. 386514) or on aluminium (G.V. 591263) 
which has been previously anodically oxidised. 

Various methods have been devised to avoid 
the use of a diaphragm to separate the anode 
and cathode compartments {e.g. G.P. 195811, 
257276, 271642), but more often a thin dia- 
phragm of unglazcd porcelain, kieselguhr or 
synthetic resin is used, and in this case the 
cathode can be of lead. It is usually in the 
form of a coiled pipe through which cooling 
water is passed. 

In general, the efficiency of persulphate for- 
mation increases with the anodic current density. 
With sulphurio acid as anolyto there is an opti- 
mum acid concentration (sp.gr. l-6()-l*45, 
depending on the current density). Replace- 
ment of some of the H2SO4 by ammonium sul- 
phate increases the efficiency considerably and, 
in fact, a recent process uses ammonium bisul- 
phate alone. The volume of anolyte between 
the anode and diaphragm should be small ; one 
arrangement (G.P. 567542) employs a thin film 
of liquid flowing rapidly over the electrode at a 
temperature of 10-16^’C. 

An example of a persulphate unit cell is 
shown in figs, 1 and 2, taken from G.P. 567542. 

The anolyte flows into the cell through a glass 
tube (6) and then upwards through a narrow 
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Hpaoo betwowi the rylindrical porous pot (3) 
and a close -fittinp; glass vessel (5) and finally 
leaves the cell at tlic' over flow (4). Between (3) 
and (5) is the anode (12) which consists of a 
numbc'r of vertical Pt-Ta strips connected at 
the top (9). "rhe cathode is a sjural lead pipe (14) 
through which cold water circulates, eventually 
passing into tin* inner \csscl (.0) and out at the 
top. When a iiumher of cells arc worked in 
series the cat holy te and anolyte are fed into the 
first cell (which is highest) and then flow" from 
c('ll to ceil by gravity. With sulphuric acid as 
electrolyte an anodic current density of ()-6-0-8 
ainfi. per scj. cm. is used. If the anode com- 
jiaitiiunit is 5 cm. in diameter, 50 cm. high and 
0 2-0.3 cm. thick the capacity is 18f)-230 c.c. 



Eio. 1. — Diaoram of the WeI8.sensteijjeb 
Rkbsulphate Celu (Machu, op. at.. Fig. 13). 

I’he rate of flow of anolyte is about 3-25 c.c. 
per amp. per minute, and a current of 80-100 
amp. is used. This requires 5-»fl volts per cell. 
Dndcr these conditions persulphuric acid of 
concentration 25-30% is produced from HjSO^ 
of sp.gr. 1-285 with a current efficiency of more 
than 70%. Using ammonium bisulphate as 
electrol 3 rte an efficiency of 85% can be obtained. 

Hydrogen jicroxide is prepared from the per- 
sulphate solution by hydrolysis and vacuum dis- 
tillation. In one method (Fig. 3) (F.P. 733201) 
the solution is heated to 50-00°C. and then 
atomised into an evacuated, heated column (in 


some cases with the addition of steam). The 
acid mist passes into a separator whence the 
w'atcr and H^Og vapour are removed and con- 
densed while the residual liquid (e.g. ammonium 
bisulphate) runs back via a cooler and pump to 
the electrolytic cell. The distillation can be 
carried out with an efficiency of about 95%. 
The flow diagram of a typical continuous flow 
process is shown in fig. 3. 

The energy required to produce 1 kg. of 30% 
hydrogen peroxide by any of the three con- 




Fjg. 2. — Details of the Anode Com- 
partment (Machu, 15). 

tinuous persulphate processes is about 4-5 
kilowatt-hours. 

The Barium Peroxide Process . — This method of 
preparing HgOg, although the oldest known, is 
still in use to some extent, largely owing to the 
fact that the fine white pigment ‘ blanc fixe ” 
is obtained at the same time. The chief diffi- 
culties are that a very pure BaOg must be used, 
and that the H^Og is obtained only as a dilute 
solution. The first difficulty necessitates a long 
method of preparation from barytes ; the second 
is less serious now that efficient vacuum distil- 
lation is available. The usual method for tho 
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preparation of pure Ba02 involves the following 
steps : 

(1) Ground barytes mixed with coke is heated 
in a rotary kiln to give barium sulphide (BaS). 

(2) The kiln clinker (BaS) is lixiviated with 
water, and barium carbonate is precipitated by 
the addition of soda ash. 

(3) The barium carbonate is mixed with rar- 
bon and heated to 1,2()0'^ in a furnace to form 
barium monoxide (BaO). 

(4) This BaO when heated in a stream of 
purified air at 640“C. is oxidised to barium piT- 
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oxide, which is the immediate starting-point in 
the chemical preparation of hydrogen peroxide. 

The barium peroxide is decomposed in the 
cold with either dilute sulphuric or phosphoric 
acid ; more concentrated H2O2 can be made by 
use of the latter (lf>% as against 3--t)% w’lth 
HjSO^) and the precipitated barium phosphate 
is easily filterable and carries dowm with it 
impurities like iron, manganese, etc., leaving a 
pure solution of H2O2 of good stability. In 
technical practice the decomposition of BaO.^ 
gives a 05% yield. (Phosplioric acid is recovered 



Fig. 3.--l)iAaHAM or Plant for tjik (Jonttnuous Distillation of Hydrogen Peroxide 
FROM Ammonium pERSULniATE Solution (Machu, op. ciL, Fig. 35). 


by adding H2S04 to the barium phosphate, 
and the precipitated BaS04 is used as a pig- 
ment (“ blanc fixe ”). A convenient way of 
removing impurities from the regenerated 
phosphoric acid has been patented (G.P. 
435900).) 

The dilute HgOa obtained in the BaO, pro- 
cess is commonly concentrated to 30-40% by 
distillation and rectification. Table I shows, 
for example, that the distillate from 14-2% 
HjOj boiling at 30-8°C./17 mm. contains only 
0-58% HjO- ; hence, the residue becomes more 
concentrated. (For examples of rectification 
plant, see F.P. 563908, G.P. 626923.) 

. Physical Properties. 

Solid HoO, (Staedel, Z. angew. Chem. 1902, 
16 , 642), large prisms from 96% HjO, cooled 


Table 1. — (Machu, op cit.j Table 14, p. 162.) 
17 mm. Hg. 


Bollinet point 
M'. 

('onncntratlon 
of rcBlcliic in 
weight, %. 

Concentration of 
distillate In 
weight, %. 

21 0 

5-5 

0-21 

230 

5-7 

0-22 

25-5 

6-85 

0-23 

26-6 

80 

0 34 

28 5 

9-8 

0-45 

30-8 

14-2 

0-58 

33-3 

19-2 

106 

35-5 

24-5 

1-3 

38-2 

32-0 

29 

40-6 

48-8 

10-4 
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with ethcr-carhon dioxide. M.p. — 0-89°C. 
(Cuthbcrtson et al., J. Amer. Chem. Soc. 1928, 
60, 1120). 

Pure HgO. ia a colourleaa liquid, the physical 
properties ot which are very sensitive to the 
addition of traces of water. Published data are 
rather discordant, but the following hat gives 
probable values. Much of the recent work is 
duo to Maass and co-workers {ibid. 1920, 42, 
2648, 2609; 1922, 44, 2472; 1924, 46, 2093; 
1929,51,074; 1930,62,489). 

Density (Iiq.) d" -1-4049; b.p. 151-4“C./700 
rum.; latent heat of vaporisation 11,010 cal. 
])cr g.-mol ; Trouton'.s constant 27-3; surface 
tension at 18’2"'(^ 76-94 dyncs/cm. ; magnetic 
siiHcc.ptibjlily (rlifiinagnetic) 8 -SxlO ’ imu.u. ; 
HpceiOc ( ondiictivity 2 ^ ohm speufic 

conductivity of 4-6% solution 2-89 ' 10 “ 
ohnr ’ ; (liHHociation constant 

(HgOjj-H+OOH') 

at 26" 2-4x10 heat of ionisation 8-0 x10^ 
cal. per g.-mol. ; oxidation potential of HgOj 
— 1-81 volts; reduction potential --0-00 
I 0-03 volt; dielectric constant ol pure H2O2 
93-7, of 20-8% H2O2 113-5; mean coemcient 
of expansion —HP to 4 20“, 0-00107 ; latent heat 
of fusion 74 cal. per g. ; specific heat (liq.) 
0-579, (solid) 0 470; viscosity at 18^^“ 0 01.30 
poises; nff -1-4139; heat- of formation 


Table IT. — (Machu, op. cit., Table 7, p. 37.) 


Density, dj* 

Weight, %. 

Volume, %. 

Volumes of 
oxygen. 

0-9986 

0 

0 

0 

1-0018 

10 

10 

3 3 

1 0034 

1-5 

1-5 

6 

1-0050 

20 

20 

6-6 

1 008.3 

3-0 

3-0 

10 

1-0134 

4-55 

4-55 

15 

1 0151 

50 

6-1 

17 

1-0187 

6-0 

6-15 

20 

1-0241 

7-5 

7-7 

25 

1 •0,3.36 

10-0 

10-35 

34 

1 -0.626 

15-0 

15-8 

52 

1*0717 

20-0 

21 45 

70 , 

14)91 1 

254) 

27-3 

90 ' 

M023 

27-2 

30-() 

1(X) 

Mill 

30-0 

33-33 

110 

M3,31 

.35-0 

39-7 

1.32 

1-1561 

40-0 

46 25 

153 

M796 

454) 

53-1 

175 

1-2031 

.60-0 

63-15 

208 

1 -2505 

60-0 

75 05 

248 

1 2980 

7f)-0 

90-85 

,300 

1-3156 

KO-0 

107 05 

.355 

1 -.3936 

90 0 

125-4 

415 

1 4442 

100-0 

144-4 

475 


(Hj,4 0^= HjOadiq.)) 46,320 cal, per g -mol.; 

heatevolvedmdeeomi>osition(H202=-Ha04-0) oxidising agent. It reacts with sulphites, sul- 
23,450 cal per g.-mol. ; heat of solution in water phides, thiosulphates, tetrathionates, etc., to 
460 cal. ; vapour pressure is given by the gH'e sulphates. Nitrous acid is oxidised to 
equation . nitric as is also hydroxylainine sulphate at 00'". 

/(i.nro^vi V Aqueous ammonia gives ammonium nitrite and 

*-^’810 70a»c^^8 853— — nitrate, but at -48“ in ether the crystalline com- 

^ pound (NH^lgOg-HgO is deposited. Stannous 

Dipolo moment 2-1 T). ; mol. wt. (fiom v.d.) salts give staniiie, ferrous give ferric, ete. Con- 
34, pai-tition eoeliicient of H2O2 between water centrated H2O2 oxidises As, S© and Te to 
and ether 0-043. arsenic, seleiiie and telluric acids, while yellow 


Hydrogen peroxide is miscible with water in phosphorus reacts at 60“ to form phosphine 
all proportions ; Table II gives the relation phosphorous and phosphoric acids, 
between the density at 18“, the composition by Hydrogen peroxide reacts with HCI, HBr 
weight (g. H. 2 O 2 in 100 g. solution), the com- HI, but it is stabibsed by HF (Maass and 
position by volume per cent, and the number of Hiebert, J. Amer. Chem. Soc. 1924, 46, 290). 
volumes of oxygen gas evolved when the reaction w4th HCI ia slow, the products 
solution is decomposed. being HOCI, CI 2 and oxygen; HBr reacts 

Hydrogen peroxide is soluble in alcohol, other more rapidly, 

and quinoline, but not in dry benzene or ^5 dissolve slow'ly in concentrated 

jietrolcum spirit. ' HjOg forming hydroxides. Sodium amalgam 

The infra-red absorption spectrum of liquid reacts more strongly with H2O2 than with 
and gaseous HjO 2 has been studied by Balv and water. Cu, Ag, Hg^-Ni and Bi dissolve in 
Gordon (Trans. Faraday Soc. 1938, 34, 1133). HgSO^ in the presence of HgOj, but Sn, 

Pb, Au, Pt and Sb do not. The decomposition 


Chemical Properties. 

The structure of hydrogen peroxide is 
H — O — O — H. The majority of its reactions 
depend on the ease with which one oxygen atom 
is given oflF : 


of HjOg by Hg is a periodic phenomenon 
(Okaya, Proc. Phys.-Math. Soc. Japan, 1919, 1, 
283). 

A large number of organic substances are 
oxidised by H2O2, the extent of oxidation 
depending on conditions such as concentration 


HjOj- H,04-0 (4-23,450 cal.) 

This leads to both oxidising and reducing 
properties. In addition, H2O2 acts as an ex- 
tremely weak acid and gives rise to many per- 
compounds containing the — O — O — bridge. 
Finely, it forms numerous addition compounds. 
Oxidation . — Hydrogen peroxide is a powerful 


and the presence of promoters [see below). 
Polyalcohols give aldehydes ; oxalic acid is 
broken dow’n into CO* and water; tartaric 
acid gives dihydroxymaleic acid; sugars form 
ozonides; benzene is oxidised to phenol. In 
alkaline solution HjOg oxidises R-CS-NHR' to 
R-CO-NHR'. Alkaloids give now crystalline 
bases which are often highly coloured. Indigo 
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is slowly decolorised. An unusual rcactiun 
occurs .Ijetween HjOg and formaldehyde in 
alkaline solution, hydrogen gas being evolved : 

2H CHOH-HaOa+2KOH 

= 2H COOK+2H2O+H2 

The oxidation of organic materials by HjOg is 
catalysed by some substances which themselves 
accelerate its decomposition. For instance, in 
the presence of ferric salts HgOa oxidises 
alcohol to acetic acid. Walton and Graham 
(J. Amcr. Chem, Soc. 1928, 50, 1041) studied 
the catalysed oxidation by H2O2 of organic 
acids such as succinic, lncti<‘, etc., and also of 
ethylene glycol and glycerol to CO^ and water 
with ferric chloride, CuO and CuSO^ as 
catalysts. The addition of HgOg to afi- un- 
saturoted ketones (in ether or benzene) to give 
the dihydroxyketones is catalysed by OsO^ 
(llutcnandt and Wolz, Her. 1938, 71 llij, 1483). 
The oxidation of dienes by HgOg is catalysed by 
ferric hydroxide. 

Organic materials such as paper inflame when 
treated wdth highly concentrated HjOj. 

Rtduclion. — Besides producing oxidation, the 
nascent oxy^gon atom from HgOj can attach 
itself to a similar oxygen atom of other oxidising 
agents, and thus apparently cau.so reduction 
with the evolution of oxygen gas. For examine, 
potassium permanganate is reduced to Mn02 
in alkabno solution or to MnS04 Xuesenee 

of H2SO4; 

2KMn04 bSHoOgf 3H^SO^ 

-KaSO^ f 2 MnS 04 + 8 H 20 \ 50 ^ 

Ferricyanides are reduced to ferro cyanides in 
alkaline solution, but in acid or neutral solution 
the reverse reaction occurs. iSilver oxide is 
reduced to metallic silver; NaOl gives Nal ; 
Ca(OCI)2 gives CaCl2- 

Formation of Per -Compounds. — The true per- 
compoiinds contain the — O — O — bridge ; a 
large number arc known to exist, but many are 
unstable. Many per-oompounds are formed 
directly from H2O2 which can bo regarded as a 
very w'eak acid. The addition of H2O2 to on 
aqueous solution of NaOH gives sodium per- 
oxide, Na.202- Unstable peroxides of Zn, Mg, 
Cd are formed by the action of HgOg on the 
metal hydroxides; those of Zr, Ce, Th, Y, 
La, Sm are obtained from the oxides. The 
addition of ammonia to a solution of CaCl2 
and H-Og jirecipitates Ca02. 

iSulphunc acid reacts with H2O2 to give Caro's 
acid, permonoBulphuric acid, HC5 0 S02’0H ; 
similarly acetic acid yields peracetic acid. Per- 
monophosphoric acid is not formed in this way 
from orthophosphonc acid, but can be made by 
the reaction : 2H2O2+ P2O6-I- H20=2H3P05. 
The true percarbonates (K2C20e, Na2C04) are 
not obtainable directly from H^Og, only the 
carbonate perhydrates being formed (v.i.). 
Many per- compounds are strongly coloured ; 
for example, the addition of HjOg to solutions 
of TiOg gives the intense yellow of pcrtitanic 
acid (hydrated Ti Og) ■ Perchromates are formed 
by adding HjO, to soluble chromates (»;. 
Vol. Ill, ‘114a). Salts of Mo, Ce, Va, Nb. U 
and W also give coloured (mostly yellow) solu- 
tions of unstable per- compounds. For example, 


uranyl nitrate and HgOj form U04-2H202. 
Pertantalatcs are white powders (.vcc Emidcus 
and Anderson, Modern Aspects of Inorganic' 
rhemistry,” G. Routledge, London, 193H, 
p. 356). 

Addition Reactions. — A number of stable coin- 
poiinds can be prepared from HgOg by simple 
addition. HjOg combines with ammonium sul- 
phate, sodium sulphate, borate, phosphate, 
acetate and arsenate as “ hydrogen peroxide of 
crystallisation.” It forms crystalline com- 
pounds sui'h as N 3202*2 HjOg with the alkali 
and alkaline earth peroxides. 

The “ sodium perborate ” (“ Perborax^" Per- 
oxydol") of industry is NaBOg-HgOg.SH.O 
and can b(‘ made by mixing sodium borate solu- 
tion with hydrogen peroxide in the cold (r. 
Vol. 11, 51d-52t>). When dry, it is coinpletcly 
stable, while its solutions possess oxidising 
powers like HgOg. It is used extensiviOy in 
washing ])owder8 and lor blesching. A large 
number of sodium carbonate perhydrates such 
as 2Na2C03*3H202 and a scries 

(NagCOgHgOl'jjHgOa 

where u- - i, I, l.J, 2, are known. They can 
be prepared by adding anhydrous sodium car- 
bonate to a suitable amount ol HgOg solution. 
The carbonate jierhydrates are more stable 
(and therefore ol greater technical importance) 
than the true piU'carbonatcs. Many phosphate 
perhydrates and silicate perliydratcs can be 
obtained similarly. 

Hydrogen peroxide forms addition compounds 
with acetamide, urethane, succinimide, aspara- 
gine, pinacol, strychnine, erythrose and man- 
nose. Addition comjiounds of HgOg with 
ammonia, ethylamine, propylamine, butylamine 
and pyridine havci been obtained from ethereal 
solution. 

Of special interest is the compound 

C0(NH2)2H202 

(” Hj/perol,'’ “ Perhydritey^' ” Ortizon ”) which 
is prepared by cooling a solution of urea dis- 
solved m 30% HgOg to — 5“^. It is a stable 
white powder, soluble in parts of water. It 
provides a convenient form of ” solid ” HgOg 
for pharmaceutical and analytical jiurposes 
(Booer, Chem. and Ind. 1925, 44 , 1137). 

Decomposition. 

Hydrogen peroxide is thormochemically un- 
stable ; its decomposition into water and oxygen 
is exothermic to the extent of 23,450 cal. per g.- 
mol. However, pure HgOg and its pure solu- 
tions keep well at ordinary temperatures and 
decompose only comparatively slowly when 
heated, with the exception that the pure liquid 
explodes at about 151°C. Apparently the true 
homogeneous decomposition of liquid or vapour 
requires a high energy of activation, and even the 
slow reaction of HgOg vapour in a quartz flask 
at 85° occurs heterogeneously on the walls, but 
the decomposition is greatly accelerated by the 
catalytic action of solid surfaces (particularly 
carbon, platinum and manganese dioxide) ; by 
heavy metal ions (notably Fe and Cu, but also 
salts and oxides of Pb, Hg, Co, Ni and Mn, etc.) ; 
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by natural enKymeH ; or by irradiation with 
ultra-violet light or X-rayH. 

Very corK^ontrated HgOg explodes when 
brought into (jontaet with an effective ratalynt 
such aR MnO^- 

OatalysiH at the nurfaceH of disperHed Rolids 
liaH been the subject of many investigations. 
The most effective material know'n is an osmium 
sol which still exerts a strong eatalytie action 
at dilutions as great as 10 " g. per e.e. Other 
metals in colloidal form (particularly Pd, Pt, 
Ir, Au and Ag) are also very effective, as are 
Mn02, COgO;,, PbOa and copper peroxide. 
High surface area naturally enhances the effect 
of a solid (sugar charcoal, for instance, is very 
active), but the nature of the solid is particularly 
imjiortant. According to Wright and ilidcal 
(Trans, haraday Soc. 1928, 24 , TjIIO) the velocity 
of catalytic decomposition of HgOj by sugar 
charcoal, iron oxide, Mg(OH)2, kaolin, WO3, 
glass, CrClj,, ZnO and silit a ged is very depen- 
dent on traces of acids, alkalis or heavy metals, 
and it reaches a maximum at a pjj correspouding 
to the isoelectric point of tlie surface. On the 
other hand, hiemin and the cliomically related 
iron I’oiripoiiiids of the jiorphyrin group exert 
an enormfius and virtually sjieeilic catalytic 
effect on the decomposition of H^Og- Natural 
enzymes possessing the Hjiocihc property of 
destroying h^^drogen p(‘roxido occur widely in 
animal and vegetable tissues and are known 
collectively as “ catalases " {(f.r.). 

The metal-sol catalysts (Pt, Ag, i‘tc ) are very 
aiisceptiblo to “ poisoning ” by minute quantities 
of sulphides, arsine, HCN, CO, HgCl2, phos- 
phine, phosphoruR, CSg, phenol, stryehnine, 
iodine, etc., whereby their catalytic activity is 
largely reduced or (lestroyc'd (.ice, for example, 
Bredig and Ikeda, Z. j)h3^Bikal. Chem. 1901, 
37, 1). The effectiveness of positive catalysts 
is also impaired to a greater or loss extent by 
many capillary-active substaiiees W'hich are 
probably preferential Iv adsorbed on the surface 
of the solid ; among these are alcohols, ketones, 
uric acid, barbituric arid, etc. 

i^tabi lifters . — Solution of H2O2 are slowly 
decomposed by alkalis (as, for example, from 
Hoda-glass bottles), and hence their stability is 
improved by acids (c.g. 01% of H2SO4 or 
H«P04). In addition, a very large number of 
substances have been proposed as general 
stabilisers ; phenaeetin and salicylic acid (0 1- 
0-6 g. per litre) are suitable for pure H2< 
"solutions ; other substances claimed include : 
pyro- and meta-phosphatcs of Na, Mg, Ca, 
Sn, magnesium and sodium silicates, sodium 
benzoate, acetanilide, methyl p-hydroxyben- 
zoate (“ nipagin ”), hoxamine, tannin, 
napbthylamine, numerous alcohols, ketones, 
aldeh3"de8, amides, ether, glycerol, pyrogallol, 
oxalic acid and many other diverse organic com- 
pounds. Sodium and calcium chlorides are 
appreciably preservative if used in large amount. 
Modem pure preparations of H0O2 searcety 
need stabilising, but in tiM'hnical use, as in 
bleaching baths, destructive impurities may be 
introduced, and a suitable st abiliser may reduce 
loss of peroxide. 

Storage . — Stabilised H2O2 solutions can be 
stored in glass, porcelain or stoneware vessels, 


while small quantities of pure 30% HjOg are 
commonly kept in paraffin wax bottles. There 
is some lire danger in the transport of 30% HgOj 
owing to its powerful oxidising action on organic 
materials, but it has been found possible to store 
largo quantities in t/anks of treated aluminium 
or of certain aluminium and other alloys, pro- 
vided suitable stabilisers arc added. The 
addition of ammonium nitrate or nitric acid 
to HgOg IS 
aluminium. 

Technical Applications. 

Hydrogen peroxide is extensively used as a 
hleaihing agent, antiseptic and preservative on 
ccount of its pow’erful oxidising properties. 

Bleaching is carried out with w^arm, mildly 
Ikalinc solutions (‘ontaining suitable stabilising 
agents such as water-glass. Injurious impuritie^ 
{e.g. traces ol Fe ami Cu) must be carefully ex- \ 
eluded from the bleaching bath to avoid waste of ' 
HgOg, and wdien not in use the bath may be > 
acidified to improve its stability. For mild 
bleaching a concentration ol about 0-2% HgOg 
is used at 40-45°C., while more yjowcrfiil action 
can be o])laini‘d by using stronger solutions and 
higlier temperatures {e.g. .3% HgOg at 80“(\), 
Hydrogen pcuoxjdc can be used to bleach 
practically any material ; among those men- 
tioned in the Jiteratuie are all forms of cotton, 
wool, silk, linen (r Vol. 11, lOr, 17a, 18c), furs, 
skins, w ood, hoi sc hair, parchment, feathers, 
hoof, horn, hones, ivory, fats and oils. For 
many purjioses HgOg may he replaced by its 
stable solid derivates, the carhoimto and borate 
pcrhydratcH. Sodium perborate may be in- 
corporated in soaps and is extensively used in 
laundering. 

As a Ihsinfertant and Freservativa . — Bacteria 
are rajndly destroyed by dilute solutions of 
HoOg : Staphf/lworri and dipthoria bacilli arc 
Idfled by 1-75% HgOg within 5 minutes {v. 
Vol. IV, 19a). A 3% HgOg solution has an 
antiseptic power equivalent to 1 in 1,CK)0 HgClg 
and has the advantage of being non -poisonous 
(although concentrated HgOg blisters the skin). 
Dilute HgOg was formerly used as a preservative 
for milk, meat, gelatin, glue and cocoa-milk 
beverages but its use in food is not now per- 
mitted (v. Food Fbeservatives) ; fish has been 
packed in ice containing HgOg. Cut flowers are 
said to last much longer in very dilute HgOg. 
It has also been suggested for disinfecting seeds 
and as a leavening agent in place of yeast. 

For pharmaceutical purposes the “ 10- volume ” 
and “ 20-volume ” solutions with sodium pyro- 
phosphate or urea as stabiliser are generally 
used, and are further diluted a number of times. 
The very dilute solution is useful for cleaning or 
sterilising new or septic wounds and to stop 
bleeding; as an eye lotion, gargle or mouth 
wash ; for external application in skin diseases ; 
for bums and scalds, and to whiten the teeth. 
The solutions have a somewhat metallic taste. 

Detection and Estimation. 

Qualitative Identification . — The following are 
probably the most sensitive and characteristic 
of the numerous tests which are available for 
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hydrogen peroxide. (1) The orange-coloured 
pertitanic acid is formed when HgOg is added 
to a solution of TiOj in sulphunc arid (detects 
1 part H2O2 in 1-8x10“ parts of water). (2) A 
solution of H2O2 is treated with 1 drop of 
dilute H2SO4, 2 e.c. of ether, and 1 drop of 1% 
potassium dichromate, and shaken, tlio cha- 
racteristic blue colour of pcrchromic acid is 
formed in the ether layer (limit 0-2 mg. in 20 c c.). 

(3) The guaiacum tost is the most sensitive for 
H202- The solution to he tested is mixed ivith 
a fresh 1-2% solution of guaiaLiirn resin in 90- 
98% alcohol until a slight turbidity develops ; 
then one drop of an extract of malt is added, a 
blue colour is producetl which serves to detect 
1 part of HgOj in 5 x 10’ parts of water. (4) The 
solution containing HjOg is added to a reagent 
containing tartaric acid, potassium iodide and 
ferrous sulphate ; after mixing, 5 or 6 drops of 
NaOH solution are added, a violet colour is 
formed (detects 1 in 25 x 10“). (5) Several sensi- 
tive spot tests are available, such as the bleach- 
ing of lead sulphide paper, the formation of 
Prussian "Blue from a solution containing ferric 
chloride and potassium ferricyanide, or the for- 
mation of a red or blue gold colloid by reduction 
of gold salts. (iSicc aho Vol. IT, 574a.) 

Quantitative, Determination. — (1) By titration 
Avith potassium permanganate solution in the 
jiresence of a largo excess of sulphuric acid. 

2KMn04H 5H2O2 

= K2S04+2MnS04 I 8 H 2 O f 50 .^ 

1 c.c. of A710 KMnO4-0 001701 g. of 

This method cannot be used if organic jire- 
servatives arc present. 

(2) The reaction with Njii) iodine and alkali 
subsequently acidified gives in effect : 

H2O24 2KI + H2SO4- I2 h K2SO4+2H2O 

the liberated iodine being titrated with sodium 
thiosulphate using starch at the end-point in 
the usual way. 

(3) With titanous chloride. On treating H gOj 
with a dilute solution of TigOg in the presence 
of acid the deep orange colour of pertitanic acid 
develops. This may be used to estimate H2O2 
directly by colorimetry, or alternatively, further 
TijOg may he added until the colour is just 
bleached ; the end-point is sharp. 

Ti203-f3H202=2TiOg4-3H20 

2Ti03f2Ti203-6Ti02 

The titanous chloride is standardised in an inert 
atmosphere with iron alum ; when the F e'" 
colour has practically disappeared a drop of 
potassium thiocyanate solution is added and the 
titration continued to complete decolorisation 
(Knecht and Hibbert, Ber. 1905, 88, 3324). 
This method of determining HjOg is particularly 
useful when organic substances are pre.sent. 

(4) Another method of determining HjOj is 
by measurement of the volume of oxygon 
evolved when the solution is decomposed by 
catalysts, by hypobromite or by potassium per- 
manganate. 

(5) Other methods based on potassium iodate, 
cerio sulphate, sodium arsenite, or manganic sul 
phate are also applicable. 

M. C. and J. A. K. 


HYDROGEN SWELLS (v. Vol. V, 291a). 

HYDROGENATION has come to be re- 
garded as the combination of organic substances 
with hydrogen under the influence of a catalyst; 
the present article is concerned with the labora- 
tory aspects of the subject. Articles on hydro- 
genation reactions of special importance in in- 
lustry will be found in the appropriate places 
in the Dictionary. 

Hi.storically the first example of a catalytic 
hydrogenation was the production of methyl- 
amine by passing a mixture of hytli-ogen and 
hydrogen cyanide over platinum black (Uclnis, 
Annalen, 1803. 128, 200). The development of 
this vapour-jihaHC method of hydrogenation is 
due mainly to Sab.iticr and Senderens and their 
co-AA'orkers (IH97 1914). Since 1905 develop- 
ment has bi'CM mainly along the lines of using 
finely divided lui'talH in the liijiiid phase (Will- 
statter, Baal, Skita, Adams, Adkins). This 
method of liquid- phase hydrogenation has, for 
the most part, ousted ITie vapour-phase method 
in laboratc'ry, and largely 111 iiulnstnal, practice, 

UENKKAL. 

Va l*OUR- Pll AS 1C Hyuroo knation. 

The apparatus in its simplest form consists of 
a hard-glass combustion tube, packcal with a 
suitable catalyst and heated in a liiriuu’c (pre- 
ferably” electric). Hydrogen is jiassial through 
the lube and the substance- is most ( onveriiently 
introduced by bubbling the hydrogen through 
the liquid material heated to a siiitahle tempera- 
ture. Such an apparatus was used by Sabatier 
and SetidereiiH in their classical series of investi- 
gations (for summarios, fiee Ann. (-him. Phys. 
1005, Iviij), 4, 31 9; Sabatier, tr.insl. Reid, 
“ (\atalysiH in Organic Chemistry,” 1923). The 
following are two tv[ucal (‘atalysts used in these 
experiimmts : 

(1) Piimic(5, broken u]> into umall pioecs, is 

boiled with nitric arid, washed with water and 
then saturateil with a concentrated solution ol 
sufficient nickel nitrate to give a catalyst of the, 
desired nickel content. The product is then 
evaporated to dryni'ss with good stirring and 
finally heated in a nickel dish over a free flame 
until the nicki;! nitrate is completely deromjiosed . 
The product is packed into the hydrogenation 
tube and, after sweeping out with hydrogen, 
reduced by heating to 300-4(K)° m a stream of 
hydrogen. After cooling in hydrogen the tube 
is ready for use. * 

(2) Sixty grams of kieselgiihr, purified by boiling 
with nitric acid and with water, are made into a 
paste with an aqueous solution of nickel nitrate. 
An excess of sodium carbonate solution is added 
and the mixture is boiled for a few minutes. 
After washing several times with hot water by 
decantation, the precipitate is filtered off, dried 
and then reduced as described for the pumice 
catalyst. 

Such catalysts may be used for the reduction 
of ethylcnic linkages (at about lOO-lSO®), 
aromatic nuclei (about 290°), carbonyl- and 
nitro-groups. 

A somewhat analogous but much more con- 
venient vertical apparatus has been devised by 
Lush (J.S.C.I. 1923, 42 , 219T; cf. Felly, ibid. 
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1927, 46 , 449T). In this apparatus the catalyst 
consists of nickel turnings which, lK‘fore use, are 
first coated with an oxide film by anodic oxida- 
tion and then reduced in hydrogen. The 
apparatus may be used under pressure and has 
found application on a scini-teclmical scale and 
in laboratory operations ; it is marketed by 
Messrs. Technical Research Works, Ltd. The 
apparatus is jiarticularly suitable for routine 
laboratory hydrogenations on a fairly large 
scale ; it has tlio advantage of being simple to 
ojiorato and requires no expensive catalyst. 

LiQtrjD- P hase H VDHoaENATioN. 

Apparatus. — The simplest form of apparatus 
may easily be assembled from ordinary labora- 
toiy equipment ; it consists of a calibrated 
hydrogen -reservoir connected to a hydrogenation 
flask which is mounted for mechanical shaking. 
An arrangement for evacuating the tlask is 
necessary and it is an advantage to arrange also 
for heating. 3’o carry out a hydrogenation the 
Huhstanee to be hydrogenated, dissolved or sus- 
pended in a suitable solvent, is introduced into 
the hydrogenation vessel togoilier with the 
(jatalyst. After evaeuation, hydrogen is ad- 
mitted and the flask is shaken until the required 
amount of hydrogen has been taken up; the 
flask is then once more evacuated, air is admitted, 
the catalyst is filtered off and the product 
isolated in an apjiropriate manner. Many forms 
of apparatus of this typo have been described in 
detail in tlu*. literat-uie (Paal and Gerum, Bor. 
1908, 41 , 813 ; Willstatter and Hatt, ibid. 1912, 
46 , 1472 ; Nikita and Meyer, ibid. J912, 46 , 3504 ; 
Stark, ibid. 1913, 46 , 2335). A similar apparatus 
adapted for working at jirosBiires up to 3-5 atm. 
lias been described by Adams and Voorhees 
(Organic Syntheses, 1928, 8, 10) and compact 
modifications are marketed by several firms ; 
the hydrogen reservoir is a stout metal tank and 
the hydrogen -uptake is followed by the fall 
in hydrogen pressure during the reaction. This 
type of apparatus is wtU suited for general 
laboratory use. 

It is frequently necessary, or at any rate 
desirable, to carry out hydrogenations at com- 
paratively high temperatures and pressures. 
Adkins (J. Amer. Chera. Soc. 1933, 65, 4272) 
has designed an apparatus suitable for hydro- 
genations at temperatures up to 400” and pres- 
sures up to 300 atm. It consists essentially of 
a specially designed autoclave mounted on a 
shaker and fitted with an electrical heater. A 
modification of this apparatus is marketed by 
the Burgess-Parr Company. 

The development of modem micro-methods 
has led to the devising of a number of pieces of 
apparatus for the determination of the number 
of double bonds in the molecule of a substance 
by the hydrogenation of a few milligrams of 
material. Smith (J. Biol. Chem. 1932, 96 , 35) 
devised an apparatus in which the uptake of 
hydrogen was measured directly by the diminu 
tion in volume under constant pressure ; an 
improvement of this apparatus by Jackson and 
Jones (J.C.S, 1936, 896 ; cf. Jackson, Chem. and 
Ind. 1938, 67 , 1076) is extensively used to- 
day. The other widely used apparatus is that 
of Kuhn and Mdller (Angew. Chem. 1934, 47 , 


145) in which the difference in volume between 
the hydrogen taken up by the substance and 
that taken up by a control substance is measured. 
Adams’ platinum oxide catalyst {see below) is the 
catalyst generally employed in these experi- 
ments, the solvent being, usually, acetic acid, 
decalin or methylcyclohexane. 

Catalysts. — (1) Platmum Catalysts . — Of the 
platinum catalysts in use to-day by far the most 
popular is platinum black produced by reduc- 
tion, in the hydrogenation vessel, of platinum 
ixide prepared by the method of Adams, Voor- 
hees and Shriner (Organic Syntheses, 1928, 8, 92). 
This “ Adams’ catalyst ” is prepared by fusing 
chloroplatinic acid with sodium nitrate at 509- 
650“. Alter use it may be re- worked by solution 
in aqua regia followed by evaporation and 
fusion with sodium nitrate ; if exteiiHi>iely 
poisoned it may be necessary to purify it by con- 
version into ammonium chloroplatinate (Balde- 
schweiler and Mikeska, J. Amor. Chem. Soc. 
1935, 57 , 977) which can then be used directly 
for the fusion with sodium nitrates (Brucii\, 
Organic Syntheses, 1937, 17 , 98; J. Am«!r\ 
Chem. Soc. 1936, 58 , 687). C’ook and Linstcad 
(J.C.S. 1934, 952) recommend the use of potas- 
sium, instead of sodium, nitrate in the fusion 
and consider that a more active catalyst is 
obtained in this way. Short (J.S.C.l. 1936, 55 , 
14T) describes a special apparatus for carrying 
out the fusion. The following simpLified pro- 
cedure has been found to give c onsistently good 
results : 

One gram of (commercial chloroplatinic acid 
is dissolved in 3 e.e. of water in a porcelain 
crucible and to the solution is added 10 g. of 
pure sodium nitrate. The mixture is evaporated 
to dryness over a srnaU fiame with stirring. 
The full heat of the Bunsen flame is then applied 
to the crucible and vigorous stirring is con- 
tinued until the mass is completely molten and 
the initial vigorous decomposition, which is 
accompanied by frothing, has abated. The 
fiame is then regulated so that the base of the 
crucible is at a dull red heat and this temperature 
is maintained, without stirring, for 30 minutes. 
The cooled product is extracted with hot water, 
filtered and the brown oxide washed well with 
hot water and dried in a vacuum desiccator. 
The yield is almost theoretical. 

Loew (Ber. 1890, 23 , 289) prepared platinum 
black by the reduction of platinum chloride 
with formaldehyde in the presence of sodium 
hydroxide. Many modifications of this method 
have been described of which the following 
(Willstatter and Waldschmidt-Leitz, ibid. 1921, 
64 [B], 121) seems to give a very active catalyst : 

Eight c.c. of a solution of chloroplatinic acid, 
prepared from 2 g. of platinum and containing 
some hydrochloric acid, are mixed with 13 c.c. 
of formalin. After cooling to —10°, 42 of 
60% potassium hydroxide solution are added 
dropwiso with stirring, the temperature being 
kept below 5°. When the addition is complete 
the product is stirred at 65-60° for 30 minutes. 
The platinum black is then washed by decanta- 
tion (best in a cylinder), until the washings are 
neutral and free from chloride. It is then filtered 
off, care being taken to keep it covered with 
water, lightly pressed between filter papers and 
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dried in a vacuum dcBicrator, Acoess of air to ' 
the catalyst must be avoided. 

(2) PaUadium Catalysis . — PalJadium black 
may be prepared by methods analogous to those 
described above for platinum black ; thus 
Shriner and Adams (J. Amer. Chcm. wSoc. 1927, 
49, 1093) fuse pulhidoiis chloride with sodium 
nitrate and Zelinsky and Glinka (Ber. 1911, 44, 
2309) reduce palladous chloride with potassium 
formate. 

Usually, however, palladium is deposited on 
an inert carrier. For this purpose charcoal 
(Mannich and Thiele, Arch. Fharm. 191.'), 253, 
183), barium sulphate (Schmidt, Ber. 1919, 
52 [B], 409) and alkaline-earth carbonates 
(Busch and Stove, ibid. 1910, 49, 1004) have 
found extensive application. For the prepara- 
tion of palladised charcoal, palladous chloride 
is dissolved in warm concentrated hydrochloric 
acid ; the requisite amount of active charcoal 
(previously purified by boiling with hydrochloric 
acid) is added to the diluted solution and the 
whole 18 stirred or shaken in hydrogen with 
the addition of some sodium acetate. The 
palladised charcoal may either bo filtered off 
and stored in a desiccator or used directly. 
Zelinski, Packendorff’ and Leder-Packendorff 
(ibid. 1933, 66 | BJ, 872; cf. Jlobinson and 
Ivocbnor, J.G.S. 1938, 199()) prepare a selective 
catalyst by depositing both platinum and 
palladium on active charcoal. Of the other 
carriers strontium carbonate gives an excellent 
robust catalyst suitable for general use. For 
the preparation of 2% palladised strontium car- 
bonate, 30 g. of strontium carbonate are sus- 
jiended in 500 c.c. ot w’ater at 70 . A solution 
of 1 g. of palladous chloride in a little warm 
concentrated hydrochloric acid is stirred in. 
After stirring at 70*' for a few minutes the 
catalyst is filtered off, washed, dried in the 
steam -oven and stored; it is reduced, as 
required, in the hydrogenation vessel. 

(3) Colloidal Platinum and PalUtdiiirn (•aialysts. 

— Paal and his co-workers (Ber. 1904, 37, J24; 
1905, 38, 1401 ; 1908, 41, 805) developed a 

catalyst which consists of a colloidal solution of 
jjlatinum or palladium protected by “ sodium 
lysalbate,” a product of the alkaline hydrolysis 
of egg albumen; this catalyst can only be used 
in neutral or alkaline solution, since the pro- 
tective colloid 18 sensitive to acid. 

Skita and bis co-workers {ibid, 1909, 42, 1627 ; 
19? 1, 44, 2862 ; 1912, 45, 3579, 3589) use gum 
arabic as the protective colloid. A solution of 
palladous chloride containing gum arabic is 
added to a solution of the substance to be 
hydrogenated in alcohol or acetic acid. The 
catalyst is formed by shaking in hydrogen, 
after which the hydrogenation proceeds in the 
usual way. Recently these colloidal catalysts 
have fallen into disfavour owing to the greater 
robustness of such non -colloidal catalysts as 
Adams’ platinum oxide and palladised charcoal 
or strontium carbonate. 

(4) Nickel Catalysts . — The outstanding nickel 
catalyst for hydrogenation in the liquid phase 
is Raney nickel, which has no serious rival 
among nickel catalysts for this purpose. Raney 
(U.S.P. 1628190) prepared his catalyst by the 
action of sodium hydroxide on a nickel- 


aluminium alloy of the composition AUNi. 
This catalyst has been much used by Adkins 
and his co-W'orkers in connection with the high- 
rcssuro hydrogenator mentioned above ; the 
following more active preparation is due to 
^overt and Adkins (J. Amor. Chem. Soc. 1932, 
54, 4116). 

Finely-ground nickel-aluminium alloy (300 g.) 
is added over 2-3 hours to 300 g. of sodium 
hydroxide in 1,200 c.c. of distilled water in a 
4 litre beaker surrounded by ice. The mixture 
is then heated for 4 hours to 115-120“ with 
occasional stirring. A further 4tK) c.c. of 19% 
sodium hydroxide solution is then added and 
the mixture kept at 11,5-120° until no more 
hydrogen is evolved (about 3 hours). After 
dilution to 3 litres the nickel is washed 6 times 
with water bj’ decantation and then alternately 
by suspension and by w^ashing on a Buchner 
funnel until the filtrate is neutral to litmus. 
The nickel (which is pyrophoric when dry) is 
then washed 3 times witlv 95% alcohol and 
stored under alcohol in glass-stoppcrcd bottles. 
Raney ni'kel may retain about 17% of 
alcohol, which may lead to estcT formation in the 
hydrogenation of acids, but it may be removed 
by storage for some hours under ether or methyl- 
cyc/oheranc (McClellan and Connor, 1941 , 
484). The outstanding characteristic of Raney 
nickel is its activity as compared with other 
nickel catalysts. Licbcr and Smith {ibid. 1936, 
58, 1417) enhance its activity by adding a 
small amount ol i)latinum chloride at the com- 
mencement of tlu‘ hydrog(‘nation. Paul and 
Hilly (Coiiqit. rend. 1938, 206, O08) prepared an 
iron (‘atalyst, said to be specific for the semi- 
hydrogenation of acetylenic linkages, by a 
similar process with an iron-nlumiuium alloy ; 
they have also described a modified process for 
the preparation of Raney iiii kel (Bull. Soc. chim. 
1936, [v], 3, 2330). 

Adkins has also used a nickel -kieselguhr 
catalyst produced by treatment of kieselguhr 
with nickel nitrate and ammonium carbonate 
followed by reduction at 450“ (Covert, Connoi- 
and Adkins, J. Amer. C/hein. Soc. 1 932, 54, 1051 ) ; 
this catalyst is less active than Raney nickel 
Sully (Chein. and liid. 1939, 58, 282) prepan^s 
an active catalyst by precipitation of nickel car- 
bonate from imkel sulphate by means of sodium 
carbonate ; the jireeipitaie jm w ashed carefully 
and reduced in hydrogen. It is claimed that 
this catalyst (5%) will hydrogenate croton- 
aldehyde to butyl alcohol in 5 hours at 80'7200 
lbs. 

(6) Other Catalyst.>f . — ^Arnong the many other 
catalysts described in the litc.raturo the only 
one whose action has been generally studied is 
“ copper (;hroraite ” (Connor, h’olkers and 
Adkins, thid. 1931, 53, 2012; 1932, 54, 1138). 
In these two papers procedures for the prepara- 
tion of a wide range of copper chromite catalysts 
are deseribed ; the most active are made by 
adding ammonia to a mixture of copper nitrate, 
barium nitrate and ammonium dichromate and 
igniting the precipitate. Adkins and Connor 
{ibid. 1931,53, 1091) specially recommend copper 
chromite for the hydrogenation of carbonyl 
compounds to alcohols, of benzyl alcohols to 
hydrocarbons, nitro -groups to amines and for 
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the selective hydrogenation of double bonds. 
Pyridine nuclei are readily hydrogenate.d but the, 
catalyst is inactive towards ( yano-groups and 
benzene nuclei. It is nf)t so easily poisoned as 
nickel and is best used at high pn'ssuies. 

Eaucoiinau (Bull. {Soc. ehim. 1037, |vj, 4, 58, 
03) has prepared active copjier and cobalt 
catalysts by the action of sodium hydroxide on 
Do Varda’s alloy and the alloy Co 2 Alg, 
resjujctively. 

Solvents. -The most widely used hydro- 
genation solvtuits are ethyl alcohol, acetic acid, 
ethyl a(H‘tate, ether, and saturated liydroc'arboiis 
Hucii as a-hexano, decaliri and ri/r/ohexane. It is 
generally considered that acetic acid is the most 
useliil solvent from the point of voew ol rapidity 
of hydrogiuiatioii (Willstatter and Hatt, Her. 
1912, 45, 1471 ; iSkita and Meyer, ibul 1012, 45, 
3500) ; it is Hjiecially useful for the, hydro- 
genation ol aromatic nuclei (Adams and Marshall, 
J. Amor. (>hem, Soc. 1028, 60, 1070). Carothers 
and Adams {ibid. 1024, 46, 1075) investigatcHl 
the liydrogoiiation of aldehydes in a variety of 
solvents hut came to no very d(‘fmite conclusions. 
Maxted and Stone (.!.(’ S. 1938, 454), working 
with erotoTiH! acid and platinum, were unable to 
correlate the rate of hyilrogeiiatioii (eorreeied 
for the vapour juessure of the solvent) with 
any other property of the solvent, 

Experimental Conditions. - In general, in- 
(Teaso of tenijierature loads to an increase in 
the rate of h 3 'drogenation, hut this efleet is 
masked by the lowering of the jiartial pHxssure 
of hydrogen in the reaction vessel consequent 
on the rise in the vapour pressure of the sol- 
vent ; it is thus neiiessary to determine the 
o|)timiim tcinjieraturo for each case experi- 
mentally. The rate of hydrogenation usually 
incroascH with increasing pressure, but here 
again no general rule as to the magnitude of the 
pressure effect can bo giv'eii. The effect of 
pressure i.s particularly marked with nickel 
catalysts, with which there seems to be an 
optimum pressure for many hydrogenations (r/. 
Adkins, Craiiu’ir and Connor, J. Amer. Chem. 
Boc. 1031, 53, 1402). In many eases increase 
of pressure has beim shown to giv(^ rise to the 
formation of a different product (tSkita, Ber. 
1016, 48, 1486 ; Skita and Ritter, ibid. 1910, 43, 
3393). The amount of catalyst used has also 
an important effect. Within limits the rate of 
h^'^drogenation increases with an increase in the 
amount of catalyst added {rj. Paal and Schw'artz, 
• ibid. 1916, 48, 094; Bourguel, Gredy and Rou- 
bacb, Bull. Soc. chim. 1931, [i\\, 49, 897). 
Another 1 actor influeneing the rate of hydro- 
genation is the vigour of the shaking or stirring. 

It frequently happens that a eataljdie hydro- 
genation comes to a standstill short of com- 
pletion; in such cases the catalyst may often 
be re-activated by shaking or stirring with air 
or oxygen. In specially difficult cases hydro- 
genation may be effected by boiling the sub- 
stance with an excess of totrahn in the presence 
of palladium black or palladlsod charcoal, the 
tetralin being dehydrogenated to naphthalene 
(Kindlor and Peschke, Annalen, 1932, 497, 193 ; 
1933, 501, 191). 

Poisons and Promoters. — The literature on 
catalyst poisons is both large and chaotic. In 


general, mercury compounds are regarded as 
poisons (Paal and Hartmann, Ber. 1918, 61, 
711); nevertheless the presence of a small 
amount of metallic mercury in the hydrogenation 
vessel seems to have little adverse effect, at any 
rate with palladiscd charcoal and Adams’ 
catalyst. Compounds of sulphur (including 
vulcanised rubber), arsenic compounds and 
hydrogen cyanide are also stated to be poisons 
(ilmnehsen and Kempf, ibid. 1912, 45, 2107 ; 
Busch and Stove, ibid. 1916, 49, 1070; Kelber, 
ibid. 1016, 49, 1868); for this reason Adams 
and Voorhees (Organic Syntheses, 1928, 8 , 14) 
recommend that rubber tubing and stoppers 
used in apparatus for catalytic hydrogenation 
should be hoil(‘d out with 20% sodium hydroxide 
and then with water. However, Truffaiilt, in a 
study ol poisoning in catalytic hydrogenation 
(Bull. Soc. cliim. 1936, [v], 2, 244), found vul- 
canised rubber to be ineffective as a poison. 
I Jnsiitiirated substanees obtained by dehydration 
by means ol thionyl cliloride are frequently 
resistant to hydrogenation owing to the presence 
of small amounts of sulphur compoundH ; treat- 
ment W'itli a little aluminium amalgam in moist 
ether frequently brings about the removal of 
these impurities (r/. Gauhert, Linstead and 
Rydon, d.C.S. 1937, 1077). Partial poisoning 
of tlie eatal 3 ^st be of value iu increasing its 
selectivity; thus a partially poisoned catalyst 
is used 111 tlio Rosenmund hydrogenation of acid 
chlorides to aldehydes (p. 359r/). Maxted and 
Mornsli {ibid. 1940, 252) find that, in the ease 
of elements such as sulphur, selenium, tellurium 
and phosphorus, the catalytic toxicity generally 
(lisapjicars if the normally poisonous atom is 
associated with a rompletcly shared octet of 
cleetroiiH. 

Adams and his co-woikers (J. Amer. Chem. 
Soc. 1923,45, 1071,3029; 1024,46,1675; 1925, 
47, 1047, 1098, 1147, 3061; 1926, 48, 477) 
found that the addition of certain inorganic 
salts affected the rate of hydrogenation ; iron 
salts, especially, markedly increase the rate of 
h^^drogenation of aldehydes. 

Many authors have noted the effect of mineral 
acids in small amount in 8i>epdiiig up hydro- 
genation (Kindler, Brandt and Gehlhaar, 
Annalen, 1934, 511, 209; Kindler and Peschke, 
tbid. 1935, 519, 291 ; Brown, Durand and Mar- 
vel, J. Amer. Chem. Soc. 1936, 58, 1594), and a 
recent study shows that the hydrogenation of 
benzene w ith platinum black is markedly depen- 
dent on Pij, being fastest in acid, and almost 
stopped in alkaline, solution (Forcsti, Gazzetta, 
1936, 66, 455, 464). Peroxides, such as benzoyl 
peroxide and porbenzoic acid, have also been 
found to increase the velocity of catalytic 
hydrogenations (Thomson, J. Amor. Chem. Soc. 
1934, 56, 2744). 

General Considerations. — Owing to the 
vastly different characters of the available 
catalysts it is not possible to place them in any 
definite order of effectiveness. For laboratory 
hydrogenation the catalysts in greatest favour 
are Adams’ platinum oxide catalyst, palladised 
strontium carbonate or charcoal, and Raney 
nickel. The most favoured solvents are ethyl 
alcohol and acetic acid. 

The effect of constitution on ease of hydrogena- 
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tion follows no very general rules, but the hydro- 
genation of aromatic nuclei is more diHicult 
than that of ethylcnic and acetylenic linkages 
and carbonyl groups. Among ethylcnic com- 
pounds it has been observed by many workers 
that the rate of hydrogenation decreases with 
the acoumulation of alkyl groups on the un- 
saturated carbon atoms {cf. Vavoii et a/.,Coinpt. 
rend. 1923, 176 , 898; 177 , 401, 453; Lebedev, 
Kobliansky and Yakubchik, J.C.S. 1925, 127 , 
417). It has been observed that tlie cyclo- 
pentane ring is sometimes opened in hydro- 
genations at high temperatures (Zelinski, 
Kazanski and Plate, Ber. 1933, 66 [B], 1415; 
1935, 68 [B], 1869; Denisenko, ibid. 1936, 69 
[B], 1.353, 1668, 2183). 

Paal and Schiedewitz {ibid. 1927, 60 [BJ, 1221 ; 
1930, 63 [B], 766 ; Paal, Schiedewitz and 
Rauscher, ibid. 1931, 64 |B], 1521) state that, 
in general, the cis-forms ol ethylcnic^ compounds 
are more rapidly hydrogenated tlian the traus; 
Weygand, Werner and Lanzendorf (J. pr. Chein. 
1938, [ii], 151 , 231), however, lind that this 
coneluHir)n is not universally valid According 
to Bourgucl and Yvon ((^impt. rend. 1926. 182 , 
224) the partial hydrogenation of acetylenic 
compounds yields ri.*J-etiiylenio coni[iounds. A 
stereochemical conclusion which is much more 
general is the now classical Aiiwcrs-iSkita rule 
(ISkita, Her. 1920, 53 1B|, 1792; von AuwM‘rs, 
Annalen, 1920, 420 , 84) which states that 
hydrogenation in neutral or alkaline solution 
favours the formation of compounds, 

whereas hydrogenation in acid media leads to 
fia-compounds. This rule has proved of great 
value in the assignment of configurations to 
many products but its interpretation is, in cer- 
tain cases, rather doubtful (Ruzicka, Bnuiggcr, 
Eichenberger and Meyer, Helv. Chim. Aeta, 
1934, 17 , 1407). 

In a recent review (Chem. Soc. Annual Rcji. 
1937, 34 , 221) Linstead remarks that “ Hydro- 
genation of unsaturated compounds over 
platinum or palladium catalysts is now part of 
standard technique. By the improvement in 
the activity of catalysts ... it has become 
possible to hydrogenate almost any description 
of double bond, the tiperation being carried out 
in the liquid phase or in solution at the ordinary 
temperature and at the ordinary or very slightly 
raised pressure. . . . Complete hydrogenation 
has thus largely become a matter of routine, and 
the main developments must now be in the 
improvement of selectivity.'’ Several examples 
of selective hydrogenation will bo discussed 
later, but certain results may be mentioned 
here. Dupont (Bull. Soc. chim. 1936, [v], 3 , 
1021, 1030) found that Haney nickel w as generally 
more selective in its action tlian Adams’ catalyst; 
in the hydrogenation of polyenes with this 
catalyst stepwise reduction was the rule as it was 
in the case of acetylenes. Similar results were, 
however, obtained by Bourguel (Bull. Soc. chim. 
1927, [iv], 41 , 1446) with a platinum catalyst 
The work of Adkins on high pressure hydro 
genation with Raney nickel and copper chromite 
has led to the possibibty of achieving remarkably 
selective hy(irogenation. Thus, since copper 
chromite is inactive to benzene nuclei, whereas 
Raney nickel is inert towards ester groups, it is 


possible to hydrogenate one and the same 
Tomatic ester to an aromatic alcohol, with 
[topper chromite, or to a cyclohexane ester, with 
Raney nickel. A most remarkable selective 
hj^drogenation is the reduction of butyl oleafce 
bo the corresponding unsaturated octadecenol 
using a zinc- chromium oxide catalyst (Sauer 
and Adkins, J. Amor. Chem. Soc. 1937, 59 , 1). 

SPECIAL. 

The remainder of this article deals, in detail, 
with the hydrogenation of varioius important 
'lasses of compound. 

Ethylenic Compounds. — In general carbon- 
carbon double bonds are readily hydrogenated 
even with comparativi4y imn-t catalysts ; car- 
boxyl groups do not interfere and it is generally 
possible, by correctly choosing the experimental 
■onditions, to hydrogenate the ethyleniu linkage 
in an unsaturated carbonyl compound without 
aflTecting the carbonyl groups {rf. Skita, Ber. 
1908, 41 , 293S ; Skita and Ritter, ibid. 1910, 43 , 
3393; Paal, ibid. 1912, 45 , 2221 ; Vavon, Ann. 
chim. 1914, |ix], 1 , 193). A useful table showing 
the relative ease of hydrogemation (Adams’ 
■atalyst) of a wide range of cthylenu! com- 
pounds is given by Keiii, Shriner and Adams 
(J. Amor. Chem. Soc. 1925, 47 , 1147) ; attention 
has already been drawn f-o flic laet that the rate 
of hydrogenation of an etbyliMiic biikage is 
reduced by the aecumnJal ion of substituents 
{cf. Zartman and Adkins, ibid. 1932, 54 , 1668 ) ; 
Lebedev and Platonov, fl.f '.S. 19.30, 321). Paal 
(Ber. 1912, 45 , 2221) studiid the stepwise 
hydrogenation of a series of dienic compounds ; 
he concluded that stepwise hydrogenation only 
occurred when the double bonds were He[iarated 
by at least 1 carbon atom, thius : 

PhCH.CH CH:CH COMe 

■I 2H, 

; PhCH^ CH^'CH., CHg COMe 

but 

PhCH:CH CO CHrCHPh 

I H, 

J.r“. PhCHj CHj CO CHj CHjPh 


Similai phenomena are observed with terperie 
derivatives {rf. VVallaeli, Annalen, 1911, 381, 51), 
e.g. hmonene : 



If a relatively inactive catalyst is used it is 
frequently possible to obtain good yields ol the 
pure mono-unsaturated compound in this way 
{e.g. caryophyllene -> dihydrocaryophyllene ; 
Deussen, ibid. 1912, 388 , 156 ; . 7 . pr. Chem. 1926, 
[ii], 114 , 83). 
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Acetylenic Compounds are luually very 
readily hydrogenated under mild conditions. 
Two-stage hydrogenation : 

RC;CR'— ^ RCH.CHR'— RCHj CHjR' 

has frequently ifrrn observed, especially with 
palladium ralalysts (rf. Paal ft al., Ber. 1909, 
42,9990; 1915,48,1202; Kelljer and Schwartz, 
ibid. 1912, 45, 1940; B(jurguel, Bull. Soe. chim. 
1927, [iv), 41, 1475), IMatinuin catalysts are 
not HO effectj\e in bringing about this partial 
hydrogenation, nii\tnr(‘H of Naturated and 
ethylenn* eomiioundH being produced (Paal and 
Schwartz, Her. 191S, 51, 1)40; Salkind et ah, J. 
Hiiss PhvH. (9n‘rn. Soc. 1914, 45, 1875; 1917, 
49, 190; Ber. 1999, 66 [B], .921 ; J. Gen. Gliern. 
U.S.S.R 1999,3,91; 19.90,6, 1085; 1997,7,740, 
1295). Haney nnki'l (Dupont, Bull Soe. ehiin. 
1990, [v], 3, 1090; (’ainpbell and O’Connor, J. 
Ainer. Cheni Soc. 1999, 61, 2897) and the iron 
catalyst prepai(‘d similaily (Paul and Hilly, 
Coin])t, rend. 1998, 206, ti08 ; Thompson and 
Watt, .1. Anier. Cliein. Soc. 1940, 62, 2555) are 
etfeitive eatalyHt.H for t))(‘ semi -hydrogenation 
of acetylenes. U.S.P. 1920242 deHcribes the 
liartial hydrogenation of viiiylaeetyUme to 
butadiene. Bourguel (Coinpt. rend. 1926, 180, 
1753) fimla that th(^ hydrogenation of acetylenic 
conqioiinds witli colloidal palladium at low 
teinjieratures nsnully yieldH the ci.v-foriri of the 
(‘thyleiue product. 

Aromatic Nuclei. — Tin* hydrogenation of 
the iKmzene mieleus is a more ddlieuJt proc*(‘Ks 
than that of the etliylenie double-bond ; it is 
best brought about with a t)latmum catalyst 
111 acetic acid solution (^Vlllstatter and H.itt, 
Ber. 1912, 45, 1471 ; Skita and Meyer, ibid. 
1912, 45, 9.789). Adams and Marshall (.1. Amer. 
Chem. Soe. 1928, 50, 1972) give a useful table 
of the relati\e rates of liydiogenation of a range 
of aroinatie c-oiniiouiKls with Adams’ catalyst 
ill acetic acid. Cop])er (hromil.e is not effeetive 
tor tlie hydrogenation ot aromatic innlei, but 
benzene and its liomolognes are liydrogeiiated 
over Baiiey nickel at 120 175 / 100 atm.; the 
aceuuiulatioii of phenyl groups renders hydro- 
genation inort' ditlieult (Adkins, Zartman and 
Cramer, ibid. 19.91, 53. 1425; Zartman and 
Adkins, ibid. 19.92, 54, IbtiS). Benzeiioid eom- 
poundfl are also fairly readily hydrogenated by 
the method of Sabatier and SeiidereiiR (Conipt. 
rend. 190), 132, 210, 506, 12.54) ; in the case of 
compounds eontaiiiiiig several isolated benzene 
iiuel(*i it is possible to hydrogenate these 8ue<*es- 
sively (Sabatier and Murat, ibid. 1912, 154, 
1390, 1771 ; 156, 986 ; Godehot, ibid. 1908, 147, 
1057). It is interesting to note that, whereas 
most diphenyl derivatives can be hydrogenated 
normally, certain compounds which are optically 
active owing to restricted rotation are very 
resistant to hydrogenation (W^aldelaiid, Zartman 
and Adkins, .1. Amer. Chem. Soc. 1999, 55, 4234). 
Willstdttcr and King (Ber. 1919, 46, 527), using 
platinum black, brought about the hydrogena- 
tion of styrene in two stages : 

d-Hj 

PhCHiCH, — PhCHa-CHg 

+ 3Ha 

i CeHiiCHa-CHa 


Sabatier and Senderens (Compt. rend. 1901, 
182, 1257) succeeded in hydrogenating naph- 
thalene to tetrahydronaphthalene (tetralin) ; 
Leroux {ibid. 1904, 139, 672), using more 
drastic conditions, converted this into doca- 
hydronaphthalcne (decalin). Using a nickel 
catalyst at 250"/120 atm., Ipatiev (Ber. 1907, 
40, 1281) brought about the two-stage hydro- 
genation ot naphthalene : 



Decal ill. 


Wdlstattm* and his eo-workers made a carefu)| 
study of the hydrogemitiini of naphthalene ovei^ 
platinum black in ai-etie acid ; they were able to. 
demonstrate the successive formation of the', 
dihydro-, tetrahydro- nnd dceahydro-com- 
poiiuds {ibid. 1012, 45. 1471; 191.9,* 46, 527). 
Willstatter and Seitz {ibid. 1924, 57 [B], 689) 
show'cd that the deealin so obtained was the 
pure cnv-eom]K)und. wlnneas nickel at iOO"* 
yields chiefly /mw.s-di‘ealin. Tlie most important 
work on tlie hydrogenation of naphthalene is 
probably that ol Sehroeter (Annaleii, 1922, 
426, 1) who worked out a method, using a 
nickel catalyst at 290 712-15 atm., for tlio 
production of tetralin in largo quantities. Since 
naphthalene is produced as a by-produet in 
quantities greatly in excess of requirements, its 
hydrogenation to useful solvents has become of 
great technical importance (B.P. 147474, 147476, 
147580, 147747, 172688, 322445; U.S.P. 

1793908, 1793909 ; G.P. 299012, 324861, 324862, 
324863; cf. B.P. 304403). Musser and Adkins 
(J. Amer. Chem. Soe. J938, 60, 664) lind that 
naphthalene may be hydiogenated to tetralin 
over Raney nickel at 100'; with copper 
chromite a higher temperature (200“) is required, 
but the reaction stops completely at the tetralin 
stage. Ijush (J.S.C.l. 1927. 46, 454T) finds that, 
with a nickel catalyst, vapour-phase hj'^dro- 
genation of naphthalene yields exclusively 
tetralin, while deeahn is produced in liquid- 
phase hydrogenation ; he suggests that this 
i.s duo to a ditt’erenee in ori(*ntation at the cataly- 
tic surface in the two phases. On the other 
hand, MailJard (Gompt. rend. 1933, 197, 1422) 
linds that, in the liquid phase, deealin is pro- 
duced directly at 20", whereas tetrahn forms an 
intermediate product at all temperatures above 
60". 

Godehot (Ann. Chim. Phys. 1907, [viii], 12, 
468 ; Bull. Soc. chim. 1907, [iv], 1, 724) observed 
stepwise hydrogenation of anthracene to tetra- 
hydro-, octahydro- and porhydro- anthracenes in 
the vapour phase over an active nickel catalyst, 
and similar results were obtained by pressure 
hydrogenation (Ipatiev, Jakovlev and Rakitin, 
Ber. 1908, 41, 996). Sehroeter {ibid. 1924, 67 
[B], 2003) found that anthracene undergoes 
hydrogenation with a nickel catalyst at 120- 
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160°/10— 20 atrn., to the octahydro-compound 
in three stages : 



Fries, Schilling and Littmann {ibid. 1932, 65 [B], 
1494) state that the l:2:3:4>tetrahydro-com- 
pound is formed by two simultaneous reactions, 
viz. a slow reaction through the 9:10-dihydridc 
and a fast direct reaction. Further hydrogena- 
tion yields perhydroanthracene, which is ob- 
tained in different stereoisomeric forms accord- 
ing to the catalyst and solvent used. Martin and 
Hugel (Bull. Soc. ehim. 1933, [iv], 58, 1600) have, 
however, brought forward evidence in support 
of Schrocter’s view of the course of the reaction. 
According to Waterman, Leendertse and 
Cranendonk (Rec. trav. chira. 1 939, 58, 83) hydro- 
genation of anthracene over a nickel-kieselguhr 
catalyst yields first octahydroanthracone and 
then a mixture of porhydroanthracenes. 

The earlier results on the hydrogenation of 
phenanthrene (Breteau, Compt. rend. 1905, 140, 
942 ; Schmidt and Metzger, Ber. 1907, 40, 4240 ; 
Ipatiev, Jakovlev and Rakitin, ibid. 1908, 41, 
996 ; Schmidt and Fischer, ibid. 1908, 41, 4252 ; 
Padoa and Fabris, Gazzetta, 1909, 89, 333) are 
somewhat conflicting. It was shown, however, 
by Schrootcr (Bcr. 1924, 57 [B], 2025 ; Schroeter, 
Muller and Huang, ibid. 1929, 62 [B], 645) that 
the reaction took the following course : 



The symmetrical octahydride can be prepared 
in good yield by this method (van de Kamp and 
Mosettig, J. Amer. Chem. Soc. 1935, 57, 1107) ; 
recently Durland and Adkins {ibid. 1937, 59, 135) 
working with Raney nickel and copper chromite, 
have shown that, by varying the experimental 
conditions, considerable amounts of the un- 
lymmetrical octahydride may be obtained. The 
pure 9:10-dihydride may be prepared in quantity 
by selective hydrogenation using a special copper 
chromite catalyst (Burger and Mosettig, ibid. 
1935, 57, 2731 ; 1936, 58, 1857). 

.1. von Braun and Irmisch (Ber. 1932, 65 [B], 
883) found that chrysene is hydrogenated over a 
nickel catalyst in three stages : 



These workers were unable to obtain the 
perhydro- compound, but Spilker (Angew. 
Chem. 1935, 48, 368) succeeded in preparing this 
by using specially pure chrysene in docalin 
solution. 

Benzene Derivatives. — According to the 
conditions, a phenol may be hydrogenated either 
to the corresponding cycZohexanol or to the 
cyclohexanone : 



The initial formation of the enolic form of the 
cyclohexanone postulated in the above scheme 
has been substantiated by the work of Grignard 
and Mingasson (Compt. rend. 1927, 186, 1662). 


VoL. VI.— 23 
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In the vapour-phase hydrogenation of phono- 
over nickel, Habaticr and Senderens {ibid. 1903. 
137, 1027) found that the amount of cydo- 
hexanone formed incroaHed with rise of tempera 
iure. The mixture formed from phenol b; 
hydrogenation at ISO'’ may be converted into 
pure cycifohexanol by rehydrogenation with 
nickel at 1.50-170'' and into pure cydohexanon* 
by dehydrogenation over copper at 330'^ 
homologucH behave Rimdarly (Sabatier and 
Mailhe, ibid. 190.5, 140, 350; 1900, 142, 5.53) 
WilUatter and Hatt (Her. 1912, 45, 1471) 
iJHing platinum black in acetic acid, obtained a 
mixture of cyc/ohexanol and ryeZohexanonti from 
phenol ; however, a convenient laboratory 
method for the hydrogenation of phenol tc 
ryr/ohexanol with AdamH’ catalyHt in acetic acid 
haH been dcHcribed (Adams and Vocirhees. 
J. Aincr. (Ihem. Soc. 1922, 44, 1404). Broche 
(('Ompt. rend. 1922, 176, 5H3 ; Bull. Soc. chim 
1922, |ivl, 81, 1270) studied the pressure hydro 
genation of a number ol phenols to the eorre 
sponding cyriohexaiiols over nickel. In recent 
years cvr^ohexanoiic {q.v.) (“ iSextone ") and cydo 
hcxanol {q.v.) (“ Sp.rtol " ; “ Ilexahu ”) and their 
homologues have beciome technically important 
as inexpensive solvents and large quantities are 
produced by the hydrogenation of phenol and 
the eresols (U.S.P. 1247629, 104.3619; G.P 
444665, 473960). The hydrogenation ol poly- 
phenols is not generaily very satisfactory 
(Sabatier and Senderens, Ann. Chim. Phys. 
1905, f viii|, 4, 428 ; Sabatier and Mailhe, Compt. 
rend. 1908, 146, 1193; Ipatiev and Bongo voy, 
J. Russ. I’hys. Chciii. Soc. 1914, 46, 470; Wie 
land and Wishart, Her. 1014, 47, 2082; Von 
Braun, Haenael and Zobel, Annalen, 1928, 462, 
283). 

a- and j9-Naphthols on reduetioii over nickel 
at 130'’ give 86% and 75% respectively of the 
l;2:3:4-tetrahydro-derivative and 15% and -5% 
respectively of the .5:(i;7:8-tetrahyilro-derivativc 
(Broehet and Cornubort, Corajit. rend. 1921, 
172, 1499; Bull. Soc. chim. 1922, [iv], 31, 
1280). Schroeter (Annalen, 1922, 426, 83) 
obtained large amounts of a-tetralone and of 
tetralin in the hydrogenation of a-naphthol at 
200° ; at lower temperatures a-tetralone was the 
chief product. With j8-iiaphthol less de-oxy- 
genation was observed (r/. Huckel, ibid. 1927, 
451, 109). Complete hydrogenation of the 

naphthols yields a- and jS-decalols (Leroux, 
Compt. rend. 1905, 141, 96,3; Ann. Chim. Phys. 
1910, [viii], 21, 483; Ipatiev, Ber. 1907, 40, 
1281; G. P.444665). 

Sabatier and Murat (Compt. rend. 1912, 154, 
923) were unable to hydrogenate benzoic acid 
w'ith nickel at 170-180° but found that benzoic 
esters were readily converted into the cydo- 
hexane derivatives. Ipatiev anil his eo-workcrs 
(Bor. 1908, 41, 1001 ; 1926, 59 fB], 306) were 
able to bring about the smooth hydrogenation of 
the alkali salts of aromatic acids by using nickel 
under pressure. This method is to be preferred 
when the vapour-phase hydrogenation of the 
ester is accompanied by decarboxylation ; thus, 
diethyl phthalato yields carbon dioxide and the 
esters of phthalic and benzoic acids, whereas 
potassium phthalate gives potassium cydo- 
bexane l;2-dicarboxylate in good yield (Ipatiev 


and Philipcv, ibid. 1908, 41, 1001). Skita and 
Meyer {ibid. 1912, 45, 3589) were able to hydro- 
genate benzoic acid successfully with colloidal 
palladium in ai'ctic acid, and Willstfttter and 
Jaquet {ibid. 1918, 51, 767) studied the hydro- 
genation of several aromatic acids with platinum 
black in acetic acid ; the latter authors noticed 
the interesting fact that hydrogenation was 
rendered very much more difficult by the 
presence of even small traces of the acid 
anliydride. The hydrogenation of ethyl ben- 
zoate with Adams’ catalyst in ethyl alcohol 
has been describcHi by Gray and Marvel ( J. Amer. 
Chetn. 8oc. 1926, 47, 2799). The presence of a 
hydroxyl group appears to facilitate the hydro- 
genation of aromatic acids ; thus, Balas and 
Srol ((!olI. Ozcch ('hem. Comm. 1929, 1, 685; 
r/. Edson, J.S.C.I. 1934, 53, 138T) were able 
hydrogenate bydroxybcnzoic acids under ver 
mdd conditions. 

The hydrogenation of aromatic amines i, 
complicated by the formation of by-products] 
Thus Sabatier and Senderens (Compt. rend.; 
1904, 138, 457, 1267) found that, in the vapour-, 
phase hydrogenation of aniline over nickel, not 
only was cyciohexylamino formed by the 
normal redaction, but the secondary amines 
dinyc/olicxyhiininc and ci/fiohexylaiiilinc were 
also jirocJuced, ammonia being eliminated. 
The same side-reactions are observed with other 
catalysts, e.g. nickel under pressure (Ipatiev, 
Ber. 1908, 41, 991), Wills tatter’s platinum black 
(W'dlstatter and Hatt, ibid. 1912, 45, 1471). 
This type of side-reaction does not o(‘cur with 
see- and feW-aromatic amines (Sabatier and 
Senderens, ibid. 1901, 138, 1257 ; Darzens, ibid. 
1009, 149, l(X)l). Adam’s catalyst has been 
used successfully in the hydrogenation of 
aromatic amines (Hiers and Adams, ibid. 1926, 
59IBJ. 162). 

Heterocyclic Compounds. — The hydro- 
g(*natioii of many lioterocyclii* compounds by the 
Sabatier-Senderens technique is unsatisfactory 
owing to rmg-hssion, but Darzens (Compt. rend. 
1909, 149, 1001) Huccessfiilly hydrogenated 

quinoline over nickel at 160-180° to the 1;2:3:4- 
tetrahy d ro -deri v a ti ve . 


r 



Pressure hydrogenation has also been employed 
successfully (Von Braun, Petzold and Seemann, 
Ber. 1922, 55 [BJ, 3779; Sadikov and Mik- 
hailov, ibid. 1928, 61 [B], 421, 1797; J.C.S. 
1928, 438) ; the nature of the product is depen- 
dent on the nature and position of the substi- 
tuents (Wm Braun ei al., Ber. 1923, 56 [BJ, 1338, 
1347). Platinised asbestos appears to be a 
ipecially useful catalyst for the hydrogenation of 
3 yridine to piperidine (Zelinsky and Borisoff, 
bid. 1924, 67 [B], 160). The hydrogenation of a 
largo number of pyridine and quinoline deriva- 
tives with colloidal palladium was studied by 
Skita and his co-workers {ibid. 1912, 46, 
3312, 3579; 1916. 49, 1697; 1924, 67 [B], 
977) ; gum arabic was used as the protective 
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colloid and the presence of arctic acid was 
advantageous except in the case of pyridine 
wliich was best hydrogenated in the presence of 
hydrochloric acid. Adams’ platinum oxide 
catalyst is not effective for the hydrogenation 
of free pyridine, but the hydrochloride is readily 
hydrogenated in alcoholic solution (Hamilton 
and Adams, J. Ainer. Chem. 8oc. 1928, 60, 
2260). Using colloidal platinum, quinoline has 
been hydrogenated to a mixture of stereoisomeric 
decahydro- compounds : 



(Huckel and Stcqif, Aiiiialen, 1927, 463, 163; 
J.ehmstedt, Ber. 1927, 60 [B], 1370). Recently, 
Raney nickel has been foiind to he an excellent 
catalyst for the hydrogenation of pyridine and 
its derivatives (Adkins and Connor, J. Arner. 
Chem. 8oc. 1931, 53, 1091 ; Adkins, Kiiiek, 
Farlow and Wojcik, ibid. 1934, 56, 242/)), sub- 
stituents in the 2- and 6- positions facilitating 
the hydrogenation ; a special iialladised nickel 
catalyst has also been recommended (Ushakov, 
Livshitz and Zhdanova, Bull. >Soc. chim. 1935, 
[v],2, 573). JM. T)<‘ .long and Wibaiit (Rec. trav. 
chirn. 1930, 49, 237) used Adams’ catalyst in 
acetic acid for the hydrogenation of pyrroles to 
pyrrolidines and observed that substitution 
facilitated hydrogenation ; a similar observation 
has been made with Raney nii'kel (8ignaigo 
and Adkins, .1. Amer. Chem. Soc. 193t), SB, 
709; Rainey and Adkins, ibid. 1939, 61, 1104). 

The hydrogenation of furfural in the vaiiour- 
phase over nickel is a complicated process, the 
following reactions taking [)lacc : 


I i'CHO 

CH 3 COMe 


+ H- 




+ 3H, 


Isom 




Me 


CHgMe CHg CHMe OH 


(Padoa and Ponti, Atti R. Accad. Lincei, 1906, 
16, (ii), 610; cf. F.P. 639756). Scheibler, Sot- 
Bchek and Friese (Ber. 1924, 67, 1443) attempted 
to hydrogenate furfural to tetrahydrofurfural ; 
in order to protect the aldehyde group they em- 
ployed the diethylacetal and the diacctatc, of 
which only the latter gave satisfactory results. 
Kaufmann and Adams (J. Amer. Chem. Soc. 
1923, 46, 3029) found that tetrahydrofurfuryl 
alcohol was the main product of the hydrogena- 
tion of furfural with Adams’ catalyst in alcoholic 
solution ; ferric chloride is a marked promoter 
for this reaction. Tetrahydrofurfuryl alcohol 
is now made on a large scale for use as a solvent 


(U.S.P. 1703697). Wienhaus (Ber. 1913, 46, 
1927; 1920, 58 fB], 1666) has successfully 

hydrogenated furan rings wdth a colloidal pal- 
ladium catalyst. Pyronos may be smoothly 
hydrogenated in the nucleus with colloidal 
palladium or with platinum black (Borschc et al., 
ibid. 1915, 48, 682 ; 1926, 69 [B], 237). 

Carbonyl Compounds. — Hydrogenation of 
a carbonyl compound may yi^ld either an alcohol 
or a hydrocarbon : 



+ 2H2 


I 

C--0 

I 

1 




i 

I 


H OH 


With platinum black, alcohol formation occurs 
readily with aromatic aldehydes and with c 3 "clic 
ketones ; in other cases the reaction is generally 
slower. Ill those cases in w^hich much hydro- 
carbon tends to be formed (e.ff. citral, acetone, 
acetoacetii* ester, acctophc'rionc) the use of 
aqueous alcohol as solvent diminishes the yield 
of hydrocarbon (V’avon, (’ompt. rend. 1911, 163, 
68; Ann. (’hnn. 1914, [ixj, 1, 148; 81iriiier and 
Adams, J. Amer. Chem. Soe. 1924, 46, 1683). 
Faillehm (Ann. C-hiin. 1925, fx], 4, 156) observed 
that the presence, of traces of iron or aluminium 
ill the platinum catalyst favoured alcohol for- 
mation , a promoter action with these metals 
was ohserveui Shriner and Adams (J. Amor. 
Chem. Soc. 1923, 46, 2171) and Carothers and 
Adams (ibid. 192.5, 47, 1047). Sabatier and 
Seiidercns ((Jompt. rend. 1903, 137, 301 ; r/. 
Amouioiix, Bull. Soe. chirn. 1910, (iv], 7, 154) 
found that alijihatic aldehydes 'and ketones 
were satisfactorily hydrogenated to alcohols in 
the vapour-jiliase over nickel; ri/r/opeiitanones 
generally gave eoiisiderable, amounts of by- 
pioduct (r/. Zelinsky, Ber. 1911, 44, 2779, 2781, 
2782 ; Godchot and Taboury, Cornpt. rend. 
1911,152,881; 1913,166,470; Bull Soc. chim. 
1913, [iv], 13, 591) but cyclohexanones were 
reduced normally (Sabatier and Senderens, 
Ann. (Jhim. Phys. 1905, [viiij, 4, 402 ; Haller 
and Martine, C’ompt. rend. 1906, 140, 1298). 
Using nickel under pressure, Ipatiev (Ber. 1907, 
40, 1270) found that an equilibrium : 


+ Hj 

RR'co rrchoh 

-H, 


was set up, the same mixture of alcohol and 
ketone being obtained from either pure com- 
ponent. J. von Braun and Kochenddrfer (ibid. 
192.3, 66 [BJ, 2172), however, applied the 
Schroeter procedure to a number of carbonyl 
compounds and achieved smooth formation of 
alcohols, except with aliphatic aldehydes, which 
3 rielded varying amounts of bimolecular sec- 
alcohol (cf. Von Braun and Manz, ibid. 1934, 
67 [B], 1696). Both Raney nickel and copper 
chromite are good catalysts for the hydro- 
genation of ketones to alcohols by the Adkins 
method (Adkins and Cramer, J. Amer. Chem. 
Soc. 1930, 52, 4349 ; Adkins and Connor, ibid, 
1931, 58, 1091 ; Covert and Adkins, ibid. 1932, 
54, 4116; Zartmon and Adkins, ibid. 1932, 54, 
1 668) . Del^pine and Horeau (Compt. rend. 1 935, 
201, 1301; 1936, 202, 995; Bull. Soc. chim. 
1937, [v], 4, 31) find that the hydrogenation of 
carbonyl compounds with Raney nickel is 
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petrolenm before weighing. Among the areeni- 
cals which gave good resultB by this method 
were Stovarsol ” and c acodybc acid.®’ 

Mercury ^"^ — The apparatus is very similar to 
that used for arsenic, except that a weighed 
U-tiif)e cooled in a water bath acts as the receiver. 
If the substance contains any halogen element it 
is mixed with sodium sulphide, and the boat is 
enclosed in a cylinder of filter papier to protect 
the quart'/, tube. 

Cadmium .^** — The substance is mixed with 
calcium carbonate if sulphur or halogens are 
present, and the cadmium is distilled over into 
a weighed tube. 

Zinc compounds when treated in the same 
way yield a deposit of metal mixed with oxide, 
which is dissolved in nitric; acid, the solution 
evaporated and the residue ignited and weighed. 

Note . — The asbestos lay(‘r, which acts as a 
decomposition catalyst., is heated by a Fletcher 
gas furnace, or electrically. Ter Meulen and 
Laccjiirt however recommend for this purpose 
Van den Rerg's furnace simply constructed by 
boring a diatomite bnek with holes for the tube 
and for three liunsen buniers.*'* 27 

Estimation of Sulphur.^' *< ® — A (piartr. 
tube 40 era. long contains a boat hold- 
ing 20-G0 mg. of the sample followed by a 
20 cm. layer, of platinised asbestos.^* ® 
The air in the tube is displaced by COj before 
admitting a current of hydrogen which has 
passed through acid ptTiuanganate, alkaline 
t»ermanganate and silver sulphate solutions but 
need not be dried. iSubstanecs which char 
considerably must be mixed in the boat with 
06 g. platinum black.®® The absorbent for 
the HgS evolved is a 10% solution of zinc sul- 
phate to which an equal volume of 10% s(»dium 
acetate and a drop of acetic acid have been 
added. This is contained in a U-tube with one 
wide arm. The analysis is finished by adding an 
excess of standard iodine and a few c*.c. of 
dilute HCl to the cool absorbent and titrating 
with Na.SjOg (Vol. 11, OOO). Gauthier® used 
platinised pumice in a hard glass tube for his 
accurate analyses of sulphonal, thiourea, etc. 
Alkali sulphonates were heated as usual, allowed 
to cool, a little HCI added to the residue in the 
boat and the process repeated. Similarly a 
second heating with addition of 10 mg. borax 
was necessary for metallic- organic compounds 
(20 mg. taken) and for coal (50 mg.). Sulphales 
are mixed with HgBO,., before reduction.®^ 
f\)r difficult substances, e.g. tliianthreue, ter 
Meulen ®' • replaced the usual catalyst by two 
separate spirals of platinum foil ; see aho 
Lacourt.’ In German’s micro method for sul- 
phur the vapours from 3-5 mg. of the sub- 
stance pass with the hydrogen over Pt gauze ; 
cf. Lacourt.^® 

Nickel catalysts absorb S and can not be 
used here. Pure asbestos at a high tempera- 
ture, instead of Pt-asbestos or Pt-pumice, has 
been tried.®* The substaiico may be heated by 
an A I block, bored to hold the tube, while the 
catalyst is conveniently heated in Van den 
Borg's furnace. Small quantities of sulphur are 
estimated colorimetrically.® 

Estimation of Halogens.*® — A current of 
hydrogen saturated with ammonia is passed 


over 50 mg. of the sample which is cautiously 
heated in an othcri^dse empty quartz tube heated 
to redness beyond the boat. A sublimate of am- 
monium halide forms in the 40 cm. cold part of 
the tube.®® When decomposition of the sub- 
stance is complete (ca. 50 min.) the tube is 
washed out with water, the solution acidified 
with acetic acid, boiled for a few minutes (to 
expel any H2S or HCN present) and the halogen 
finally estimated gravimetrically (Br, I) or 
volumctrically (Cl). ®’ ’ In an improved 
method ®® the gases pass through a spiral 
of nickel foil or wire and finally over a boat 
containing BaCOg, both spiral and boat are 
heated to redness. The intermediate length 
of the tube is not heated. Halogen as barium; 
and ammonium salt is estimated as usual.' 
Results differed from those calnilaterl by the 
following amounts : hcxachloroethane, - 0-4% 
Cl; dibromoanthracene, +01% Br ; iodoform, \ 
--0-2% I. Gauthier® and Lacourt ’ were , 
equally successful. 

The micro method for halogens worked out by 
Lneourt '®- depends on the properties of a 
nickel chromite catalyst ***• after prolonged 
treatment with aqueous and gaseous HCl until 
free from oxide. The substance, 2-5 mg., is 
heated in a current of pure Hg, the vapours 
pass over 2 boats of the catalyst, for cracking 
and for liydrogenation at 4.50'^ respectively. 
The hydrogen halide formed is titrated alter 
being absorbed in water in a U-tube {v. Sulphur) 
kept just alkaline to Methyl Red by adchtions 
of 0'02A'-alkali from a microburette.*® Among 
the results were: carbon tetrachloride, 2- 163 
rag., found 92-25% Cl (92-22), time 5 minutes. 
Peiitabroinotoluene, 2-751 mg., found 84-02% 
Br'(84‘56), 16,’mmuteH. lodocamphor, 4-952 mg., 
found 45-67% I (45-65), 12 minutes. A new 
tube is in condition whem the escaping hydrogen 
has no effect on the indicator.*’ 

Estimation of Nitrogen.®-®-^* — The sub- 
stance. 10 mg.,’- ^® is mixed with 0-1 g. activated 
nickel^® and heated by an A I block,® 9x4x4 
cm., bored to hold the hard glass tube ; another 
block, 12 V 4 X 4 cm., serves to heat the catalyst 
(Ni f 10% ThOg on asbestos) to 350“, or to 250° 
for bydra-zidcH. A current of purified hydrogen 
{v. “ Estimation of Sulphur,” sujira) carries the 
NHg formed through a little water contained in 
the U-tube already described. This water is 
kept faintly acid to Methyl Orange by adding 
0-1 V-HCI from a microburottc *® (fig. 3). 

Weygand ^® recommends asbestos cardboard 
ovens ® for heating the tube, nickel reduced 
from the formate in the tube and 0-05JV- 
HCl for titrating. A eork connection is avoided 
by drawing out and bending the outlet end of 
the tube. If the sample contains S, Cl, Br or I, 

2 cm. of soda-bme is placed before the 
catalyst.^®' *® The preparation of the activated 
catalyst has been described already (p. 360c). 
Several workers have compared Kjcldahl’s 
method with ter Meulen’s, the latter being 
preferable except when a large number of 
analyses must be made daily. ^®’ *®- *'■ *®- ®^ 

Heertjes ®* analysed 10 mg. samples of tri- 
nitro aromatic bodies by mixing 10 mg. with 1 g. 
of activated Ni in the boat, improving contact 
by adding a few drops of acetone. Similarly 
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dilute KOH 10 added to a mixture of protein 
and catalyst.*’ The accuracy of the method 
is about ±0-2%. Gauthier* found 1406% N 
in antipyrine (calc. 14-89). Activated nickel 
is essential for difficult substances such as 
semicarbazides. 

The progress of the analysis is followed and 
regulated by means of ter Meulen’s method of 
continued titration. When ammonia ceases to 
be evolved, the boat is heated by the full flame 


of the burner until decomposition has coaBed. 
Owing to the small volume of absorbent water 
in the U-tubc, 0-01 5 c.c. of O-Ol A’-acid causes a 
change in the indicator, corresponding to about 
0-002 mg. N. An analysis requires about 10 
minutes. Nickel formate,'* *® oxalate*® and 
oxide usually contain nitrogen ; they are reduced 
in the tube while, a titration is carried out as for 
an analysis until nil the nitrogen has been 
expelled. 



FitJ. 3 . — Estimation of Nitbooen. 


The references may be classified mainly 
according to the elements determined : 

Oxygpti, grammcinc, 2, 3, 4, 10, 27, 32, 33, 34, 
35, 36, 38, 39, 45, 46. Oxygm^ volumetric, 27, 
37,40,41. 

Nilrogev, volumetric, 3, 10, 12, 14, 15, 19, 20, 
21, 22, 24, 25, 31. 

Sulphur, volumetric, 1, 3, 4, 6, 7, 8, 10, 11, 52. 

Halogens, volumetric and gravimetric, 3, 13, 
14, 29, 30, 55. Halogens, by direct titration, 27. 

Arsenic, 3, 4, 7, 57. Mercury, 3, 4, 7, 57. 
Cadmium, 7, 58. Zinc, 58. 

Reviews of the methods, 3, 4, 6, 7, 8, 9, 10, 65. 
Monographs, 3, 5. Textbook article on nitrogen, 
19. Nickel catalyst, 2, 3, 4, 14, 19. Nickel- 
thoria catalyst, 6, 7, 32, 33, 34, 37, 38. Nickel 
chromite catalyst, 27, 28, 35, 40, 41. Absorption 
tubes and Flow meters, 16, 17, 18, 19, 23, 48, 49, 
62, 63. Furnaces, 3, 4, 6, 19, 26, 32, 62. Cinna- 
moyl chloride, 27, 40, 41, 51. a-Naphthyloxy- 
chlorophosphine, 37, 47. Errors, 34, 42, 43, 44. 
Comparison with Kjeldahl's method, 14, 21, 25. 
Microtitraiions, 64. 
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J. N. G. 

HYDROGENATION OF COAL. Coal, 
compared with oil, is deficient in disposable 
hydrogen, that is, hydrogen surplus to that' 
required for combination with oxygen, nitrogen^ 
and sulphur. It follows that one essential of a 
complete transformation of bituminous coal to \ 
petrol, if such were possible, is to increase the i 
hydrogen content by about 170%, or in the case i 
of lignite, by 140%. These figures must, of 
course, be modified considerably in either direc- 
tion with the different varieties of bituminous 
coals and hgnites. 

Historical Survey. — The original conception 
of the hydrogenation of coal to give oil was due 
to Dr. Friedrich Bergius. His experiments 
started before the war (1914-18) and ended with 
a small semi- technical plant at Rheinau, near 
Mannheim, w'hich was in operation until 1927. 
After the war, the l.G. Farbenindustrie started 
work independently and brought to bear on the 
problem thoir knowledge of high pressure 
technique and of catalysts. They made two 
important advances — the discovery of catalysts 
immune to sulphur poisoning and the division 
of the hydrogenation process into liquid and 
va[)our phase stages. 

Developments in Germany then passed wholly 
into their hands and they built the first 
commercial hydrogenation plant at Leuna in 
1927. This was designed to produce 100,000 
tons per year of petrol from brown coal, 
but at first it was operated mostly on low- 
temperature tar made from brown coal and on 
Gorman cnidc petroleum. Experimental work 
w^as also done with bituminous coal. Tho 
applicability of the process to the petroleum 
industry was soon recognised and a joint company 
for its exploitation was formed by tho l.G. and 
the Standard Oil Co. (New Jersey). 

Meanwhile the original "Bergius process had 
been considered for British conditions, and 
tests on British coals were made at Rheinau. 
Research work was inaugurated at the Fuel 
Research Station of the Department of Scien- 
tific and Industrial Research in 1922, and in 
1926 an intermediate -scale continuous plant, 
on tho Imes of the latest Bergius development, 
w'as set up. An agreement was entered into 
between the British Government and Dr. Bergius 
for the pooling and mutual discussion of the 
results obtained in both laboratories, and an 
option on the patent rights for the British 
Empire was secured by the British Bergius 
Syndicate from the International Borgin 
Company. 
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In 1927 Imperial Chemical IndustrieB acquired 
the British Bergius Syndicate and started inde- 
pendent research on the process. It was 
decided that the original Bergius method of 
operation to give a variety of products — petrol, 
tar acids, heavy oil and pitch, was not profitable, 
but that it would be attractive if it could bo 
modified to produce petrol as the only liquid 
product. 

In 1929 I. CM. built at Billingham a pilot plant 
to treat 10 tons of coal per day, and this plant 
was run until the end of 1931. None of the 
practical dilliculties which arose were found to 
lx*, insuperable, and in 1930 l.C.I. announced 
that they could produce a 60% w’cight yield of 
petrol from coal, and gave estimated costs 
which showed that commercial development was 
possible only with Government assistance. 

As the process doveloiicd it was realised that 
many important patents in the hydrogenation 
field were held by the Standard-I.G. group. 
Discussions were opened, as a result of which the 
four major operators in the field — the I.G. of 
Germany, the Standard Oil Co. (New .lersey), 
the Royal- Dutch-Shell Group and l.C.I. — 
associated themselves through a pooling com- 
pany, The International Hydrogenation Patents 
(Company (I.H.P.), in order to pool their patent 
rights and to effect a general exchange of 
teehnical information. 

Tti 1931 the I.G. resumed the hydrogenation of 
brown coal on a large scale and this now' pro- 
vides a large part of the output of the hydrogena- 
tion plants in Germany. Meanwhile, l.C.I. 
concentrated their research on the treatment of 
bituminous coal, and by the end of 1932 had 
prepared schemes for building a large hydrogen a 
tioii plant at Billingham, which was put in 
hand in July, 1933, when the Government 
announced their intention to guarantee the 
continuance of the preference on light oils made 
from indigenous materials for a period of years, 
The plant, with a production capacity of 
150,000 tons per year of petrol, was started up 
early in 1935, and has been in continuous 
operation hydrogenating coal and creosote oil 
up to the pre.sent time. 

Pursuing her policy of home production of 
essential materials, Germany has, subsequent 
to the erection of the Billingham plant, con 
structed a number of bituminous coal hydro- 
genation units of similar size. 

General Theoretical Considerations. — All 
hydiogenation processes consist essentially in 
subjecting coal to the action of hydrogen at a 
high temperature and a high pressure. 

Three types of reaction arc involved. The 
first is the transformation of impure car- 
bonaceous material to a product of substantially 
hydrocarbon composition, elements other than 
carbon and hydrogen being removed by com- 
bination with hydrogen. Oxygen thus forms 
water, nitrogen forms ammonia and sulphur 
forms hydrogen sulphide. 

The second type is the splitting of the “ hydro- 
carbon ’* molecules to saturated and unsaturated 
hydrocarbons of lower molecular weight. 

The third reaction consists of the saturation 
of the unsaturated hydrocarbons immediatelj 
they are formed. 


For satisfactoiy control of the hydrogenation 
irocess it is essential that the second reaction 
should not be allow'cd to outpace reactions one 
and three. Otherwise, splitting to hydrocarbon 
as and polymerisation of intermediate unsatu- 
ated products to coke takes place, w'lth conse- 
[uent loss in yield of liquid hydrocarbons. 

Because the required severity of splitting 
onditions increases as the size of molecule to 
:>o spht is decreased, this balancing of the 
■eactions is assisted by dividing the process 
tito stages. In the first stage the conditions 
nay be such that the reduction reaction takes 
•lace with maximum efliciency, accompanied 
»y relatively little splitting. This gives rise 
nainly to a heavy oil product, I he approximate 
“omposition of which is shown in fig. 1. In the 
lecond stage rather more severe splitting con- 
iitions ari" I'lnployod, and heavy oil is broken 
down to give as the mam product a middle oil 
f final boiling-point of the order of 320“C, 
This middle oil is sufficiently volatile for it to 


)c fairly easily vaporised under the temperature 
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conditions required for the final stage of split- 
ting to petrol. This enables the reaction to be 
carried out entirely in the vapour phase and in 
the presence of a high concentration of active 
solid catalyst. 

In practice, subdivision of the process into 
two stages — liquid pfiase hydrogenation of coal 
to middle oil and vapour phaae treatment of 
middle oil over solid catalyst — ^has been found, 
to be essential for production of good quality 
petrol in economic yield. The use of tw'o liquid 
phase stages, although advantageous, is pro- 
bably not worth the additional complications, 
except in very large plant. 

Liquid Phase Coal Hydrogenation. 

(a) Plant. — ^The preliminary Bergius expeii- 
ments were carried out in two-litre steel auto- 
claves arranged to rotate over a row of gas 
burners. The autoclaves were fitted with a 
pressure gauge and a thermo-couple pocket. 

This type of apparatus utilises the batch 
principle. Coal or coal paste is placed in the 
autoclave, which is closed and hydrogen 
admitted to a pressure of about 100 atm. The 
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converter is then heated to a temperature of 
approximately 450'^C., the pressure rising to 
about 250 atm., and is maintained at this 
tcm]K;raturc for about two hours. The appa- 
ratus is then ( ooled, and the gas let down to a 
holder for analysis. The liquid product re- 
maining in the autoclave is subjected to analysis 
to determine the extent of conversion of the coal 
and the character of the oil product. 

The apjiaratus has been studiously copied by 
later investigators in order to study the 
chemistry of the reaction and the effect of 
catalysts. 

The largtT continuous tyjie of apparatus used 
by Rergius and later by the Fuel Research 
Station is shown in fig. 2. Coal made into a 
paste with recycle oil from the hydrogenation 
r(‘action is forced into the converter system by 
pump (A). From the pump the jiaste, which is 
kept agitated by mechanical stirrers, passes 
successively through three converters, C, D and 
E, which are surrounded by baths of molten 


lead, hydrogen of about 90% purity at the same 
time being pumped in at 200 atm. pressure by 
means of a four-stage compressor B. In this 
arrangement the first converter is used mainly 
as a heating chamber, being brought to a 
temperature just short of that necessary for 
the hydrogenation reaction at 200 atm. The 
second and third converters are maintained at 
the temperature which previous experiments 
have shown to give the best results for the 
particular type of coal under treatment. On 
completing its course through the converters, 
which takes about two hours, the hydrogenated 
product and surplus hydrogen are cooled m the 
condensers F and are then passed through a 
reducing valve G which lowers their pressure to 
60 atm. They are then allowed to separate in 
the separator H. t’rom H the gas is taken to 
scrubber T, where, still at a pressure of 60 atni.j 
it is scrubbed with oil for recovery of the lights 
spirit. At intervals of approximately an hour^ 
the liquids remaining in the separator H are ^ 



Fig. 2.- -Beroius Hydrogenation Plant. Medium Scale, Continuous Process. 
One ton Coal per Day. 


blown down to the atmospheric separator K, 
when further gas is given off w hich is passed to 
the gasholder. The liquid product, which con- 
sists of a mobile oil, is periodically run off to 
storage tanks, either directly or after centri- 
fiiging. 

By 1938 both the I.G. and l.C.I. had inde- 
pendently shown that the process could be more 
conveniently carried out using a relatively thin 
coal paste (60% coal) hydrogenated in a simple 
vertical reaction vessel. Because of the exo- 
thermic nature of the reaction, it is unnecessary 
to heat the converters externally except in the 
case of very small experimental plant, and the 
passage of the hydrogen bubbles through the 
reacting liquid provides sufficient stirring action 
to dispense with the use of mechanical stirrers. 

The arrangement of a small semi -technical 
plant based on this principle is shown in hg. 3. 
Coal paste is injected by means of one of two 
hand-operated accumulators. This consists of 
a steam jacketed steel cylinder in which is 
fitted a piston. Coal paste is introduced on the 


upper side of the piston by moans of medium 
gas pressure. The filliiig line is then closed and 
the paste forced from the accumulator by 
application of 300 atm. water or gas to the 
under side of the piston. From the accumulator 
the paste passes to a preheater coil immersed 
in a lead hath and, just before entering the 
preheater, is joined by a stream of high-pressure 
hydrogen. From the preheater the mixed 
reactants pass, at a temperature of approxi- 
mately 420'"C., to a converter consisting of a 
vertical chrome steel tube 26' high and 4" 
internal diameter. Excessive heat loss from the 
converter is guarded against by a series of 
electric windings. The products from the top 
of the converter pass to a high-pressure vessel 
maintained at about 460°C., where products 
which are liquid under reaction conditions are 
separated from those which are vaporised. The 
liquid contents of the hot separator are let down 
periodically to atmospheric pressure and the 
gas and vapours pass through a cooler to a cold 
high-pressure separator, which is again let down 
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periodically. Exit gas is let down to atmo- 
spheric pressure, and measured with an ordinary 
rotary meter. 

The heavy oil let down from the hot separator 
is centrifuged in order to remove ash and un- 
converted coal, and the filtrate is recycled as 
pasting oil. The cold catch-pot product is 
allowed to stand and liquor separated off. It 
is then fractionated into petrol, middle oil and 
heavy oil. Part or the whole of the heavy oil 



Fig. 6. 


is recycled, depending on whether a single or 
two-stage liquid phase process is being employed. 
The proportion of heavy oil in the newly formed 
products can be varied by control of temperature 
or reaction time in the converters. This control 
is illustrated by fig. 4, which shows the effect 
of reaction time on the products of coal hydro- 
genation. The method of operation with single 
stage and with 2 -stage liquid-phase hydrogena- 
tion is shown in figs. 5 and 6. 
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The large scale adaptation of the vertical 
converter principle is shown in Fig. 7. Opera- 
tion is the same as in the case cjf the semi- 
technical unit, except that the converters have 
to lie cooled by the injection of cold hydrogen, 
and that heat exchangers are fitted before the 
preheater by means of which the ingoing feed 
is heated by the exit product from the con- 
verter. 

{b) Catalysts. — No catalyst was employed in 
the original liergius experiments. Later it was 
found advantageous to use a small quantity of 
luxinassc. 



Fig. 6. 


In 1929 I.C.l. found that tin w’as the most 
promising catalyst for bituminous- coal lique- 
faction. It was first used in the form of grids 
of tinned iron fixed inside the converters. Later, 
continuous injection with the coal paste of a 
very small amount of certain organic compounds 
of tin was found to be preferable. 

This superiority of tin compounds as catalyst 
for coal liquefaction was also demonstrated by 
experiments carried out by the Fuel Research 
Board and published in the Annual Report for 
1932 (see Table I). 

Alkalis have a deleterious effect on the coal 
liquefaction reaction. A large proportion of the 
alkaline constituents of coal can be removed by 
efiioient coal cleaning, which, in any case, is 
obviously beneficial in that it decreases the 
amount of material which has to be purged from 
the process by centrifuging. 

Hydrogen chloride can advantageously be 
added to the reaction in order to neutralise any 
remaining alkali. This introduces corrosion 
problems on the exit side of the converter 
system, but in 1933 a process was discovered 


and patented by l.C.I. for the scrubbing of the 
exit vapours from the converter with a suspen- 
sion of alkali in oil at a temperature of about 
450*^0. This reduces corrosion to a negh'gible 
amount. 

(c) Quality of Product (from Bituminous 
Coal). — The petrol fraction obtained by dis- 
tillation of the crude cold catch-pot product of 
liquid phase hydrogenation of coal or heavy oil 
can easily be refined by normal petroleum 
refinery methods. Refined petrol cut to a 

hydrogen 



Fig. 7. 


volatility of 40% at 100°C. has the following 
properties : 


Spec ific gravity at Ifi” 0-740-0-745 

Initial b.p 36°C. 

90% vol. recovered at ... 

Final b.p 170°C. 

Residue 1'0% 

Loss ....... 10% 

% distillation+loss at 70“C. 20% 

„ „ „ lOO'-C. . 40% 

„ „ „ 140°C. . 76% 

Reid vapour pressure at 100“F. . 9 11^ ./sq. in. 

Octane No. GF.R. motor method 71-73 
„ C.F.R. aviation 

method — 

Colour +26 Say bolt 

Odour Marketable 

Sulphur, % by weight . 0 06 

Doctor test Negative 

A.S.T.M. copper strip corrosion 

test Negative 

Gum, Pyrex dish without air jet 
(mg./lOO mis.) 20 
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Table I. — Effect of Catalysts on the Hydbogenation of Coal. 


Catalyst. 

Perccutage 

Product per cent, of ash-froo dry coal. | 

catalyst on 
coal charged. 

Insoluble in 
chloroform. 

Soluble in 
chloroform. 

Water. 

Gas. 


2-5 

49-2 

27-0 

7 ] 

10*7 

Luxmasse 

2-5 

10-0 

00- 1 

5-9 

8*2 

ZnO . . . 

2-5 

10-2 

70-4 

6-0 

70 

SnO, . . 

2-5 

7-7 

71-2 

7 7 

0-2 

MoOj . . 

2 5 

141 

59 2 

7-0 

9-3 

Tlb°\ : 

25 

27 3 

52-4 

2-0 

8-8 

2 "> 

3i;-9 

;i8-2 

7 2 

lO-S 

Ft,0, . . 

2lMn 

12 0 


0-9 


TiO, . . . 


bi»- i 

O-i) 

FeCjO, . . 

2 6 

ISO 

50-8 

0-2 

\h4 

v.o, . . . 

2-5 

49 H 

24 7 

0-0 

102 

Nickel oleate . 

2-.'> 

JO-2 

07-0 

0 3 

8-7 

Pb(OH), . 

0 1 

12-2 

0.5-4 

7*0 

8-8 

CeO, . 

01 

l0-,6 

02-;i 

7-9 

] J 3 

SnS . . . 

01 

10-5 

03- i 

0 3 


SnS, . . . 

Sn(OH)55 

O-J 

11 G 

01 3 

7-8 


2-6 

0 1 

71 9 

7-0 

5-8 

1 1 • 

0-5 

0-0 

700 

7-9 

0-4 


01 

10-9 

03-4 

0-9 

8-r) 

|J 

0-01 

100 

04-2 

7 1 

0-2 

1 J * 

0-0027 

Ir»-] 

58-8 

7-2 

8*5 

M 

O-OOOOT 

;]8;i 

30-5 

7-0 

10-5 


The middle oil fraction, which usually has a 
distillation range of 170-320^0., contains about 
8% of tar acids, tlio remainder consisting of 
about 96% of aromatic hydrocarbons. With- 
out further treatment the ignition properties 
of this oil are not suitable for its use as a Diesel 
fuel. It may, however, be saturated to a 
naphthenic product by vapour phase treatment 
at low temperature over active catalyst. The 
product is a reasonably good Diesel oil. 

The heavy oil obtained directly from coal is 
suitable for use as fuel oil without any further 
treatment. 

The products of liquid phase bituminous 
coal hydrogenation being mainly aromatic, it 
is unlikely that satisfactory lubricating oil 
fractions could be obtained by direct extraction 
or fractionation. 

Liquid Phase Hydbooenation of Heavy Oil. 

When the coal hydrogenation stage is operated 
under conditions which give heavy oil in excess 
of that required for recycle as pasting oil, the 
surplus heavy oil is hydrogenated in a separate 
plant which is practically identical with that 
used for coal hydrogenation. 

Liquid product from the hot separator, instead 
of being cooled and let down to atmospheric 
pressure, is recycled hot and under pressure to 
the inlet of the preheater. A comparatively 
small continuous purge is made from the hot 
catch-pot to prevent undue accumulation of 
solids and heavy asphaltic material. In this 
way a high concentration of suspended catalyst 
can, if desired, be built up in the reaction vessel. 
VoL. VI.— 24 


The above method for liquid phase heavy oil 
hydrogenation has been developed to a con- 
siderable extent by the 1.0., particularly in 
connection with the hydrogenation of brown 
coal tar. Supported molybdenum compounds 
are frequently used as catalyst. 

For the hydrogenation of heavy oils free 
from asphaltic constituents the method may be 
modihed by the use of fixed catalyst such as is 
used for vapour phase hydrogenation. 

Temperature and throughout conditions in 
the heavy oil hydrogenation are controlled so 
that middle oil rather than petrol is the main 
product. The middle oil is further processed 
m the vapour phase hydrogenation section. 

V’^APouB Phase Hyduoqenation op Middi-e 

On.. 

(o) Plant. — In general, the plant used for 
vapour phase hydrogenation is very similar 
to that used in the liquid phase stage. Middle 
oil is injected into the plant by means of a 
pump usually working at a pressure of about 
250 atm. It is joined by compressed hydrogen 
and pasHOS to a preheater where it is completely 
vaporised at a temperature of the order of 
360-400°C. The mixed vapour and hydrogen 
passes to a converter, which is packed with solid 
catalyst pellets, and operates at a reaction 
temperature varjring between 350® and 660®C., 
depending on the nature of the catalyst em- 
ployed. 

On the large scale the catalyst is arranged in 
beds, between which cold hydrogen can he 
admitted in order to give control of the highly 
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exothermic reaction. The vapour phase nature 
of the reaction aUowe the hot catch -pot to be dis- 
pensed with, and the outgoing products pass to a 
cooler after exchanging part of their heat with 
the ingoing reactants. After the cooler, con- 
densed liquid product is colJ<*cted in a high- 
pressure separator, which is let down periodi- 
cally. The product, which usually contains 
about t)0-70% of petrol, is distilled to give 
petrol and a residual middle oil fraction, which 
is recycled to the reaction. 

Apart from a simple washing of product to 
remove hydrogen sulphide and ammonia, petrol 
from vapour phase operation requires no re- 
fining treatment. ^ 

(ff) Catalysts. — A range of catalysts satis- 
factory for the vapour phase hydrogenation of 
middle oils is known. At one end of the range 
these catalysts have a relatively high splitting 
and poor saturation activity, and those give rise 
to petrols of high aromatic content. Such 
catalysts require a comparatively high reaction 
temperature (about 600°C.) and, as a result, 
gas-make tends to be fairly high. At the other 
end of the range are catalysts of very marked 
saturation activity, which operate at lower 
temperatures (about 400°C.) and give high yields 
of petrol of low aromatic content. 


Taiilk II. 


Couptltuent. 

Vapour pluiHc petrol. 
(Peicentage vol. total petrol.) 


Group 

1 

Group 

11 

Group 

IJl. 

Butane .... 

5 

5 

5 

ijJoParaffins (mainly 
single branch) 

5 

28 

30 

Aromatics 

43 

3 

7 

Unsaturated hydro- 
carbons 

3 



Nuphtheiics boiling 
above 11 0°C. . 

18 

25 

28 

Straight chain paraf- 
fins .... 

]] 

14 

4 

Octane No. un- 
leaded (C.F.R. 

motor method) 

80 

08-69 

75-76 

Octane No. with 4 
c.c. T.E.L. /gallon 
(C.F.R. motor 

method) . 

86 

86-87 

89-90 


An important class of catalyst has recently 
been developed with splitting-saturation activity 
intermediate between the extremes cited above. 
These catalysts, in addition to aiding the usual 
splitting and saturation reactions, also encourage 
isomerisation of cyclohexanes to substituted 
cyclopentane derivatives and give rise to a high 
ratio of branched to straight chain paraffin 
isomers. 

The yield of petrol obtainable from a sub- 
stantially hydrocarbon middle oil varies between 
80 and 92% by weight, depending on the catalyst 
employed. 


For a more complete description of the control 
of the vapour phase hydrogenation of middle 
oils by suitable choice of catalyst, the reader 
is referred to papers by M. Pier of I.G. Farben- 
industrie, gee particularly Trans. Faraday Soc., 
1939, 86, 967. 

(c) Quality of Products. — Table II gives 
the composition and properties of petrols out to 
40% volatility at IOO®C. obtainable from coal 
middle oil by vapour phase hydrogenation over 
the three types of catalyst mentioned above. 

It will be observed that petrol from catalysts 
of Groups II and III, particularly that from 
Group III catalyst, has a very good lead suscepti- 
bility and that its octane number when leaded 
with 4 c.c. per gallon of lead tetraethyl is well 
up to the 87 required by the Air Ministry 
specification for aviation fuel. Recycle otl» 
particularly from catalysts of Group II, is \a. 
highly saturated naphthenic product free from 
phenols and bases, and is a reasonably good 
Diesel fuel, having the following properties : \ 

Sp. gr. 15/15 0-8360 

Flash lioint 178°F. (81-2^C.) 

Inst, Pet. Tech. ; 

Initial b.p.“C. . 217-5 

10% at 222-5 

30% at 227 0 

60% at 236-0 

90% at 257-0 

Final b.p.°C 283-0 

Total distillate 08-5% 

Residue 1‘5% 

Ash 0-002% 

Asphalt nil 

Setting point below —50° F. 

Total acidity equivalent to 13-5 mg. KOH/100 
g. oil. 

Inorganic alkalinity equivalent to 1-2 mg. 
HjsSO^/lOO g. oil. 


Viscosity : 


32°F. Admiralty viscometer 

5-0 sees. 

70°F. Redwood No. 1 . . 

33 5 „ 

140°F. „ „ 

28-3 „ 

Carbon 

85-94% 

Hydrogen 

13-46% 

Sulphur 

0-08% 

Calorific value 

10,897 g.- 

Moore spontaneous ignition 


temperature 

265‘'C. 


The hydrocarbon gases produced in vapour 
phase hydrogenation of the middle oils are 
composed largely of butane and propane, which 
can be transported as liquids and used fur 
lighting, heating or petrol substitutes {v. Gas, 
Bottle, Vol. V, 480). 

Hydhooen Cieoulation and Purge 
Nitrogen and Hydrocarbon Gases. 

On the large scale, the exit gas from the cold 
high-pressure separators of the liquid and vapour 
phase hydrogenation stalls is recycled to the 
reaction by means of circulators. Circulating 
hydrogen becomes impure, partly through 
acoumulation of nitrogen from the make-up 
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gas and partly through acomnulation of methane, 
ethane, propane and butane formed in the 
process. Part of these gases is removed by 
solution in the products themselves and is 
recovered when the cold catch-pot products 
are Jet down to atmospheric pressure. Final 
control of the purity of the circulating gas is 
obtained by scrubbing it with oil at full process 
pressure in a separate plant specially designed 
for the purpose. 

The cold separator product and the oil used 
for washing circulating gas is usually let down 
to atmospheric pressure in a number of stages. 
In this way the least soluble of the gases, such 
as nitrogen, ethane and methane, are con- 
centrated in the purge obtained on letting down 
from 250 to BaV | i |5 0 atm. pressure, and can 
conveniently be^cd as gaseous fuel. As the 
proHSure is further released, richer gas con- 
taining increasingly high concentrations of 
butane and propane is evolved. 

These rich gases are scrubbed with oil for 
recovery of pentane and low boiling petrol 
constituents and are the source of pure butane 
and propane. 

T I V DKoo KN Manufacture. 

Hydiogen for liydrogtTiation is made from 
coke by hist converting it to water gas, which is 
tlicn treated with steam over a catalyst for 
conversion of the CO to COg. Alternatively 
Hjj can be made by catalytic reacti(Ui of steam 
witli the by-product hydrocarbon gas from the 
hydrogenation process. This latter process 
was worked out originally by the I.G. and th(* 
Standard Oil Co., whi(;h latter firm produce 
thereby all the hydrogen required for their 
hydrogenation plant. 

The make-up hydrogen for the -Billiiigham 
hydrogenation plant is made by combination 
of the tw o processes, and the flow diagram of the 
hydrogen production and treatment of hydro- 
genation-plant gases at Rilliiigham is shown 
in fig. 7. 

Efficiency of Process. — The yield of petrol 
from bituminous coal calculated on an ash- and 
moisture-free basis is of the order of 60% by 
w^eight. 

A more important figure is the overall coal 
eonsumjition. Jn the case of a plant in which 
all the Hj requiicracnt is obtained from the by- 
product hydrocarbon gases using the methane- 
steam process, it is estimated that the overall 
consumption of raw coal would vary from 
3-6-4 tons of coal per ton of petrol, the exact 
figure depending on the ash and moisture 
content of the roal and its suitability for the 
process. This corresponds to a thermal effi- 
ciency of 40%, which compares favourably 
with 26% for generation of electric power and 
55% for gasification. 

In a plant in which the hydrogen is made via 
coke and water gas, the overall raw coal con- 
sumption is approximately 6 tons per ton of 
petrol, the higher figure being due to the lower 
efficiency of coke ovens followed by water-gas 
generators compared with catalytic manu- 
facture of hydrogen from hydrocarbon gases. 
This is partly compensated for from the financial 


point of view by the tar, benzol and gas made as 
carbonisation by-products. 

The Hydrogenation of Coal Taks. 

Considerable research into the possibility of 
single stage hydrogenation of crude tars to 
petrol and light oils has been carried out by 
the Fuel Research Station of the Department of 
Scientific and Industrial Research at Greenwich, 
where a large semi-technical plant has been 
operated. 

Roth liquid and yapour phase reacticjiis occur 
in the same converter, which contains fixed solid 
catalyst particles. The chief catalysts investi- 
gated have been molybdenum supported on 
charioal or alumina and pelleted molybdenum 
sulphide. The disadvantage of the process lies 
in the slow deterioration of catalyst caused by 
the presence in the feed ol asphaltic and high 
boiling constituents. (Vrtain of the catalysts 
can, however, be revivified by pei iodic treat- 
ment with air, and the rate of (hderioratiofi can 
be reduced by employment of high proHsures of 
the order of 400 atm. The (letcrioralion is 
greatest with tars produced under high tempera- 
ture carbonisation conditions, and is negligible 
when distilled tar oils of reasonably low end- 
point are used as feed. 

It was concluded that, allhoiigh the single 
stage process may be suitable lor certain 
selected tars of low asphalt content, division of 
the process into separate liquid iihiise and 
vapour jihase stag(‘H is niH Ossary for t ri^atinciit of 
tars in general. Since 1036, work at (Trccnwich 
has been concentrated on the liquid pliaso stage 
using fiiirly high concentrations of dispersed 
catalyst. Low temperature, vertical retort and 
camiel tars and also shale oil have been studied. 

This work is fully described in the Annual 
Reports of the Fuel Researcli Hoard and in a 
number of publications by the Board's invest-i- 
gators. 

Tar and tar oils are being hydrogenated on a 
large scale in both Germany and England, 
using professes controlled by the J.H.R. (Jroiip. 
The exact method of operation varies m 
difterent plants, but the process consists essen- 
tially of separation of the tar or tar oils into a 
middle oil fraction suitable for true vapour phase 
hydrogenation and a heavy residue which is 
treated under the li(j|uid phase conditions 
described for the hydrogenation of heavy oil 
from coal. 

Fig. 8 illustrates a satisfactory method for the 
simultaneous hydrogenation of coal, creosfite 
oil and low temperature tar which has been 
employed by the l.C.l. at Billingham. In 
order that solid and heavy asphaltic constituents 
can be purged from the sysUrni along with 
similar material present in the products of coal 
hydrogenation, crude low temperature tar is 
M to the process as coal -pasting oil. Creosote 
is distilled to give a middle oil, which is treated 
in the vapour phase section, and a heavy 
residue which joins the feed of coal heavy oil 
to the second liquid phase hydrogenation stage. 

Petrol yields from tar and tar oils are stated 
to be 80-90% by weight, depending on the raw 
material used. 
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The quality of hydrogenation products from 
coal-tar and tar oils depends on the character 
of the oil and on the type of catalyst employed in 
the vapour phase hydrogenation step. Using 
highly aromatic oils, such as crco.sote and low 
temperature tar from bituminous coal, petrol 
obtained with a given vapour phase catalyst 



has substantially the same propeitics as that 
produced by coal liydrog<'nution. 
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HYDROGENATION MECHANISM.— 

The addition of hydrogen to inorganic and 
especially organic substances is a process of 
onsiderublc tccbiiical importance ; leading 
xamploH are the transformation of liquid into 
solid iats, the production oi ammonia and the 
Fischer-Tropsch synthesis of hydrocarbons. 
Although the addition of hydrogen may be 
effected in certain cases at high temperatures 
in the absence of a catalyst, or by means of 
hydrogen atoms produced photochemically, in 
general it is carried out through the agency of a 
catalyst. It is these catalytic reactions which 
will be discussed here. 

Tiikouikh ok Catalysis. 

The first observation on the effect of metals 
in inducing the reaction of hydrogen appears 
to be that «)f H. Davy (Phil. I’rans. 1817, 107, 
77) who found that a heated platinum spiral 
])laeod in a mixture of coal gas and air con- 
tinued to glow. Somewhat later, Erman (Abb. 
K. PrcuH'j, Akad. Wiss., 1818-19, .368) showed 
that the (‘oinbination of oxygtm and hydrogen 
could be induced by platinum at as low a 
temperature a.s 50‘^C. Faraday discussed the 
mode of action of the catalyst and concluded 
that it was iiitimatidy connected with the forec.s 
exerted by the metal on the gases — a view which 
is still held. Many theories have been proposed 
to account for catalytic phciiomena. One 
explanation is that an increase in the rate of 
reaction is brought about simply by the increase 
ill coiieontration caused by condensation on the 
surface. This explanation is inadequate, not 
only on aceouiit of the extremely liigh con- 
centrations which would bo required, but also 
because it fails to account for the highly specific 
nature of catalysts and their sensitivity to traces 
of poisons. Catalysis cannot he interpreted 
simply as the modiffcation of an already existing 
reaction mechanism, but involves the provision 
by the catalyst of an entirely new path of 
reaction in which the energies required to effect 
the steps are less than those required for the 
uiicatalysed reaction. 

Another explanation which has been put for- 
ward is the intermediate -compound theory. 
According to this, reaction takes place through 
the formation of a compound between one 
reactant and the catalyst ; the other reactant 
then attacks this compound to form the final 
products. The failure in many cases to isolate 
these intermediates, together with the some- 
what improbable nature of the compounds that 
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in certain inBtances had to be postulated, caused 
this theory to fall into disrepute. More recently, 
however, it has been revived with a more liberal 
interpretation of the nature of the intermediate 
compounds. These are now regarded as special 
surface compounds, not necessarily having 
an existence independent of the surface. 
For example, in the adsorption of hydrogen 
on nickel a surface nickel- hydride is postu- 
lated, in which each hydrogen atom is bound 
to a nickel atom, and the remaining valency 
forces of the nickel atom are satisfied by its 
neighbours in and below the surface. 

The most important advance in the theory of 
heterogeneous catalysis is duo to Langmuir 
(J. Amer. Chem. Soc. 1916, 38, 2268) who sug- 
gested that reaction occurs in a unimolecular 
layer of gas adsorbed on the catalyst. The 
concentration or fraction 6 of the surface covered 
by the gas was dcduciHl as follows. The rate of 
evaporation of gas from the surface is propor- 
tional to the fraction of the surface covered, 
while the rate of condensation is proportional 
to the product of the free surface and the 
pressure p of the gas. At equibbrium these 
conditions give : 

e- 

At low surface concentrations, 6 is proportional 
to the pressure, while, when the surface is nearly 
saturated, 0 is independent of the pressure. 
The same general considerations, with modili- 
cations, hold if there are two gases. Thus, on 
this theory, if the rate of the reaction under 
examination is proportional to the surface con- 
centration of a reactant, then the apparent order 
of reaction, as deduced from the dependence of 
the rate of reaction on the pressure in the gas 
phase, will vary between unity, when the gas is 
only slightly adsorbed, and zero, when the gas 
is strongly adsorbed. In this way observations 
of the order of reaction provide information as 
to the adsorption of the reactants on the 
catalyst, and this has been the main method 
used in the elucidation of reaction mechanisms 
(C. N. Hinshelwood, “ Kinetics of Chemical 
Change in Gaseous Systems,” Clarendon P., 
Oxford, 1940. V. this vol., pp. 208-217). 

The relationship between adsorption and 
catalytic activity has been explored at consider 
able length (G. M. Schwab, tr. by H. S. Taylor 
and R. Spence, “ Catalysis from the Standpoint 
of Chemical Kinetics,” Macmillan, 1937, 
Chap. 11). The observations of A. F. Benton 
and T. A. White (J. Amer. Chem. Soc. 1930, 52 
2326) on the adsorption of hydrogen on nickel led 
to the concept of activated adsorption ” (H. S. 
Taylor, ibid. 1931, 53, 678). At low tempera- 
tures, adsorption is rapid and does not involve 
high energies; the adsorbed molecules are not 
dissociated and are held to the surface by Van 
der Waals forces. At high temperatures, a 
slow adsorption occurs, involving a large energy 
of activation ; this type of adsorption is known 
as activated adsorption. Taylor regards acti- 
vated adsorption as being the formation of 
chemical bonds between the catalyst and the 
adsorbed molecule (chemisorption) and in 
general involving the dissociation of the mole 


culo {e.g. K. Morikawa, W. S. Benedict and H. S. 
Taylor, ibid. 1936, 58, 1445). Ho considers that 
activated adsorption is intimately related to 
■atalysis, and in many cases controls the rate 
of the catalytic reaction. There is, however, 
•vidence that the phenomena of activated 
adsorption are more complex than is implied by 
this view, and may involve, for instance, solu- 
tion in the bulk of the catalyst. On charcoal 
it appears that chemisorption may bo a slow 
activated process, but, on the other hand, witli 
iietals it seems to be instantaneous and to 
require no energy of activation (J. K. Roberts, 
Proc. Roy. Soc. 1036, A, 152, 446). The 
strength with which the chemisorbed layer is 
held suggests that the picture of catalysis 
as a two-dimensional gas reaction is incorrect. 
E. K. Rideal (Proc. Gamb. Phil. Soc. 1939, 
35, 130) is of (qnnioii that the essential 
feature o( catalysis is the interaction between 
an absorbed molecule held by Van der Waals 
forces with the chemisorbed layer. This docs 
not imj)ly that the Langmuir- Hinshelwood 
relationships between gus pressure and order 
of reaction no longer apply, for these will still 
apply to the Van der Waals layer and oven to 
the chemisorbed laycT at high temperatures. 

Observations of the kinetics of reactions alone 
have not proved adequate to unravel the 
detailed mechanism, and more recently new 
techniques have been developed to deal with 
catalytic reactions. The reconversion of para- 
to ortho-hydrogen has been used as an indicator 
of the presence on the catalyst of atomic 
hydrogen (S. R. Craxford, Trans. Faraday Soc. 
1939, 85, 946). Reactions involving hydrogen - 
containing molecules can be further investi- 
gated by means of tleuterium (exchange re- 
actions) (A. Farkas, L. Farkas and E. K. Rideal, 
Proc. Roy. Soc. 1934, A, 146, 630 ; K. Morikawa, 
W. S. Benedict and H. S. Taylor, l.c. and ibid. 
1795). Several now lines of investigation into 
the nature of the catalysing surface and the 
adsorption of gases on it have been opened up. 
Among these may be mentioned the use of 
electron- diffraction to examine the lattice pat- 
tern of the surface (O. Beeck, A. E. Smith and 
A. Wheeler, Proc. Roy. Soc. 1940, A, 177, 62), 
the accommodation coefficient of neon on the 
surface as a means of studying the adsorbed 
film of gas (J. K. Roberts, ibid. 1932, A, 135, 
192 ; 1936, A, 152, 445), the measurement of 
contact potentials (I). D. Eley and E. K. 
Rideal, ibid. 1941, A, 178, 429), and the study 
of catalyst poisons in investigating the question 
of the uniformity of the surface (E. B. Maxted 
and H. C. Evans, J.C.S. 1938, 2071). 

Thu Ortho-Paha Hydrogen Conversion. 

Before discussing actual examples of hydro- 
genation mechanism, it will be of interest to 
consider the interaction of hydrogen with the 
catalyst in the absence of a second type of mole- 
cule. Of all catalytic reactions the ortho-para 
conversion of hydrogen is the simplest (A. 
Farkas, “ Orthohydrogen, Parahydrogen and 
Heavy Hydrogen,” Cambridge Uni\'er8ity Press, 
1936). These two forms of hydrogen differ 
only in that the atomic nuclei composing 
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the tijolecules have parallel spins in the one case 
and antiparallel spins in the other case. The 
catalytic interconversion of these two modifi- 
cations can take place by two mechanisms. One 
of these, the low temperature mechanism, does 
not involve the scjuiration of the atoms in the 
molecule. The catalyst used in this tyjie of 
con\'ersion is generally charcoal, and operates 
at temperatures below about 15 U“k. The con- 
version is ascribed to the existence of magnetic 
dipoles on the chari'oal surface. The second 
t yjK‘ of ortho para cfmv^ersion, which is of greater 
iiiteif'Ht in its bearing on catalytic hydrogena- 
tion, takes place generally on metallic catalysts 
and lit higher temperatures — room temperature 
iiiul above- though on specially active catalysts 
it has Ix'cn detected at temperatures as low as 
77 'k. 1’his type of conversion operates through 
ih(' dissociation of the inoleeiile into atoms. 
FiKactly analogous to this latter reaction is the 
cnuilihration of light and heavy hydrogen, 
\ D2V"^2HD. The differences between the 
t.wo reactions are small and are those expected 
from the greater mass of the heavy hydrogen. 
In the original mechanism proposed lor these 
reaetioiiH (K. F. Jlonhocner and A. Farkas, 
Z. physikal. (Jhem. 1931, B, 12, 231) the 
hydrogen nioleciiles in ilieir adsorption on the 
catalyst are dissociated into atoms, ’'rheso 
atoms tlum recoinbine and evaporate as mole- 
cules, the reconibiiuition providing a chance for 
each atom to acipiirc a new partner. In this 
way, an eipiilibriuni eorresponding to the 
temperatui‘(‘ of the catalyst is produced. 

The validity of this explanation was brought 
into cpiestion by the work of J. K. Roberts (Proc. 
Roy. iSoc. 1935, A, 152, 445) who showed that a 
clean tungsten surface on exposure to hydrogen 
is immediately covered with a eomploto film of 
the gas, which is present on the surface as atoms, 
and furthermore that this film shows no 
detectable sign of evaporation at room tempera- 
ture. The extreme stability of the adsorbed 
hydrogen and tlie high energy required to bring 
about evaporation militate against the explana- 
tion of Bonhoeffer and Farkas. 

According to an alt-oniative explanation sug- 
gesU*d by E. K. Rideal (Proc. Camh. Phil. Soe. 
1939, 35, 130), conversion (or equilibration) 
takes place through an interchange between an 
adsorbed hydrogen atom and a molecule 
adsorbed above the atomic layer. In the case 
of the reaction Hj-f 2HD the scheme is as 

follows : 

D 

\ 

0-4 H HD 

I - I 

w w w w 

D 

/ 

H D D+HD 



This explanation demands a certain fraction of 
gaps in the atomic layer; this has been shown 
to exist, as the surface is bare to the extent of 
8% (J. K. Roberts, l.c. p. 464). It will bo seen 


that this mechanism leaves the total amount 
of hydrogen on the surface unaltered and 
enables the reaction to proceed with much less 
energy than would be required for the evapora- 
tion of molecules. An experimental proof of 
this mechanism has now been devised (D. I). 
Eley and E. K. Rideal, Proc. Roy. Soc. 1941, A, 
178 , 429). Clean tungsten films, prepared by 
evaporation, were found to bring about the 
equilibrium H 24 -D 2 :f^ 2 HD in a few minutes 
at 77°k. a clean film was brought in contact 
with deuterium and then thoroughly pumped 
out at room temperature. After being cooled 
to IT'k. it w'as exyiosed to a low pressure of 
light hydrogen, when an interchange of hght 
and heavy hydrogen was observed in a lime 
similar to that required for attainment of the 
equilibration Hg H D2^-2HD. Thi.s can only 
bai'e taken place through such a mechanism as 
that outlined above. It follows from the 
inechanisin of these reactions that the ortho- 
para conversion and the equilibration reaction 
can be used to indicate the presence or absence 
of atomic hydrogen on a catalyst. 

The Hydrooenation of Ethylene. 

The catalytic addition of hydrogen to sub- 
stances containing an etliylenic double bond is 
probably the niosfi iniporfcaiit type of hydro- 
genation. 3'he simplest of these reactions was 
discovered by P. Sabatier and Senderens (Conipt. 
rend. 1897, 124 , 1359) who showed that in the 
presence of nickel, ethylene could be quanti- 
tivcly hydrogenated to ethane. Later it was 
found that a number of other metals, notably 
copper, platinum, cobalt and iron, were effective 
as catalysts ; nickel, however, remains the chief 
catalyst in practice*. Although the hydro- 
genation of ethylene has been intensively 
studied since 1897, the mechanism of the process 
is still not completely explained, and it is only 
of recent years, through the discovery of 
deuterium, that the necessary means for its 
elucidation have become available. Earlier 
attempts were made to find the mechanism by 
a study of kinetics and the application of Lang- 
muir’s theory. Pease (J. Amor. Chera. Soc. 1923, 
45 , 1196) found that on copper the rate of reac- 
tion w'as proportional to the hydrogen pressure, 
but decreased as the ethylene pressure increased. 
From this it was deduced that the hydrogen 
was weakly adsorbed, whereas the etliylenc was 
BO strongly adsorbed that it tended to displace 
the hydrogen from the “surface. Rideal 
(J.C.S. 1922, 121 , 309), using nickel, found 
that at high ethylene concentrations the hydro- 
gen displaced the ethylene. Many other in- 
vestigations have given similar results, and all 
show that the ethylene is very strongly adsorbed 
and the hydrogen only weakly adsorbed. 
Further progress along this line was not possible. 

The Exchange Reaction between Ethy- 
lene and Deuterium. — A new approach to the 
problem was opened up by the discovery of 
A. Farkas, L. Farkas and E. K. Rideal (Proc. 
Roy. Soc. 1934, A, 146 , 630) that when ethylene 
interacted with deuterium on a nickel catalyst, 
in addition to the normal hydrogenation, 

CgHj-j-Dg -^CgH^Dg, 



HYDROGENATION MECHANISM. 375 


there also occurred an exchange reaction 
between the deuterium and the light hydrogen 
of the ethylene ; this may be formulated : 

CaHaD+HD. 

This exchange reaction ofiFered a means of 
investigating the state of the ethylene adsorbed 
on the catalyst. Two mechanisms for this 
reaction are possible ; 

(1) Dissociative Mechanism . — Tn this, it is 
supposed that on adsorption the ethylene mole- 
rule is split up into a hydrogen atom and a 
C2H3 fragment, and the deuterium is dissociated 
into atoms. Exchange takes place through the 
addition of one of these deuterium atoms to a 
CaHg fragment, and the consequent desorption 
of a substituted ethylene molecule. 

2. Associative Mechanism . — Assuming this 
mechanism (T. Horiuti and M. Polanyi, Trans. 
Faraday Soc. 11)34, 80, 1164) to operate then 
ethylene is adsorbed on the catalyst by the 
opening of the double bond and attachment of 
the molecule to two nickel atoms. A deuterium 
atom then adds on to give a nickel-ethyl radical 
which breaks up to reform an adsorbed ethylene 
molecule and liberates a light hydrogen atom. 
This mechanism can be represented as follows : 

C2H4 ^CHa— CH2 

I I 

Ni Ni 

CHgD 

\0 I 

CHo -> CHo—CHDfH 

I I I 

Ni Ni Ni 

The balance of the evidence suggests that this 
second mechanism is the correct one. The low 
temperatures at which exchange between ethy- 
lene and deuterium occurs are in contrast to the 
high temperatures required for exchange with 
ethane, which can only proceed through a dis- 
sociative mechanism. A direct test was made 
(G. K. T. Conn and G. H. Twigg, Proc. Roy. Soc. 
1939, A, 171, 70) by examining the possibility of 
exchange between light ethylene (CgH^) and 
heavy ethylene (CjD^) in the absence of 
hydrogen. On the dissociative mechanism, the 
ethylenes should on adsorption be broken 
down into C2Hg and C2D3 fragments, and 
hydrogen and deuterium atoms; on recom- 
bination and evaporation, exchange should 
occur with the formation of compounds of the 
t3rpe C2HgD, CgH.Dg, etc. Analysis, effected 
by means of the inira-red absorption spectra of 
the ethylenes, showed no exchange. 

Further evidence in favour of the associative 
mechanism was obtained by examination of the 
exchange reactions of the higher olefins (G. H 
Twigg, Trans. Faraday Soc. 1939, 85, 934). On 
the dissociative mechanism, one might expect 
that the hydrogen atoms not immediately 
attached to the double bond would be no more 
reactive for exchange than those of ethane 
On the associative mechanism, however, all the 
hydrogen atoms ought to be equally reactive, 
For example, in Ae case of propone the 


associative mechanism gives the following 
deture : 

CHg— CH=CHa CH— CHg 

Ni Ni 
+ D 

CH3— CH— CHgD 

lili 

-H 

►CHj— CH— CHgO ->CH2-CH— CH„D 

II 

Ni Ni 

n this way a deuterium atom can bo introduced 
into the methyl group. The equivalence of the 
hydrogen atoms in a number of substituted 
jthylenes has been demonstrated. 

In a similar manniT the migration of the 
double bond, which occurs in higher olefins 
when they are brought into contact with a 
latalyst in the presence of hydrogen (G. H. 
Twigg, Proc. Roy. Soi;. 1941, A, 178, 196), is 
more readily explicable if one assume', s the as- 
sociative mechanism for exchange. For example, 
in the case of the isomerisation of 1- butene 
to 2- butene, the scheme of reaction is : 

CH3— CHg— CH=:CH2 

J -Butene. 

CH3— CHg— CH— CH,. 

I I “ 

Ni Ni 

I H 

> CH3— CHg— CH— CH3 

Ni 

-H 

— > CH3— CH— CH— CH3 

I I 

Ni Ni 

> CH3— CH=CH— CH3 

2- Butene. 

No double bond migration was found in the 
absence of hydrogen. Other evidence in favour 
of the associative mechanism for exchange was 
obtained from a consideration of the energies of 
activation of the various reactions. 

This proof of the mechanism of exchange 
gave the first duo to the process of adsorption 
of ethylene on the catalyst surface. Before thiif 
is discussed more fully, however, there is the 
question of the adsorption of the hydrogen 
to be considered. On an active hydrogenating 
catalyst, the ortho-para-hydrogen conversion is 
very fast at room temperature. By using para- 
hydrogen in the hydrogenation of ethylene, it 
was shown that the ethylene completely 
prevented the ortho-para conversion, although 
a rapid hydrogenation occurred. Similarly, 
when deuterium was used, the equilibration 
reaction H2+D2^2HD was found to be 
inhibited up to about 140 °g. These obser- 
vations confirm that the ethylene is strongly 
adsorbed, covering most of the catalyst surface, 
and also show that there is practi(.ally no atomic 
hydrogen on the surface. The kinetics of the 
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exchange and hydrogenation reactions were 
studied simultaneously and found to be 
identical, the rate of reaction in both cases being 
independent of the ethylene pressure and pro- 
portional to the first power of the hydrogen or 
deuterium pressure (0. H. Twigg and E. K. 
Rideal, ihid. J939» A, 171, 55). It had been 
expected that since hydrogenation requires two 
atoms of hydrogen and exchange only one atom, 
the rate of exchange would bo proportional to 
the square root of the hydrogen pressure. Since 
it was not so, the slow step in exchange must 
involve the undissociated molecule. 

To explain all these results, it was assumed 
that the first step in exchange was a reaction 
involving a deuterium molecule adsorbed in 
the Van der Waals biyer above the ehemisorbed 
ethylene layer. This can be depicted as ; 


Ni Ni 


, u 


Ni 


D 


To explain the state of equilibrium of the 
hydrogen -deuterium mixture during reaction, 
it 18 necessary to assume another step, fask'r 
than (I) : 


Ni Ni 


Ni 

II. 




Ni 


The alternative mechanism for hydrogenation 
does not require the formation of the nickel- 
ithyl complex. The hydrogen molecule is 
presumed to add directly to the adsorbed 
ithylene without preliminary dissociation. 

A considerable body of evidence, mostly 
indirect however, points to the second hypo- 
thesis as the true one. The first piece of evi- 
dence in favour of molecular addition was put 
"orward by G. Vavon (Bull. Soc. chim. 1927, 
iv], 41, 1253) who pointed out that in the 
catalytic hydrogenation of conjugated double 
bonds no 1:4 addition occurred, whereas if 
riydrogenation was effected by nascent hydrogen, 
addition of two atoms of hydrogen in the 1:4 
positions was usually found. The main evidence 
for molecular addition, however, rests on the 
formation of stereochemical isomers by hydro- 
genation. A comprehensive survey of the 
literature has been made by A. and L. Farkas 
(Trans. Faraday Soc. 1937,83,837). Thescauthors 
show that the hypothesis of molecular addition 
holds not only for ethylenic bonds, but also for 
acetylenic triple bonds. It is assumed that if 
the hydrogen molecule adds as a whole without 
previous dissociation, then addition takes place 
in the rifl -position. The schemes of reaction 
are as follow's : 

(1) Acetylenic Uonds : 

X X H 

I \/ 

C H. C 


C 

ic 


X H 


In this way a fairly complete picture of the 
exchange reaction has been obtained. From the 
close resemblance in the kinetics of the hydro- 
genation and exchange reactions, inclmling the 
foot, that the energy of activation for both 
reactions decreases at high t-erajicratures, it 
ap]iears that the state of adsorption of the gases 
is the same in both reactions. That is, hydro- 
genation involves the interaction of an lindis- 
sociated hydrogen molecule adsorbed by Van 
der Waals forces with an ethylene molecule 
chemisorbed at two points by opening the 
double bond. 

Addition of Hydrogen to the Double 
Bond and the Acetylenic Triple Bond. — 
* Since exchange proceeds through the aNsocia- 
tive mechanism, there are two ways in which 
hydrogenation of ethylene to ethane can be 
effected. The first involves the separate addition 
of two atoms (I. Horiuti and M. Polanyi, l.c.). 
The first atom adds on to form the intermediate 
nickel-ethyl complex as in the exchange re 
action, but instead of this breaking down to 
re-form an adsorbed ethylene molecule, a second 
hydrogen atom may add on to it and form 
ethane, according to the following scheme : 

CH, 

H. I 

CH^— CHj i ^ CHj H -1. CH3— CHg 

II' II 

Ni Ni Ni Ni 


By this mechanism the addition of a molecule 
of hydrogen to an acetylenic compound will 
produce a ci«-ethyleiiic derivative. If on 
the other hand the addition of hydrogen pro- 
ceeds atom by atom, then both cis- and trana- 
dorivativea can be formed, and the product 
will be the thermodynamically most stable 
mixture of the tw’O ; in general, since trana- 
compounds are usually the more stable, the 
result of atomic addition will be the trana- 
derivativc. One point has to be noticed, 
however. There is the possibility of a cia-trana- 
isomerisation taking place on the catalyst in the 
presence of hydrogen, by the mechanism dis- 
cussed above for double-bond migration and 
exchange. This would tend to cause the attain- 
ment of the thermodynamic equilibrium. Since 
exchange is known to be faster than hydro- 
genation at high temperatures, this cia-trana- 
isomerisation would be expected to be marked 
at high temperatures. Thus, if hydrogenation 
is molecular, the products of reaction ought, in 
general, to be the cis-ethylenic derivative at 
low temperatures, and the irorw- derivative at 
high temperatures or when nascent hydrogen 
has been used. The observations of A. and L. 
Farkas support this. For example, tolane on 
catalytic hydrogenation forms the cis- compound 
MostObene, whereas with nascent hydrogen it 
yields stilbene ; phenylpropiolic acid is hydro- 
genated on a catalyst to isocinnamic acid, but 
with nascent hydrogen yields cinnamic acid. 



HYDROGENATION MECHANISM. 


377 


(2) Eihylenic Bonds : 
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that low temperature catalytic hydrogenation 
Hhould yield a racemic mixture from a traiis- 
compound, and a wc.5fO-cotnpound from a cis- 
compound, whereaH at high temperatures or 
with nascent hydrogc'n the most stable form 
will be produced, which is, in general, the 
laeso-compound. These predictions were con- 
firmed. Eor example, the catalytic hydro- 
genation of ci.?- and imwa-dimethylstilbene 
yielded the meso- and racemic products respec- 
tively. Again, when ortho- and pora-xylene are 
hydrogenated at room temj3erature, they yield 
mainly 1 :2-diniethylcyriohexano and cis- 
l :4-diinethylryciohexane respectively ; but if tli 
hydrogenation is carried out at 180”c., the trans- 
compounds are produced in both cases (A. 
Farkas. ibid. 1939, S5, 906). 

From these observations, therefore, our present 
picture of the mechanism of hydrogenation is 
obtained. The olefin is adsorbed on the 
catalyst by the opening of the double bond and 
the formation of two nickel-carbon bonds ; the 
hydrogen is adsorbed on top of this film in the 
molecular state. When the hydrogen molecule 
reacts with the nickel-carbon bond, exchange 
results {see 1, p. 376a), and when it reacts with 
the carbon carbon bond, addition takes place 
and the saturated compound is formed. 

One feature of hydrogenation which is still 
obscure is the reduction in the energy of activa- 
tion which takes place at high temperatures and 
which may produce a diminution in the rate of 
reaction with increasing temperature. The 
most reasonable explanation of this phenomenon 
is that it is due to desorption or displacement 
of the olefin from the catalyst by hydrogen 
(H. zur Strassen, Z. physikal. Chem. 1934, 
A, 169, 81), though this does not agree with thr 
observation (Twigg and Rideal, Proc. Roy. Soc 
1939, A, 171, 66) that the reaction 

Hg-t.Da?^2HD 

is inhibited at temperatures above those at whid 
the decrease in energy of activation eete in 


V. and L. Farkas (J. Amer. Chem. Soc. 1938, 
60, 22) have suggested that this decrense is duo 
o an increase with temperature in the con- 
centration of the dissociated fragments (CgHg in 
-he case of ethylene), these fragments not being 
vailable for hydrogenation to ethane. If this 
.8 so, the energy of activation for exchange 
hould show no decrease with increasing tem- 
perature. Twigg and Rideal (l.c.) have, how- 
ver, found a decrease for exchange parallel 
r> that for hydrogenation. 

CaTALVST StbI CTURK and TDK 
CUKMlSORrTlON OF OlkFIN.S. 

The lattice spacing of the catalyst and the 
tting of the adsorbed reactants to the catHl 3 ^ 8 t 
re of eon-siderablc importance in view of tho 
ipecifioity of catalysts and the marked effect of 
-races of promoters in increasing the rate of 
"eaction. The effect of small alterations of the 
Liiteratomic distances on the surfaee has been 
K>inted out by A. Sherman and 11. Eyring (il. 
Amer. Chem. Soc. 1932, 54, 2661), w ho cldeulaied 
be energy of activation for the adsorption of 
lydrogen on rharconl at varying car bon -carbon 
listanccs. They found tluit with a caibon- 
‘arbon distance of 3-6 a. the energy was a 
iiinimum, but that on either side of this distance 
-he energy required rose rajudly. Tlie iin- 
lortanee of tho way in which the reactant is 
-dsorbod was stressed by A. A. Balandin 
Z. physikal. Chem. 1929, B, 2, 289) who oon- 
idered that one catalyst atom could adsorb 
:\{ro al-oms or radicals of the reactant, thereby 
causing these atoms or radicals to combine (the 
[iiultiplct hypothesis). For example, eertaiii 
oxide catalysts cause the simultaneous dehydra- 
tion and dehydrogenation of alcohol. Balandin 
rnggest-od that when the alcohol was adsorbed as 
ihown : 

CH, - CH, 

t was dehydrated to ethylene (the crosses 
represent catalyst atoms). But if it was 
adsorbed as 

CH. CH O 

-he products were acetaldehyde and hydrogen. 
This concept was extended further to the* 
dehydrogenation of cyc^hexane. The reacting 
molecules are presumed to be adsorbed on the 
hexagonal lattice of the catalyst (fig. 1). 
The catalyst atoms 1, 2 and 3 each hold two 
carbon atoms of the cyclohexane, while the 
atoms 4, 6 and 6 each attract a pair of hydrogen 
atoms and cause them to combine. Similarly in 
hydrogenation the benzene molecule might be 
adsorbed in the same manner and the hydrogen 
molecules adsorbed on the atoms 4, 6 and 6 
would then add across the bonds a — 6, etc. 

An important contribution to the question of 
the effect of the lattice structure of the catalyst 
on its activity has been made b}' O. Beeck, 
A. E. Smith and A. Wheeler (Proc. Roy. Soc. 
1940, A, 177, 62). These authors prepared 
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evaporated metal filma which had different 
eryatal planoa exposed to the gas phase. The 
crystal structure of these films was investigated 
by electron diffraction. Two types of nickel 
film could be prepared, one completely oriented 
with the (110) crystal plane parallel to the 
surface on which the film was deposited, and 
the other with a random orientation. The 
activity of these fdms was measured by the 
hydrogenation of ethylene. It was found that 
the oriented film was 5 times as active as the 
nnonented lilin. Thus the ( 1 10) plane, the least 
densely packed ])lane, afipears to be more 



Eiu. I. 


favourable for hydrogenation than eithc tin 
(100) or the (111) plane. 

Another approach to this prohliMii has been 
made by G. IJ. Twigg and E. K. Rideal (Trans, 
h’araday »Soc. 1040, 36, r»33) who made the 
mechanism lor exchange the basis of calculations 
on the fitting ol olelins to tlie catalyst. When 
the olefin is chemisorhed on the catalyst, the 
double bond is opened and attachment takes 
place between the two carbon atoms of the 
double bond and two nickel atoms. The first 
calculation concerned the fitting of the olefin 
molecule between the two nickel atoms (fig. 2). 



There are two nickel -nickel distances in the 
nickel crystal, the distance of closest packing, 
2-47a., and the unit cell side, 3-50a. The latter 
was found to be too great to a(^commodate 
the olefin molecule as postulated. In fig. 2 nn 
adsorbed ethylene molecule is drawn to scale. 
The Ni-Ni distance (a) is 2-47a., the C-C 
distance (c) is i-52A., equal to the normal single 
bond distance, and the Ni-C bond distance (6) 
IS assumed to be equal to that in nickel carbonyl. 
The molecule fits very well, tlic angle B being 
distorted slightly from the tetrahedral angle 
109° 28' to 105° 4'. This distortion can be made 
less if the C-C axis is made to lie at a small 


angle to the Ni-Ni axis. The effect of pro- 
motors on catalytic activity may be due to 
small distortions of the crystal lattice causing 
a more favourable interatomic distance. The 
interatomic distance appears to be an important 
factor in determining the activity of the catalyst. 
In the chemisorption of olefins, as described 
here, the maximum possible interatomic dis- 
stance in the catalyst appears to be about 
2-8a., which may explain why those catalysts 
active in hydrogenation have interatomic dis- 
tances of closest approach between 2-47a. and 
2-54a. (Fe, Ni, Co, Cu) and between 2-7a. and 
2-8a. (Pt, Pd). In the latter group the form 
of the crystal lattice is important, only those 
metals having a face-ccntrcd cubic lattice being 
active in hydrogenation. 

Another calculation was made on the inter- 
action of neighbouring adsorbed molecules. A 
plan, drawn to scale, of the nickel surface with 
adsorbed olefin molecules is shown in fig. 3. 
Two cases arc shown : A, adsorption on the (111) 
plane and B, on the (110) plane. Eor the 
ethylene molecule, the hydrogen atoms have 
been draw’n to scale (full circles). There is 
slight interaction between neighbouring mole- 
cules (»ri the (111) plane, though this is probably 
iiisuffieient to jircvent them covering the whole 
surface. On the (110) plane there is no inter- 
action, and thus ethylene can cover the whole 
surface. This is in agreement with the fact that 
ethylene inhibits the reaction Dg v- 2HD. 
The case of the methyl-substituted ethylenes is 
different, however. The methyl groups are 
drawm to scale (dotted circles, fig. 3). Here the 
interaction between neighbouring atoms is 
quite considerable even on the (110) plane, and 
these moleculoa should not he capable of covering 
the whole surface. That this is actually so is 
showui by the fact that the equilibration 
f D.^ ^ 2HD still proceeds m the presence 
of 2-methylpropcnc or 2-inethyl-2-butene ; 
again, in the hydrogenation of butene, the rate 
of reaction is not independent of the butene 
pressure. In this way confirmation of the 
general picture of the adsorption of olefins has 
been obtained. The fitting of the molecule to 
the catalyst is probably the cause of selective 
hydrogenation in the case of complex molecules 
containing more than one double bond. 

The Fischer-Tropsch Synthesis. 

In the field of catalytic hydrogenation, one of 
the most important reactions is the Fischer- 
Tropsch synthesis of long chain paraffin and 
olefin hydrocarbons from carbon monoxide 
and hydrogen. The type of catalyst used con- 
sists of iron, nickel or cobalt with a suitable 
promoter and support. Investigations into the 
mechanism of the reaction have been made 
with a catalyst w^hich consists of cobalt, thoria 
and kieselguhr in the proportions 100: 18:1 00; 
cobalt and thorium carbonate are precipitated 
un the kieselguhr and reduced in hydrogen at 
375°c. (Report of the Fuel Research Board, 
1938, 189). The general characteristics of the 
reaction are as follows (F. Fischer, Ber. 1938, 
71 [A], 56). When the synthesis gas, 1 part of 
carbon monoxide and 2 parts of hydrogen, is 
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passed over the freshly reduced catalyst at 
190°o. and atmospheric pressure, methane and 
carbon dioxide are formed. After some time 
the Fischer synthesis sets in and the products 
are oil and water. The temperature range over 
which the oil B3rnthosiB occurs is small. Below 
I75°c. there is no reaction ; between 175”c. 
and 226®c. oil is produced, and above 226'’o. 
the main products are methane and carbon di- 
oxide. At high pressures, oxygen -containing 
substances are formed as well as the hydrocarbon 
oils. Investigations into the mechanism (S. H. 
Craxford, Trans. Faraday Soc. 1939, 35, 940) 
show that the reaction takes place through the 
formation on the catalyst of cobalt carbide. 
Evidence for this is that a used catalyst, when 
de(‘omposed by hydrochloric acid, yielded a 
mixture of puraflins and olefins. Measurements 
of the electrical eonduetivily of the catalyst 
during synthesis show^ed that carbide w^as being 
formed in increasing amounts as the a^^mthesis 
proceeded. Craxford showed that the forma- 


tion of carbide does not occur through the 
reaction 2CO+2CO 00X4- CO ^ because 
this reaction is slower than either the reduction of 
carbide to methane or the Fischer-Tropsch 
synthesis ; this reaction would thus not allow 
carbide to accumulate on the catalyst. The 
reaction postulated for carbide formation is the 
reduction of a surface carbonyl : 

O 

1+ Hj -> C+H,0 

(to 

Evidence for this is that the oxygen product of 
the syntlu'sis is water and not carbon dioxide. 
This water cannot have come from the reaction 
COgl-Hg^CO+HaO as the equilibrium of 
this reaction is entirely on the carbon dioxide 
side at 200"o. 

By using para -hydrogen in the synthesis gas 
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instead of normal hydrogen, the ortho-para- 
hydrogen conversion could be measured simul- 
taneously with the synthesis. At 200'’c. when 
syntliP'^is to give oil was taking place, no ortho- 
para conversion was detectable. Under other 
conditions, below 160"c. when no reaction 
occurred, or during the niniiing-in of a catalyst 
when the products were methane, carbon 
dioxide and carbide, or at 200°c. with hydrogen 
in great excess when only methane was formed, 
or at temperatures above 250°c. where the 
product is entirely methane, the ortho— para 
conversion occurred freely. As has been pointed 
out, the occurrence of the ortho-para conversion 
may be taken os an indication of the presence 
of hydrogen atoms on the catalyst. Hence, it 
is concluded that when the Fischer oils are 
being produced there is little, if any, atomic 
hydrogen on the catalyst, whereas the produc- 
tion of methane is associated with the presence 
on the catalyst of atomic hydrogen. 


The water-gas reaction 

CO-f HjO^COg-f Hg 

exhibits a behaviour parallel to that of the 
ortho-para conversion. At 20(Fc. the equili- 
brium is almost entirely on the right-hand side, 
yet during the synthesis of oil, the oxygen 
product is mainly water with only a trace of 
carbon dioxide. But under the conditions 
where the synthesis 3ields methane instead of 
oil, the water-gas reaction occurs and carbon 
dioxide is formed instead of water. Thus 
this reaction is determined by the same con- 
ditions as determine the ortho-para -hydrogen 
conversion. 

From these observations, it is considered that 
the second step in the synthesis is the reduction 
of the carbide by molecular hydrogen leading to 
the production of CHj groups chemisorbed on 
the cobalt. When atomic hydrogen is present 
on the catalyst, the CH3 groups are hydro- 
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f;enaiod to methane. In the absence of atomic 
hydrogen, the groups link up \^jLh each other to 
form long paraffin chains. Tliat this linking-up 
process is more proVmblc than a mechanism in- 
volving the addition of carbon monoxide to the 
end of a chain followed by reduction, is shown 
by the fact that cobalt carbide on treatment 
with dilute acid gives rise to long-chain hydro- 
carbons. 

The mechanism whereby the CHg groups 
link up is not completely understood. E. F. G. 
HeringUin (Trans. Kara'day Koc. 1941, 87, 301) 
has calculated that the acetylene molecule can 
Ije adsorbed on the nickel or cobalt lattice across 
the .I-ODa. distance by the transformation of the 
triple into a double bond. This is in contrast 
to ethylene which can only be adsorbed across 
the shorkT 2-47a. distance. It is found that if 
acetylene is added to the synthesis gas in the 
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depondcntly, and is not incoriioratod in the 
Fischer oil produced. On the contrary, if 
ethylene is present in the ingoing gas, it is in- 
incorporated into the products. This gives 
grounds for thinking that the combination of 
the CHj groups during synthesis occurs 
across the short spaces of the cobalt lattice. 
From spatial considerations, it can be seen that 
during the linking-up to form a large molecule, 
the individual CH^ groups cannot remain 
attached to their origin^ catalyst atoms by Van 
der Waals forces. Consequently the scheme 
of reaction shown in fig. 4 has been proposed. 
This mechanism finds support in the fact that 
the products of the Fischer-Tropsch S3rntheBiB 
contain a large quantity of olefins with the 
double bond in the terminal position. 

Catalyst Uniformity. 

The question of the uniformity of catalysts 
has not yet been decided satisfactorily, though 
it appears that there must bo areas of different 
activity. The concept of active centres is 
largely due to H. S. Taylor (J. Physical Chem. 


1926, 80, 145) who considers these centres to be 
atoms or groups of atoms projecting above the 
plane of the catalyst and having a high activity 
by virtue of their instability. The evidence for 
and against this concept is mostly indirect. In 
its favour the fact is quoted that the heat of 
adsorption of a gas on the catalyst decreases 
with the amount adsorbed (H. S. Taylor, 
Z. Elektrochem. 1929, 85, 545), and the fact 
that poisons reduce the activity of catalysts 
many-fold while the adsorption is only slightly 
affected. Arguments from adsorption, however, 
may not be entirely conclusive since adsorption 
can be composed of several factors, chemi- 
sorption. Van der Waals adsorption and solution 
m the mass of the catalyst, of which the first 
only is concerned in catalysis ; varying heats of 
adsorj)tion have been explained as due to inter- 
action between neighbouring adsorbed atoms or 
molecules (K. F. Herzfeld, J. Amer. Chem. 
Soc. 1929, 51, 2608). More valid evidence, 
however, is derived from cases in which two 
simultaneous reactions are possible with the 
same catalyst and reactants. When allyl alcohol 
vapour is passed over heated copper, it may 
either isomerise to propi on aldehyde or be dehy- 
drogenated to acrolein. F. H. (Vinstable (Proc. 
Roy. Soe. 1926, A, 118, 254) showed that tho 
ratio in which the two reactions occurred was 
de}>endent upon tlie method of preparation of 
tho catalyst. Many other e.vamplcs of this kind 
have been found. Against the theory of active 
centres is the observation of E. W. R. ISteacio 
and E. M. Elkin {ihid. 1933, A, 142, 457) that 
there was no discontinuity in activity at the 
molting-pf)int of zinc when tliis metal was used 
as a catalyst in the decomposition of methyl 
alcohol between 360” and 440”c. E. B. Maxted 
and his eo-workers (J.C.S. 1933, 502; 1931, 26. 
672; 1935, 393, 1190) re -investigated the work 
of Vavon and Husson (Compt. rend. 1922, 175, 
277) on the effect of jioisons on the hydrogena- 
tion of different organic substances, and found 
that the relative reduction in tho rate of hydro- 
genation was the same in all eases, even when 
the absolute rates differed considerably. Thus 
tho same parts of the catalyst appear to be 
concerned in the different types of hydrogen- 
ation. Other evidence of catalytic homogeneity 
comes from the fact that tho energy of activation 
for the hydrogenation of crotonic acid is the 
same on a fresh catalyst and on one of which tho 
activity has been reduced by sintering or by 
poisoning. Other experiments using catalyst 
poisons point to tho uniformity of the surface 
(Maxted and Evans, J.C.S. 1937, 1004 ; 1938, 
2071). The comparative toxicities of hydrogen 
sulphide and various alkyl thiols and sulphides 
to a platinum catalyst were measured. It was 
found that the toxicity of the sulphides was 
more than twice that of the thiols, and in both 
series of compounds the toxicity increased with 
the length of the alkyl chain. The ratio of the 
toxicities of methyl sulphide and hydrogen 
sulphide was 9-0:1. If these molecules are pre- 
sumed to be anchored to the surface by the 
sulphur atom, then by drawing a scale model 
of these molecules on the surface, it can be seen 
that while the hydrogen sulphide occupies one 
platinum atom, the methyl sulphide molecule 
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ran cover nine atoms. Thus, over small areas, 
the catalyst is uniform. These experiments 
also show two types of catalyst surface, each 
in itself homogeneous. The work of Boock, 
Smith and Wheeler (Proc. Roy. Soc. 1940, A, 
177 , 62) show's in another way that different 
types of surface can bo present in the catalyst. 
The present position thus appears to be that 
while the catalyst may contain different types 
of surface, there is no evidence for isolated 
centres of high activity such as those postulated 
by Taylor, and the surface must be regarded as 
made up of areas of relatively uniform activity. 

G. H. T. 

HYDROLITH. A technical name for cal- 
cium hydride, CaH^ (v. V’^ol, II, 205d, and this 
Vol., p. 330fc). Hydrolith has commercial im- 
jiortan(‘e as a reducing agent in metallurgy, and 
for generation (»f hydrogen by interaction with 
w ater, 1 kg. producing about 1 cu. m. of the gas 
at ordinary temperatures and pre.ssiires. Por 
technical applications, see Alexander, Met. & 
Alloys, 1937, 8, 263; 1938, 9, 46. 

HYDROLYSIS. The term hydrolysis (or 
hydrolytic dissociation) is given to a number of 
different chemical reactions, all of which consist 
in the addition of water to a complex, and the 
subsequent resolution of the product into 
simpler substances. 

Some of the best-known types of hydrolysis 
are those of metallic salts, esters, acid cldorides, 
amides, etc,, or generally acyl derivatives, 
complex carbohydrates and glycosides, and 
finally, polypeptides and proteins. 

1. Hydrolysis of Salts. 

The hydrolysis of a salt by water may be 
represented by means of an equation of the type : 

KCN+H OH ^ HCN+KOH 

The reaction is a balanced one, and may be 
regarded as due to the incomplete neutralisation 
of the acid and base from which the salt is 
derived ; in terms of the ionic theory the acid in 
question (HCN) docs not yield sufficient 
hydrions to combine with the hydroxyl ions of 
an equivalent quantity of the strong base 
(KOH). When equivalent quantities of a 
strong acid and a strong base are brought to- 
gether in aqueous solution complete neutrali- 
sation takes place, and a normal salt with a 
neutral reaction towards common indicators is 
formed. (Basis of methods of acidimetry and 
alkalimetry.) In the cases of such salts appreci- 
able hydrolysis would not be expected even in 
dilute solution. The following are the common 
t 3 pes of salts which are hydrolysed by water : 
(1) salts derived from feeble acids and strong 
bases ; (2) salts from strong acids and feeble 
bases ; (3) salts from feeble acids and feeble 
bases. Examples of the first type are potassium 
cyl^de (v.s.) and sodium phosphate, 

NagPO^+H OH^ NajHP 04 +Na 0 H 

and even 

NagHPO^+H OH ^ NaH,P 04 +Na 0 H 

Solutions of such salts invariably have an 
alkaline reaction towards common indicators, 
e.g. litmus, phenolphthalein. The water may 
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be regarded as a feeble acid, wdiich, like any 
other feeble acid, liberates a certain amount of 
acid from the salt w'ith w'hich it is brought into 
contact. In many cases acid salts are first 
formed, e.g. sodium phosphate, sodium carbon- 
ate, but free acid and free base may be liberated. 
The alkaline reaction of the solution can be 
accounted for by the fact that the feeble acid, 
or the acid salt formed, is ionised to a slight 
extent only, whereas with moderately dilute 
solutions the strong base is almost completely 
ionised, and thus there is a great excess of 
hydroxyl ions over hydrions. Examples of the 
second type arc ferric chloride and cupric sul- 
phate, which are derived respectively from the 
feeble bases, ferric hydroxide and cupric hy- 
droxide. The aqueous solutions of such salts 
invariably give an acid reaction. The hydrolysis 
may be rcqiresented by moans of the equations : 

FeCla+H OH FeCla OH+HCI 
or even FeCla+SH-OH Fe(OH)3+3HCI 
and CuS044 2 H OH ^ Cu(OH)af H2SO4. 

With moderately concentrated solutions basic 
salts, e.g. FeCljOH are almost certainly 
formed, and it is only in very dilute solution that 
the hydrolysis will proceed to the formation of 
the metallic hydroxide, and even when this is 
formed it is not precipitated, but remains in 
solution in the form of a colloid. A group of 
salts wdiicli belongs to this typo is that of the 
salts derived from the strong mineral acids, and 
feeble organic bases such as aniline, c.j/. 

CoHj NHaCI-f H OHv-iCeHg N H3 OH f HCI 

Aniline Aniline 

Iiydrochloride hydroxide 

CgHgNH^l H^OH HCI 

Examples of the third type are ferric iihos- 
phatc, aluminium carbonate and sulphide and 
aniline acetate. The hydrolysis in the first 
case 18 readily shown by washing finely divided 
ferric pliosphate with distilled water, when it 
is found that the filtrate is always distinctly 
acid, owing to the free phosphoric acid which 
has been washed away by the w ater, and if the 
operation is eontiiiiied nearly pure ferric 
hydroxide remains on the filter. In the case 
of the two aluminium salts, they are so readily 
hydrolysed that when brought into contac't 
with water they yield the corresponding metallic 
hydroxide, and the free acids, carbonic acid and 
hydrogen sulphide, which escape and thus 
destroy the equilibrium. 

In the case of salt formation we may regard 
the water as capable of acting as either a feeble 
base or a feeble acid. When in contact with 
equivalents of a strong acid and a feeble base 
the water competes with the base for the acid, 
and hence neutralisation is not complete, or, in 
other words, hydrolysis of the salt occurs and 
the feebler the base the greater the degree of 
hydrolysis. The mechanism of salt hydrolysis 
according to the ionic theory is as follows ; In 
aqueous solution the given salt, e.g. potassium 
cyanide, is ionised in the ordinary manner into 
K+ and CN~ ions, but water itself is ionised to a 
slight extent, HjO^ H + -)-OH-, and as hydro- 
gen cyanide is a very feeble acid, and therefore 
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ioniaed to only a very alight extent in aqueous 
aolution, there is a tendency for the H * ions of 
the water to combine witli the CN " ions from the 
cyanide, yielding undissodatcd HCN ; the result 
is that the equilibrium H 2 O H^ + OH~ is | 
destroyed and more molecules of water are 
ionised, but this results m further combination 
between H ^ and CN" ions, and by this means an 
excess of OH- over H+ ions is produced, and 
thus the alkaline reaction. The changes con- 
tinue untiJ iiltinintcJy equilibrium is established 
latween the KCN, CN , OH , HCN 

and HjO present. The degree of hydrolysis, 
i.c. the fraction oi the salt hydrolysed, cannot be 
determined by direct titration of the free acid or 
free base present in solution ; the addition of 
standard acid to the solution of potassium 
cyanide would immediately destroy the equili- 
brium whirh previously existed, and more salt 
would be hydrolysed in order to restore the 
equilibrium, and the point of neutrality would 
not bo reached until acid sufficient to decompose 
the salt completely had been added. The 
methods commonly adopted for determining the 
degree of hydrolysis are (flee Farmer, R. A. Report, 
11)04, 240) : (1) Determination of the concentra- 
tion of the free acid or free alkali present in the 
solution of the salt by its catalytic effect on the 
hydrolysis of an aqueous solution of ethyl acetatt^ 
or on the inversion of a solution of cane sugar, 
and then determining the amount of jiure acid 
or alkali required to jiroduce the same effect 
(for acid, me Walker, Z. physikal. Ohem. 1889, 
4, 319; for alkali, see Shields, Und. 1893, 12, 
197; also Bruner, ibid. 1900, 82, 133; Ley, 
ibid. 1899, 80, 210; Walker and Aston, J.C.S. 
1895, 67, 670). (2) Detcrmmation of the cloe- 
trieal conductivity of the solution (Walker, Z. 
physikal. Chom. 1889, 4, 333 ; Brcdig, ibid. 1894, 
18, 313; Lundy, J. Chim. Rhys. 1907, 5, 674; 
Denham, J.C.S. 1908, 93, 41). The molecular 
conductivity of a hydrolysed salt of the type 
aniline hydrochloride is made up of two quan 
tities ; (a) conductivity due to thenon-hydrolysed 
salt ; (6) conductivity duo to the free acid formed 
on hydrolysis — since the free base (aniline) is not 
an electrolyte. M“(l— a:)Mi+a:i/Hcip where M 
molecular conductivity, a:= degree of hy- 
drolysis, 1 * 2 = molecular conductivity of non- 
hydrolysed salt and whci that of the free acid 
formed. The various quantities in the equation 
with the exception of x can be determined and 
then X calculated- (3) Determination of the 
•partition coefficient (Farmer, ibid, 1901, 79, 
863). In the case of the hydrolysis of aniline 
hydrochloride the concentration of the free base 
is determined by shaking the aqueous solution 
at a given temperature with a known volume 
of benzene, and finding the concentration 
of the aniline in the benzene layer. Since 
Cb/Caq is always constant (Cb= concentration of 
aniline in benzene and Caq —concentration of 
aniline in water) for a given temperature the 
concentration of free aniline in the aqueous layer 
can be calculated directly, and thus the degree 
of hydrolysis determined. The assumption is 
made that the salt present does not affect the 
partition coefficient to an appreciable extent, 
(4) Observing the change in colour produced 
by a solution of the hydrochloride of an organic 


lase in a solution of Methyl Orange of knowm 
concentration, and a comparison of this change 
with that produced by the addition of known 
quantities of hydrochloric acid (Veley, ibid. 
908, 98, 652. 2114, 2122; 1909, 95, 768; 
Trans. Faraday Soc. 1908, 4, 19). 

The degree of hydrolysis of a salt may also 
be measured with the aid of the hydrogen or 
quinhydrone electrode and plotting the 
concentration) curve (V. C^upr, Z. anorg. Chem. 
931, 198, 310; Dupont, Compt. rend. 1931, 
.92, 1643; Kulthoff and Kameda, J. Amcr. 
iiem. ISof. 1931, 58, 832), or with the glass 
electrode (Cranston and Brown, .1. Roy. Te(‘h. 
/Oll. 1937, 4, 46; Trans, t'araday Soc., 1937, 33, 
1455; 1940, .578). 

The following percentage values have l>een 
ibtaiued with i O~O lM solutions (v. Cupr ami 
Viktorm, A. 1931, 910). 

Zinc sulphate . . . 0-0023-0-0046 

Cadmium sulphate . . 0 0006-0-0016 

Beryllium halides and suljihate are also 
hydrolysed (M. Prytz, Z. anorg. Chem. 1929, 
180, 355; 1931, 197, 103). The hydrolysis is 
regarded as of tlio typo 

2Be++ j-HgO Be 20 + + +2H + 

as the values of Kq in the equation : 

Ko =Au2 CBe,0^ ' + 

(where An represents the hydrogen ion activity) 
arc practically constant and have the values 
Kq < 10’ : sulphate 1-4, chloride 1*7, bromide 5-9 
and iodide 4-4. In many cases rapid hydrolytic 
reactions are accompanied by secondary slow 
rea(‘tion8 m which the products of the primary 
hydrolysis coalesce to form products of high 
molecular weight and the application of the law 
of mass action is difficult if not impossible. 
The hydrolysis of salts of weak poly basic acids 
leads to iflopoly acids which can exist in a narrow 
region of hydrion concentration, whilst the 
hydrolysis of salts of weak poly- acid bases is 
characterised by wopoly bases which can exist 
in wide regions of hydrion concentration (K. F. 
Jahr, A. 1938, 1, 202). 

Most of the methods give only rough approxi- 
mations (r/. Beveridge, Proc. Roy. Soc. Edin. 
1909, 29, 648). A few of the results obtained 
are as follows : 
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Glycine hydrochloride 

25 

1000 

HydrolyBlB of ester 

AcetoxJmc ,, 

25 

3600 

)i II 

Urea ,, 

25 

0000 

Inversion of sugar 

60 

8100 

So’dlum cyanide 

25 

110 

Saponification of 
CBter 

,, acetate 

25 

0008 

II >1 

,, carbonate 

25 

317 

II 

,, phoiiate 

Aniline hydroclilorlde 

25 

305 

Inversion of sugar 

60 

2'60 

Zinc chloride* 

25 

1-50 

Conductivity 

100 

010 

Inversion of sugar 

Ahunlnlum chloride 

100 

610 

Conductivity” 

Ferric chloride . 

25 

0*50 

40 

1000 

Inver'^ion of sugar 

Lead ,, 

25 

0-50 

Conductivity 
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The whole question becomes more oomph*- 
cated when the acid or base formed by hydrolysis 
is unstable and is transformed into isomeric 
pseudo-acia or pseudo-base. 

The influence of concentration on hydrolysis 
is given by Guldbcrg and Waage's law of mass 


action. According to this 


- = constant. 


X Cd 

where Cs represents the concentration (molar) 
of the non-hydrolyscd salt, Ca that of the acid 
formed by hydrolysis, and Cb that of the base. 
If originaUy 1 g.-mol. of salt was dissolved in 
V litres of solution and x g.-mols. were hydrolysed, 
then 


}~x/xx r(l--j) ^ ^ 

= constant, or = constant. 

V V 


It is obviou.s that as v increases, i.e. as the 
concentration is diminished, x, i.e. the degree 
of hydrolysis, must increase in order to keep the 
whole expression constant. 

The relationships are not quite the same 
in the case of a salt derived from a feeble base 
and a feeble acid, e.g. aniline acetate, 

CeH.NHgOCOCHg+HaO 

^ C.HB NHj OH + CHa CO-OH 


metallic chlorides derived from feebly electro- 
positive metals are appreciably hydrolysed, e.g. 
FeClg, BICI3, etc. 

II. Hydrolysis of Oroario Halides. 

A. Alkyl Halides. — A common method for 
the formation of alcohols is by the action of 
alkalis on alkyl halides, more particularly the 
bromides or io^des . W ith water alone an equili- 
brium is established RX-H HgO ^ R*OH-f- HX. 
With many alkyl halides secondary reactions 
can occur, more particularly when the alkali is 
dissolved in aqueous alcohol. With ethyl hahdes 
and higher homologues there is always the possi- 
bility of the elimination of hydrogen halide and 
the formation of an olefin. This elimination is 
favoured when solvents rich in alcohol are used 
and moderately high temperature. It is essential 
that there should be a hydrogen atom in the 
position a- to the halogen. In certain cases 
hydrogen halide can be eliminated and a cydo- 
y)araflm formed {v. Cyclknes). An accumula- 
tion of alkyl groups at the carbon atom to which 
the halogen is attached favours the formation of 
olefin, and elimination of hydrogen halide can 
occur in a solvent like anhydrous formic acid in 
the absence of alkali : 


If the reaction is represented as taking place 
between the ions of the salt and the water, 
and the salt is practically completely ionised, 
and the base and acid not appreciably, then 
Coai'CAn/CA-Cn= constant, where Ccat-concen- 
traction of the cation and CAn^^’oncentration 
of the anion. But Cofti=CAu=08»it. 


C^atit/CA-Cfl ~ constant, or 



= constant 


where a, b are the gram-niols. respectively of 
salt, acid and base in v litres of solution. But 
this expression is independent of v, and hence 
dilution docs not afl’ect the degree of hydrolysis. 

Another factor which affects the degree of 
hydrolysis is the addition to the solution of 
one of the products of hydrolysis, e.g, free acid 
or free base. Thus the hydrolysis of aniline 
hydrochloride in aqueous solution can be stopped 
completely by the addition of hydrochloric acid 
or of aniline. This follows again directly from 
the equation C^/CA'CB^constant. If Ca, t.e. the 
concentration of the acid, is increased it is neces- 
sary, in order that the whole expression may 
remain constant, that cither Cb should diminish 
or Cb increase or both, and the only w'ay in 
which this can be effected is by a diminution in 
the degree of hydrolysis. 

The velocity of salt hydrolysis has been 
determined in a few cases, e.g. ferric chloride 
(Goodwin, Z. phyaikal. Chem. 189(), 21, 1) ; 
potassium ruthenium chloride, KgRuCL (Lind 
and Bliss, J. Amer. Chem. Soc. 1909, 81, 868). 

A type of hydrolysis analogous to salt 
hydrolysis is that of the chlorides of certain 
non-metals, e.j7. PCl3+3H|0=3HCI+P(0H)3. 
This reaction proceeds to completion in the 
prosenoe of an excess of water, and, as a rule, 
the chlorides of non-metals are hydrolysed more 
readily thkn those of metals. Nitrogen tri- 
chloride and carbon tetrachloride are, however, 
stable in the presence of water and many 


Br CH3 


aHC 




CH, 


-vCHaCf +HBr 
\CH3 


( 3 ) 


With concentrated ethyl alcoholic solutions of 
alkali the halogen is often replaced by the 
ethoxyl, — OEt, group, and the rfcaction is 
termed alroholysis (c/. p. 3!)76). Equivalent 
quantities ol different alkalis give diflerent rates 
for the hydrolysis of ethyl cliloride and follow 
the order NaOH> Na2C03>Ca0> MgO 
(I/.inailski and Papov, J. Gen. Chem. U.S.S.K. 
1938, 8, 695). 

Considerable attention has been given to the 
mechanism of this type of hydrolysis by Hughes, 
Ingold, Shapiro and their co-workers (J.C.S. 
1935,255; 1936,225; 1937,1177,1183,1187, 
1192; 1938, 881; c/. also Taylor, ibid. 1935, 
1614; 1937, 1962; 1938, 840, and reply to 
Taylor, ibid. 1940, 913, 920, 925, 935). 

The reaction between ethyl halides and water, 
acids or dilute alkali is one of the second order 
(Grant and Tlnishelwood, ibid. 1933, 258). 

CaHgX+H OH ^ \2) 

whereas with /erf-butyl halides, CMCgX, , 
the reaction is one of the first order and can be 
represented as taking place in two stages 
(Hughes, ibid. 1935, 255) : 


(а) RX-^R+-[ X-slow 

(б) R ' H H OH R OH-l H ^ fast 


The velocity actually measured by estimating 
cr is that of the unimolecular reaction (a), i.e. 
the ionisation of the alkyl halide, as the second 
stage, (6), is very rapid. 

The bimolecular reaction (2) is characteristic 
of most primary alcohols, but the accumulation 
of electron-releasing alkyl groups and still more 
of aryl groups at the seat of substitution of an 
alkyl halide causes the suppression of the reaction 
(2) and its replacement by reaction (1) involving 



For tho second- order reaction for ethyl and ' 
/.Aopropyl broinides the viiIuoh of k are roughly 
2r):l and m the first-order reaction th<*re is a 
marked increase from isoprripyl to ^«r/-biityl. 
The addition of water to the alcoholic solvent 
strongly accelerates the unimolecular reaction 
(1), slightly retards bimolecular substitution (2) 
and more strongly retards elimination. A com- 
parison of the velocity coefficients of fluorides, 
ehlorides, bromides and iodides of the same 
alkyl radical shows that there is a much greater 
difference between fluoride and chloride than 
between other pairs, e.g. for f erf -butyl the ratios 
are: F:C1 KF*, Cl:Br-4(), Br:l---2-ri, and 
the same holds good for activation energies. The 
velocity coelficients (first order) for ferf-hut^d 
halides are some 1(F times those for the eorre- 
sponding ttopropyl ('orapounds. 1'he proof 
that the hydrolysis of the ferf- butyl com- 
pounds is of the unimolecular type, 

RX^ Ri 1 X , 

IS based on the following considerations, 
(a) The rate constant for a given compound is tlie 
same in w'ater, dilute acid or very dilute alkali, 
(h) By using a solvent with an ionising penver 
tow^ards alkyl halides as great as or greater than 
that of water, e.g. anhydrous formic acid, and 
adding small amounts of water, the initial 
velocity is found to be independent of the con- 
centration of the water and the curves (time 
— C I concentration) arc all the same in the early 
, stages, but differ at later stages owing to the 
reversibihty of the reaction, (r) By determining 
rates of both hydrolysis (replacement of Cl by 
OH) and alcoholysis (replacement of Cl by 
OEt) in the case of ferf-butyl chloride it is 
found that the maximum rates of the two 
reactions have no connection with the com- 
position of the product, w^lieroas if the reaction 
were bimolecular the composition of the product 
could be calculated from the two rates 
(Olson and Halford, J. Amer. Chem. Soc. 1937, 
59, 2644). For general discussion, see Bateman, 
Church, Hughes, Ingold and Taher (J.C.S. 
1940, 979), and for hydrolyses in liquid sulphur 
dioxide, cf. Bateman, Hughes and Ingold {ibid., 
1011 and 1017), 

Olefin is formed with anhydrous formic acid 


OH for halide, Cowbray, Hughes, Ingold, 
Masterman and Scott (J.(LS. 1937, 1252) have 
draw'n a number of conclusions relating to the 
Walden inversion. They conclude that bi- 
inolecular substitution leads to inversion and 
uni molecular leads normally to raoemisation as 
the cation has a plane of symmetry, but that 
inversion can also occur if the life of the cation 
is very short. The reactions with silver oxide 
or silver salts are similar to unimolecular sub- 
stitution. In (idch of the series : j5-w-octyl, a- 
phenylethyl, a-substituted propionic acids, a-sub- 
stituted-a-phonyl- and a-substituted-jS-phenyl- 
propionic acids, mono-substituted succinic acids 
the halogenatcd, hydroxy-, methoxy- and, in 
some cases, amino-compounds which have the 
same sign of rotation, e.g. -f , have the same 
relative eonligu rations, with the single exception 
f ( f ) a-hydroxypropionic acid which has a con- 
figuration difi’orent from the (-|-) halogenated 
acids. 

Based on these data conclusions are drawn 
with reference to the action of halides of phos- 
phorus, thionyl chloride and hydrogen halides 
on hydroxy-compounds and the results confirm 
the views of Frankland {ibid. 1913, 103 , 725) 
rather than those of Clough {ibid. 1918, 113 , 526). 

Olivier (Rec. trav. chim. 1934, 53 , 869, 981), 
from a study of the reactions of the three chlorides 
‘jH,CH,CI, CeH.CHCljj and C^H,CC\^ 
and various substituted derivatives in aqueous 
acetone solutions of KOH and HgSO^, shows 
that the reactions are pseudo -uni molecular and 
in no case catalysed by hydrions. The hydrolysis 
of the first is catalysed by hydroxyl ions but 
that of the second and third is not, hence in 
the preparation of benzaldehyde from benzal 
chloride the addition of alkali is unnecessary. 
The effect of substituents in the phen3d group 
is such that the more negative the chlorine is 
rendered the less pronounced is the effect of 
hj'droxyl ions. The hydrolysis of CgHj-CHjCI 
in water is slower than in aqueous acetone, 
probably owing to the higher dielectric constant 
of water and hence the more negative character 
of the chlorine, see also Hackel, Annalen, 1939, 
540 , 274 ; and for effect of mercuric halides on 
hydrolysis of alkyl halides in aqueous acetone, 
see Read and Taylor. J.C.S. 1939, 1872 j 1940, 
679. 
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B. Halogenated Fatty Acids and their 
Salts.— Senter (J.C.S. 1907, 91, 460; 1909, 
95, 1827; 1912, 101, 2528) has shown that 

hydrochloric acid or neutral salts have little or no 
effect on the hj^drolysis of the free acids by water 
and that within wide bmits the rate of hydrolysis 
is directly proportional to the eorieentration of 
the acid. At 102° the reaction is of the first 
order in dilute solutions, but deviations are met 
with in more concentrated solutions. With alkalis 
the reaction is of the second order in dilute 
solution. The hydrolysis with water is favoured 
by the introduction of alkyl groups into the 
molecule, whereas such groups retard the 
hydrolysis with alkalis. 

Dawson and his co-workers {ibid. 1933, 49, 
1133 ; 1934, 778 ; 1936, 153, 497) attribute the 
catalytic effect of acetate ions on the aqueous 
hydrolysis of sodiuiii bronioacetate to the 
formation ol an aeetoxyaeetate ion, 

CHg COa CHjj COj" 

and in the absence of acetate ion the brorao- 
acetate ion can catalyse by forming bromo- 
a(‘etovyacetatc ion, CH. 2 Br-C 02 *CH 2 *C 02 . 
The whole process comprises two distinct 
reactions : 

(1) A reaction of the first order with excess 
water : 

CHaBr-COa'+H OH^HO CHj COjH+Br“ 

( 2 ) A bimolecular reaction occurring in two 
stages : 

(a) 2CH,Br COa" 

‘ ■ ■ .CHa-COa'+Br" 

{h) CH^BnCOgCHgCOa jO 

►CHaBr COj ^ OH CHa COjH 

and 

where r, and are the velocities and k^ and k^ 
aie the velocity coefficients of reactions (a) and 
(?>) and r is the concentration of the CH. 2 Br C 02 
cation. 

In the presence of an added catalyst, e.g. 
acetate ion, formate ion or hydroxyl ion, the 
reaction can be represented as : 

where & is the concentration of the added 
catalyst and the corresponding velocity co- 
efficient. The most active catalyst is the 
hydroxyl ion and the fact that the course of 
alkaline hydrolysis can usually be exiiressed 
with close Approximation to a simple bimole- 
cular reactior^is entirely due to the large value 
of k\ (for O H~) as compared with k^ and A'j. 

With a mixture of free acid and sodium salt 
the reaction is more complex : 

hU3-|-l’4 

= A-J A]+ I'aL A]2+ kj[ H A]+ k^[ H AJ[ A] 

where [A] represents the concentration of the 
bromoacetate cation and [HA] the concentra 
tion of the un -ionised acid. The collisions 
between pairs of bromoacetic acid molecules have 
no measurable effect. By varying the conditions 
■ of the reaction any one of the four component 
reactions can be made the dominant factor in 
VoL. VI. — 26 


the observed rate of change, and under certain 
conditions the general velocity equation reduces 
to very simple terms. The reaction becomes 
more complex when appreciable hydrolysis has 
taken place as the glycoUate, OH CHa COa", 
ions exert an influence and the whole velocity 
then becomes 

«= *i[ A] + *■,[ A]2+ fc,[ H A]+ J-JH A][ A1 

•+*-,[A][G]+t,|HA]fG] 

where [G] represents the concentration of the 
[ly collate ions. The reactions between bromo- 
acetic acid and hyilrions, and collisions between 
pairs of bromoacetic .icid molecules, glycollic 
acid molecules or bromoacetic acid and glycolbe 
acid molecules have no measurable influence. 

The relative values of A-, x JO® to k^ xlO® 
are: 0-059, 19-3, 0-041, 72, 36, 136. To render 
the results comparable all experiments were 
made with the same total salt concentration by 
the addition of sufficient sodium nitrate or 
sodium perchlorate. 

The course of alkaline hydrolysis can be repre- 
sented by the equation : 

t4lA][OH‘]+ii,[A]LH,0]+io[A]* fi„LA][Gl 

and as Au. Ato and A-y are all less than 0-0 1 it 
follows that the rate of alkaline hydrolysis is 
almost entirely dependent on Ata, so long as the 
coiicentratiori^of OH is not too small. With 
very low OH concentrations the whole process 
cannot bo represented as a simple bimolecular 
reaction. 

III. Hydrol^sts of Acyl Derivatives. 

Practically all acyl derivatives arc hydrolysed 
more readily than the corresponding alkyl com- 
pounds ; the esters and acid anhydrides more 
readily than the ethers ; the acyl lialides more 
readily than the alkyl halides; the amides, 
imides and anilides more readily than the stable 
amines. 

A. Hydrolysis of Esters. — The hydrolysis 
of an ester may be brought about by water alone, 
by solutions of neutral metallic salts, by aqueous 
solutions of strong alkalis or acids, by water in 
the presence of finely divided solids, such as 
charcoal, and also by means of enzymes. 

(I) Hydrolysis with Water. — The reaction 
with water may be represented by an equation 
of the type ; 

CH 3 CO OC 2 H 5 + H OH 

^ CH 3 CO OH + C 2 H 3 OH 

The reaction is the reverse of esterification, and 
is hence a balanced bimolecular reaction ; in 
dilute solutions, however, the mass of the water 
may be regarded as remaining constant, and 
the reaction becomes practically non-reversible. 
Like esterification the reaction is slow and lends 
itself to study as a time reaction and also has a 
relatively high activation energy E. The course 
of the reaction can bo followed by estimating 
the amount of free acid in the solution after 
given intervals of time ; this is accomplished by 
removing an aliquot part of the solution at the 
given time and titrating the free acid by means 
of standard alkali solution. In most cases it is 
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necessary to use a feeble alkali for titration, 
e.g. ammonium hydroxide with litmus as in 
dicator, as nearly all esters which are hydrolysed 
appreciably by water are decomposed very 
really by strung alkalis, and it becomes im- 
possible to detect the end point of the titration 
when sodium or barium hydroxide solutions are 
used. Esters derived from comparatively strong 
acids, e.g. methyl sulphate, ethyl formate, ethyl 
trichloroacetate, ethyl pyruvate and ethyl tar- 
trate are readily hydrolysed by water at room 
temperature. Jn these cases the velocity of the 
niaction docs not correspond with that of a 
simple unimolecular reaction, the values for 
k caUuilatcd from the first order equation 
k J// log |a/a— .rj, increase as i increases, and 
the probable reason is that the acid formed 
during the hydrolysis reacts catalytically on the 
reaction (ac ft wader hydrolysis by acids). Hydro- 
lysis of natural glyceryl esters by means of 
sujierheatod steam is used as a commercial 
method lor the production of stearic acid for the 
manufacture of candles (i>. this V(d., p. 456). 

Mechanism of Hydrolysis . — Two ditterent tyjies 
of lission of the ester molecule under the m 
fluenco of water are possible : 

(1) R'— 

i^o— R R/' 

(2) R'-C^ ; ;o 

^0-:-R r/ 


i.e. the lission occurs at the -i-O — R bond or at 

the 0-:-R, and all available evidence supports 

the former view, which was first suggested by 
Eerns and Lapworth (J.O.S. 1912, 101, 273). 

Alkahne hydrolysis is represented by the 
scheme : 

X /O' 

(а) R'-C<; H OH" R'— CfOH 

\0R \0R 

R' — -I OR (slow) 

^OH 

(б) OR -1-H OH H OR hOH "(fast) 

* and acid hydrolysis by the scheme : 

.O O 

(а) R'-C^ +H* ^ R'~C^<; R 

^OR \0< 

R' — C^=0-l-R*0H (slow) 

(б) R'— C'=0+H 0H 

/O 

R'— C'<' (fast) 

\OH 

The two points of attack in the ester are the 
O of the OR group, which attracts protons, and 
the C of the CO group which attracts hydroxyl 


ions. If both function then an ion common to 
both acid and alkaline hydrolysis would be 
formed ; 

/O' 

R— C^OR 
^O— R 

\r^ 

The main arguments in favour of Ferns and 
Lapworth’s view are : (a) An optically active 
ester containing a dissymmetric alkyl group 
gives, on hydrolysis — both acid and alkaline — 
the pure optically active alcohol (Holmberg, 
Ber. 1912, 46, 2997). If the hydrolysis followed 
scheme (2) the free alkyl radical would give a 
racemic alcohol. (6) When the eater contains an 
unstable unsaturated alkyl group, hydrolysis , 
involving the elimination of R would bring about ' 
isomerisation and the alcohol formed would not 
correspond with the ester, e.g. the ester 

CH3 CO O CHMe CHiCHg 

yields the alcohol 

HO CHMe CHiCHg 
and not the isomer : 

CHMeiCH CH^ OH 

or a mixture of the two (Ingold and Ingold, 
J.C.S. 1932, 758). (c) The strongest argument 
is the fact that when hydrolysis — either acid or 
alkahne— is carried out in the presence of water 
rich in heavy oxygen ^*^0, the alcohol formed 
contains no heavy oxygen and hence the O of 
the O R of the alcohol is derived from the ester 
and not from the water (Polanyi and Ssiabo, 
Trans. Faraday Soc. 1934, 30, 508 ; Datta, 
Day and Ingold, J.C.S. 1939, 838; Herbert and 
Bliimenthal, Nature, 1939, 144, 248). 

According to Kirrmann (Bull. Soc. ehim. 1934, 
[vj, 1, 247) the hydrolysis of the four esters : 

(1) allyl pyruvate, (2) ethyl iiyruvate, (3) ally- 

lidenc acetate, (4) propylideno acetate, in water 
proceeds in two different ways : (a) a uni- 

molecular spontaneous reaction (velocity co- 
efficient k), (b) a reaction with a velocity pro- 
portional to hydrion concentration (propor- 
tionality constant b). The values for k and b 
for the four esters at 25^ and expressed in gram- 
molecules, litres and hours are: (1) 0'062, 8; 

(2) 0026, 10; (3) 0010, 8; (4) 0-004, 7. It is 
claimed that the results supjiort Ferns and 
Lapworth’s view of ester ffssion. In pure water 
the rate of hydrolysis of ethyl formate is pro- 
portional to hydrion coi centration and is 
retarded by addition of sodium formate. With 
ethyl acetate hydrolysis starts only after several 
days and is due to unknown impurities. 

Experiments made with water and mixtures 
of water and deuterium oxide (Kailan and 
Ebenoder, Z. physikal Chem. 1937, 180, ISI , 
1938, 182, 397), at 206*^ and in absence of a 
catalyst show that the DjO retards the hydro- 
lysis of methyl, n-propyl and n- butyl acetates 
and benzoates, but does not alter the equilibrium. 

Kendal and Harrison (Trans. Faraday Soc. 
1928, 24, 588) by an examination of fr^zing- 
point curves of mixtures of water with various 
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estera show that compound formation is common 
in all the systems examined, and that the 
tendency increases with the strength of the acid 
radical of the ester, whereas the nature of the 
alcohol radical apx>earB to be of liftle Influence in 
this respect. 

For discussion on the evidence that hydrolysis 
18 preceded by the addition of w'ator to the O of 
the CO groups, v. Adickes, rheni.-Ztg. 1937, 61, 
167. 

(2) Acid Hydrolysis. — The hydrolysis of 
esters by means of dilute mineral acids is slow 
and readily lends itself to study as a time re- 
action. The velocity is directly proportional to 
the concentration of the mineral acid, i.e. 
probably to that of the hydricuis which act as a 
l ataJyst, and the reaction may be represcnled 
by the differential equation 

dxldl - k (f J 2 „trr X CHgO X Cn ^ ) 

In dilute solution (and most esters are some- 
what sparingly soluble in v\ater) CHgO can be 
regarded as not changing, and rj|+ is also con- 
stant, since the (‘atalyat is not used up during the 
reaction. The process thus becomes a typical 
unimoleciilar reaction, and the velocity constant 
can be determined with the aid of the usual 
formula k- Ijt log [fl/(a— ir)]. 

The catalytic activity of the acid is not 
entirely due to the hydrions, but also to the 
un-ionised acid (r/. Fhterification). E. Ram- 
stedt (J.dS. 1 Olf), 108, ii, 54 1 ) gives the following 
formula ; 

'/; = k\\ X C X fl-H I'm x C(1 -a) 

where t'-rate of hydrolysis, k\i and km are 
cot^tficients characteristic of the hydrioii and 
un-ionised acid respectively, (.^ is the concentra- 
tion of the acid, and a is a the degree of ionisa- 
tion. Experiments were made with eth 3 d 
ac(*tatc using various organic acids as catalysts, 
the degree of ionisation of the acids being deter- 
mined by measurements of electrical con- 
ductivities of the free acids and sodium salts 
over a considerable range of dilution. 

The concentration of the organic acid at 
any given time is obtained by titrating a portion 
of the solution with standard barium hydroxide 
solution and phenolphthalein (unless the ester 
is derived from a strong acid wdien ammonia 
and litmus are used) and subtracting from the 
total alkali used the amount required by the 
mineral acid. The following relative values 
have been obtained at 25“^, with O-lA^-hydro- 
chloric acid as catalyst acting upon the methyl, 
ethyl and propyl est^ers of acetic, propionic, 
butyric and valeric acids : 

k methyl ester : k ethyl ester - 0-97 
and k ethyl ester : k propyl ester— 1-01 

k acetate ester : k propionate ester -=1-07 
k propionate ester : k butyrate ester=l-75 
k butyrate ester : k valerate ester -- 2-93. 

From these values it is clear that in the hydro- 
lysis of an ester R' CO OR by means of a strong 
mineral acid the acyl group R'-CO has a much 
greater influence than the alkyl group R on 
the velocity of hydrolysis (Hemptinne, Z. 
physikal. Chem. 1894, 13 , 562). Loewenherz 
{ibid. 1894, 15 , 389) working at a temperature 


of 40° found that ethyl formate is hydrolysed 
much more readily than ethyl acetate (ratio 
20:1) ; that methyl and ethyl monochloroace- 
tates are hydrolysed at much the same rates, 
ratio 101:1; that the ratio ethyl acetate: 
ethyl iuonochloroacetate--l*7 ; that ethyl di- 
chloroacetate : ethyl monochloroacetatc" l -H; 
and that ethyl benzoate is hydrolysed extremely 
slowly. 

Palomaa (J.C.S. 1914, 106 , i, 130) shows that 
with esters which contain an oxygen atom in the 
chain (whether as OH, OR, CO or O) the 
velocity of hydrolysis by mineral acids is 
reduced to a minimum when the oxygen atom 
is in the /9-j)OHition with resi>ect to tlie ester 
group. On the other hand, a cyano-groiqi 
always has a retarding cff'cct on the hydrolysis 
of an ester by dilute hydrochloric, acid, and the 
effect is more pronounced in the a- than in the 
^-position (Amer. J. Sci. 1914, (ivj, 87. 514). 
Drushel and Dean {ibid. 1912, |iv], 34 , 293) 
show that in the case of acetic acid the rate of 
hydrolysis is increased by the introduction ol 
the hydroxy- group, but retarded by an alkylox) - 
group. Th<^ introduction of hydroxy -groups 
into the butyric acid, on the other hand, had a 
retarding effect (Dean, ibid. 1914, [iv], 37, 331). 
For hydrolysis of halogenated esters, sec Drushel, 
ibid. 1912, [iv], 84 , 69; for hydroxy- and 
alkyloxy- derivatives of propionic acid, ibid. 
1913, (iv], 85 , 480. As the result of experiments 
on the hydrolysis of the ethyl esters of jiro- 
pionic, acrylic, w-biityric, crotonic, /9-phenyl- 
propionic and cinnamic acids wdth dilute hydro- 
chloric acid at 20', Williams and Siidliorough 
(J.C.S. 1912, 101 , 412) show that the rate of 
hydrolysis of the ethyl estei ol an a)3-un saturated 
compared witli the rate for the coiTCspoiiding 
.saturated acid is about 1:30. The difference is 
how'ever, not nearly so inark(‘d when an alkali 
(barium hydroxide) is used as hydrolysing agent. 

Salmi (Her. 1939, 72 [H), 1767) claims that 
mos(. of the structural effects noted in th(‘ 
latalytie esterification of saturated and un- 
saturated fatty acids arc also observed in the 
acid hydrolysis of th(‘ esters of these acids (r/. 
Esterification ) , 

The effect of olefin linkings in the alkyl 
group of an ester, as typified by the formates 

and acetates derived from allyl, A^-butonyl 

and A^-pentenyl alcohols, is only slight in the 
case of acid, but is somewhat more marked in 
alkali hydrolysis (Palomaa and Juvala, Ber. 
1928, 61 [B], 1770). 

Dawson and I.«ow8on (J.C.S. 1928, 2146, 3218), 
by the elimination of autocatalytic effects on the 
hydrolysis of ethyl acetate by dilute hydro- 
chloric acid and by determining the initial 
velocities, proved that, for concentrations of 
the hydrogen chloride between 0 0002 and 
0-2 mol. per litre the initial velocity is pro- 
portional to the concentration of the acid. They 
claim that at all stages the velocity is deter- 
mined by the hydrogen ion concentration of 
the solution. With concentrations of catalyst 
below 0-01 mol. the course of the hydrolysis is 
modified by the catalytic action due to the 
acetic acid produced. The relative importance 
of this autocatalytic effect increases as the con- 
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ccniration of the hydrogen chloride dijinnishefl, 
and it in not posHible in practice to determine the 
initial velocity of the reaction when the concen- 
tration falls below 0 0002 mol. per litre. By a 
careful study in silica vcsbcIh, as traces of alkali 
have a pronounced effect, it is shown that in 
moderately dilute solutions the reaction may be 
divided into two stages; in the first of these the 
velocity is deternumd liy the joint catalytic 
activities of the H ' and OH ions, and in the 
second by the ions only. It would appear 
that the sjieed ot the uncatalysed reaction and 
the catalytic activity of the water molecules are 
too small to have any ajipreciable mfliicnee on 
the course <d the reaction. Dilatometric study 
of the acid hydrolysis of ethyl orthoformate and 
acetal shows that hydrolysis other than by H + 
ions is iindt'tectahle, and hence such a reaction 
is siutahh; for dcteriiiination of hydrogen ion 
eonceid rations and for the investigation of the 
salt eft'ec t. In the I'ase of all other ortho-esters, 
and of Itetal, water molei ules and siihst aiices like 
?a- and p-nitrophenol, eaeodyln- and acetie aeids 
produce catal 3 die effects in addition to the H ^ 
ions. 

For a resume of evidence that catalytic eliWts 
are due to iindissoeiuted acid molecules as well 
as to H ' ions, mie Bronst(id and Wynne-Jones, 
IVttiiH. Faraday Soe. 1929, 25, 59. Working 
with a mixture of alcohol (42-114%) and water, 
Berger (Hee. trav. chiiii. 1924, 43, lO.'l) shows 
that the acceleration of tlic hydiolysis of esters 
with ions decreases with tlic strength of the 
acid from \>liich the esicr is derivt'd, and with 
methyl and ethyl esters of the same acid the 
difference in velocity is not. constant, but de- 
creases with the acidity of the ester. Olivier 
and Berger {ibid. 1927, 46, 909, 801) show' that 
hydrogen ion coiicontration is without effect on 
the hydrolysis of esters of strong acids or of 
compounds such us picryd acetate, and s- 
trinitrophenctolc. 

For etfcct of emulsifiers on hydrolysis, 
Smith, J.C.S. 1925, 127, 2002. 

Strong organic acids such as trichloroacetic 
and picric, the HSO 4 ' ion, and atjueems solu- 
tions of salts which give rise to liydrions act 
catalylically. tVinccntraled sulphuric acid ut 
15® rapidly hydrolyses ethyl plienylaeetate and 
alkyl saln-y latt’s but only slowly ethyl ])hthalate 
and ulkyl benzoates. At 80*^ the benzoates and 
phthalates are immediately hydrolysed and at 
the same time slow'ly sulphoiiated (IScnderens, 
Coiiipt. rend. 1904, 198, 1827). An ester which 
is not hydrolysed by heating with strong hy^dro- 
chloric acid or alkali, e.g. ethyl tctraethylsue- 
cinate, can be hy^drolyscd by heating to 2 (K)® 
with hydrogen chloride and a little aluminium 
chloride, the products being ethyl chloride, 
w^ater and the acid anhydridi* (Ott, Ber. 1937, 
70 [BJ, 2302). 

Practically all acid -catalysed reactions, in- 
cluding the inversion of sucrose and the hydro- 
lysis of esters, proceed more quickly in heavy 
water, DjO, than in water. This has been 
shown to be true of methyl acetate wuth sul- 
phuric acid (Homel, I^ature, 1935, 136, 909) 
and of ethyl formate and methyl acetate with 
hydrogen chloride (Butler and Nelson, J.C.S. 
1938, 957), and in all such cases the complex of 


I the ester and hydrion is in (equilibrium with the 
medium (Bonhoeffer and Reitz, Z. physikal. 
Chem. 1937, 179, 135; Wynne-Jones, Chem. 
Reviews, 1935, 17, 115). 

The mutarotation of of-glucose proceeds more 
slowly in D-O than in water. 

(3) Alkaline Hydrolysis. — The hydrolysis 
of an ester by means of an alkali hydroxide can 
be rejiresented by an equation of the type : 

RCOOEt + KOH -RCOOK f Eton 

The reaction is non -reversible, as the alkali salt 
cannot react directly with tlio alcohol, and as 
both ester and alkali are used up as the hydrolysis 
proceeds the reaction should be bimolecular. 
Hydrolysis by alkalis proceeds more rapidly than 
that by mineral acids (r/. Van Dijken, Rec. trav. 
chim. 1895, 14, lOG), and is the common method 
used in the laboratory. The ester is boiled for 
some time with an excess of sodium (or potas- i 
siiim) hydroxide solution in a reflux apparatus. 
If the ester is an oil only sparingly soluble in 
water, the completion of the reaction is denoted 
by the disappearant'c of the oily layer, unless 
the alcoliol lormed is also insoluble in water. 
If, liow'ever, the ester itself is soluble in water, 
the disapjiearanoe of its eharactenstic odour 
indicates complete hydrolysis. In order to 
separate the? acid and alcohol formed, the mix- 
ture is {a) boiled, w^hen the alcohol passes over 
together with water, jirovided the alcohol is a 
comparatively simple monohydric one ; or (b) ex- 
tracted w’ltli ether li the alcohol is complex and 
is not readily volatile. To obtain the acid the 
alkaline solute left after treatment (a) or {b) is 
acidified with hydrochloric acid, when the 
organic acid is directly precipitated if it is 
sparingly soluble in water, or can be extracted 
with ether if soluble in water. 

An alcoholic solution of potassium hydroxide 
is sometimes used for hydrolysing purposes, 
especially when the (‘ster is practically insoluble 
in water. In tin* case of esUus other than ethyl, 
alcoholysis occurs resulting in the formation of 
ethyl esters which are then hydrolysed, e.g. 
glycol diacetatc and alcoholic potash give ethyl 
acetate and glycol and finally ethyl alcohol, 
potassium acetate and glycol. Bryant and 
Smith (J. Amer. dhem Soc. 1930, 58, 1014) 
recommend heating the osier wutli excess of 
2A^-Hodium hydroxide in 90% nieth}^ alcohol 
at 00-100 ’ 111 closed vessels. 

The decomposition of esters by alkali 
hydroxide solutions is the basis for the usual 
methods for the manufacture of hard and soft 
soaps, and hence a common-name for the process 
is saponification. The common fats are 
glyceryl esters of monobasic acids of high mole- 
cular w^eight, more especially of palmitic, stearic 
and oleic acids, and on saponification yield the 
tnhydric alcohol glycerol and the sodium or 
potassium salts of the acids, e.g. 

C3H5(0 CO Ci7H36)8+3NaOH 

=-C3H6(0H)3+3C„H35 COONa 

Anderson and Brown (J. Physical Chem. 1916, 
20, 195) have studied the velocity of saponifica- 
tion of various fats in different media; they 
find that the velocity is practically independent 
of the molecular weight of the fat but varies 
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considerably with the solvent and of the three 
alcohols used, namely, methyl, ethyl and amyl, 
is greatest in amyl alcohol. 

The saponiti cation of fat occurs in stages and 
if insufficient alkali is used, the product is a 
mixture of unaltered fat with mono- and di- 
glycendes and free fatty arid (r/. Fortini, Choni.- 
Ztg. 1912, 36, 1117; Marcusson, Z. angew. 
(3iom. 1913, 26, 173). 

Keicher (Aiinalen, 1885, 228, 257) was one of 
the first to determine the velocity of saponifica- 
tion under varying conditions. The reaction is 
a typical biniolecular one and the velocity co- 
efficient can be calculated by means of the 
equation for a second order reaction : 


k 


1 b{a-x ) 

t{a h) ^^'’a(fc -j-) 


where a and b are the original coiiceiitratioriH, 
and a — r and b—x the concentrations at the 
time ^ The concentration of the alkali at any 
given time is determined by titration with 
standard acid and the. con<*entration of the ester 
calculated from that of the alkali, as w'ith an 
ester of the typo of ethyl acetate, the disapjK'ar- 
ance of each grani-niolecule of alkali entails the 
disappearance of a gram- molecule of e.ster (r/. 
Warder, Amer. (hem. .1. 1882, 3, 340 ; Ber. 1881, 
14. 1301). The velocity constant h can be cal- 
culated by means of the e<iuation 






where C, Q and Cgr denote icspectively the con- 
centration of the alkali just after mixing, the 
concentration after time t and the concentration 
after complete hydrolysis (24 48 hours) 

Beuher’s experiments were carried out at 
9 4*^, and show that the velocity is practically 
the same whether sodium, potassium or calcium 
hydroxide is used as saponifying agent. With 
strontium or barium hydroxide the velocity 
constants are somewhat siimller and with a 
feeble alkali, such as ammonium hydro.xide, the 
Arabic for k is much less, c.g. 

^'MttOH : 200:1. 

The addition f)f methyl alcohol, glycol, 
glycerol, dulcitol or mannitol in the alkalme 
hydrolysis of ethyl acetate reduces the rate and 
for di-, tri- and tetra-hydrie alcohols the 
relationship k—k^G~^ holds good, where L is 
the veiocity coefficient in a solution having a 
concentration of alcoholic hydroxyl groups 
equal to c, A'q is the velocity coefficient in the 
aqueous solution and G is a constant (Seli- 
vanova and Syrkin, (^onipt. rend. acad. sei. 
U.R.S.S. 1939, 23. 45). 

The results observed w'ith different esters 
show that the alkyl group R in the ester 

R'COOR 


influences the rate of hydrolysis to a greater 
extent than it does when mineral acids are 
used for hydrolysing ; thus the values for 
k using sodium hydroxide at 9-4° are : methyl 
acetate 349, ethyl acetate 2-31, propyl acetate 
1-92, laobutyl acetate 1'62, and isoamyl acetate 
104. The influence of the acyl group R'-CO 


is also marked, as showm by the following valu(‘H 
for k at 14-4”, using sodium hydroxide and eth\1 
eaters : acetate 3 - 2 , propionate 2 - 8 , butyrate 
1-7, iaobutyrate 1-73, i.wvalerate 0()2, and 
benzoate 0 83. 

Numerous investigations have shown that 
siibstitiients introduced into the acyl group of 
an acid, whether alijihatic or aromatic, have a 
marked effect on the alkaline hydrolysis of its 
esters. In many cases this is a retarding efl'ect, 
e.g. alkyl group.s, especially in the a-position in 
an aliphatic or in the o-position in a benzoic ester, 
generally retard hydrolysis (Hjelt, Ber, 1896, 
29,1864; Gyr, 1908,41,4308; Kelliis, Z. 
physikal. (3iem. 1897, 24, 243). On the other 
hand certain substituents, e.g. chlorine in acetic 
acid (iSudborough and Feilman, l*roc. (’’hem. 
Soc. 1897, 13, 243), rt-hydrovvl- in aliphatic acids 
(Findlay and Turner. ,7.(.\S. 1905, 87, 747; 
Findlay and Hickmans, ibid. 1909, 95, 1004), 
0 - halogen or iiitro- in licnzoic acid (Kcllas, 
/.r. ; B^clkcv^ McComhie and Scarhoroiigh, 
ibid. 1926. 2863) increase the rat(‘ of alkaline 
hydrolysis. A com])ai’iHon of the alkaline 
hydrfJysis in 85% ah‘(4iol of tlic series of esters, 
R COgEt, where R increases from CH 3 to 
9 i-C 7 H^ 5 , shows that the velocity coefficient 
dccreaHCH from CH^ to 11 -C 3 H 7 and then remains 
almost constant. WJion R consists of a branch- 
ing chain the constant falls and when R -CMe, 
or CHEt .2 the hydrolysis is remarkably slow. 
The j’hange in vt loeity eorieMiiorids witli a change 
in E ill the Arrhenius equation with the excep- 
tion of e.sters wIktc the alkyl group branches at 
the a-earhon atom. As a rnl«* E varies with the 
inductive ettbet of R. 

For \ he ortho effect in the hydrolysis of aromatic 
esters, .vec KindJer (Aimalen, 1928, 464, 278). 

The generalisation drawn by V. Meyer (Ber. 
1895, 28, 1263; r/. Wegseheider, rbid. 1895, 28, 
2356), viz. that there is a simple relationship 
between the rate of hydrolysis of an ester by 
alkalis and its rate of formation by the catalytic 
method of esterifi cation, does not hold. In a 
given senes of esters the affinity constants of the 
neids from wdiich the esters are derived and 
the saponification eonstants of the esters follow 
the same order, but there is no direct proportion- 
ality between the two sets ofnumbers. 

OlsHori (Z. |i]iysikal. (-hem. 1928, 133, 233) 
concludes that the velocity eocffieierit is mainly 
influenced by the strength of the acid com- 
ponent of the ester, but in certain cases steric 
influences affect the velocity in the opposite 
direction. It may be that the two influences 
arc manifestations of one fundamental property, 
viz. the force of dissociation of the separate 
eoraponents (r/. Williams, Gabriel and Andrews, 
J. Amer. Chem. Soc. 1928, 50, 1267). Smith 
and Olsson (Z. physikal. Ghem. 1925, 118, 99) 
point out that w^hen the alkyl acetates are 
arranged in the order of decreasing rates of 
hydrolysis by sodium hydroxide the series is 
identical with the corresponding serios for the 
rates of ester formation from the alcohols and 
acetic anhydride, and Olsson {ibid. 1927, 
125, 243), from a study of the rates of hydrolysis 
of numerous acetates by the same alkali, finds 
that branching in the alkyl radical, in contra- 
distinction to simple lengthening of the carbon 
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chain, has a marked retarding effect on the rate. 
This ooncluHion is confirmed by Hortzschmidt, 
Vorob’ev and Potanov (J. Gen, Chem. U.S.S.R. 
1936, 6, 757), who find that for a given acyl 
group the ratio -0-57, and 

^liulf^Pr "" 0-03, but for a given alkyloxy-groiip 
and different aeyJ groups the relationships 
are not so simple. 3'he saponification of the 
ethyl esters of the saturated aliphatic acids has 
been studa^d by Kvans, Gordon and Watson 
(.l.(^S. 103H, 1430) to determine the effects of 
increasing R' from Me to w-butyl on P and E 
in the Arrhenius equation. 

Th(i alkaline hydrolysis of acetylated hydroxy- 
acids, e.f/. aeetylmandelie and acetylsahcylic 
acid, is bimoleeular and free from side reactions, 
and a comparison of a- and /9-acetoxyphenyl- 
propjonic acids shows that the ion of the j9- 
( ompounds is hydrolysed more than twice as 
rapidly as the a-ion (Tia Mer and Greenspan, 
J. Amcr. (3iem. Soc. 1934, 56, 1492). Also with 
iinsatiirated and phenyl substituted esters there 
is iH) j)arallelism between the rates ol ester 
formntion and the rates of saponification. The 
addition ol an organic solvent to a mixture of 
methyl acetate, sodium hydroxide solution and 
al(‘obol tends to decrease the rate of hydrolysis 
(('audn, Hcc. trav. c,him. 1929, 48, 422). 

KindliT (Annalen, 1926, 450, 1 ; 1927, 452, 
90) has examiiu'd the rate, of hydrolysis of ethyl 
benzoate by a solution of sodium in 87-83% 
atpieous alcohol, and also of the esters with 
Cl, Br, I, NOg, CHg and NHj substituents, 
and finds that tlu' rate irn reases in the order 
p-NOg, m-NOgi p-l. rw-Br, p-Br, //i-CI, 
P‘CI, m-MeO, p-Ph, p-MeS, m-Me, p-Me, 
p-Et, p-MeO, m-N Hg, p-N or, generally, the 
reactivity decreaseH with the negativity of the 
group X in the complex XCgH^-COgEt. When 
similar esters are examined, but with CHg-, 
•CHa CHg- or ■CH:CH-, interjiosed between 
the nucleus and the carbethoxy group the sub- 
stituents have similar effects and lollow tin*, 
same order, but the effei't is moat marked in 
the benzoic series, and least in tbe aubstituted 
jihenylacetates. 

The same author (Ber. 1936, 69 [BJ, 2792) 
attempts to correlate the rate of hydroly.siH of 
an e.ster, RC02Et, with the firmness of the 
union between the R and carbethoxy-group, 

Olivier and Weber (Hec. trav. chiin. 1934, 53, 
899), by a comparison of the ratio A'oh/^h. 
the ratio of the velocity coefficients for the 
alkaline and acid hydrolysis of an eater, show 
that with different eaters from the same alcohol 
the ratio increases with the. strength of the acid 
from winch the ester is derived. 

Ingold (J.C.S. 1930, 1032) claims that the 
ratio A'oii/i'n is free from all steric factors and 
rejiresents only polar effects, and in a series of 
communications (Ingold and eo -workers, ibid, 
1930, 1039, 1376; 1931, 2035, 2043, 2170) 

the values for this ratio for different series of 
esters are given, calculated by a method based 
on Dawson’s equation {ibid, 1926, 2872, 3166; 
1927, 213, 1148. 1290) 

2pH‘-log Kw"^log k'oRlkn ^ 

^ When*. Ph* Is the Pn at wliioh the velocity 1b at a 
mliiiiiiuin and Kw is the ionic product of water. 


and thus involving the determination of the 
hydrolytic stability maxima of carboxylic esters. 
The ratio varies from 2 for ethyl acetate to 32 
for ethyl chloroacetate, 160 for ethyl aceto- 
acetate and 12,000 for ethyl aminoacetate. 

The results for the two groups of esters : 

XCHj CO O CHj-CHjY 
and XCOOCHjY, 

where X and Y represent substituents, show 
that the ratio increases regularly with the elec- 
tron-attracting nature of X, c.g. from H through 
Cl, CHj-CO to NH3+, but decreases with 
the electron -donating value of X, and similar 
generalisations hold good for the substituent Y. 

Three general conclusions are drawn : (1) that 
two methyl groups in the same position relatively 
to -COO- in R-COOR' displace pn* by roughly 
equal amounts ; (2) that the displacement of pH* ' 
by the introduction of a methyl or gem dimethyl 
group decreases approximately geometrically as 
successive carbon atoms are included normally 
between the group and the -COO- nucleus; 
(3) that the displacement of the minimum 
caused by any group in R' bears a nearly 
constant ratio to the displacement produced by 
the same group in R. It is further concluded 
that the same quantitative measure of polarity 
may be derived from other chemical reactions. 

Conclusions on the relationship between polar 
effect and energies of activation (E) in processes 
of hydrolysis have been drawn by several investi- 
gators. Ingold and Nathan {ibid, 1936, 222) 
have examined the alkaline hydrolysis of p- 
substituted benzoic esters from the point of 
view' of the Arrhenius equation k- in 

85% aqueous alcohol at 25^" and 50"; B is the 
reaction constant which depends primarily 
upon the. frequency of collision of the reacting 
molecules (Moelwyii-Hughcs, “ Physical Che- 
mistry,” 1940, p. 632); k varies with the 
substituent in the following order : 

NHa<OMe<Me<H<CI<l<Br<N02 

over a 5,000 fold range and the activation energy 
decreases in the order : 

NH2>0Me>Me>H>Hal>N02 

and the linear relationship between E and logA 
corresponds with a con.stant value of B in the 
equation. Timms and Ifinsholwood {ibid, 1938, 
862), from a study of both acid and alkaline 
hydrolysis in aqueous acetone and aqueous 
alcohol, show that the reaction is facilitated by 
recession of electrons from the seat of the 
reaction. The value of hi is high in acid hydro- 
lysis and the effects of substituents are smaller ; 
also B increases with E in contrast with the con- 
stant value in alkaline hydrolysis. The effect of 
the solvent is apparently the opposite in the two 
cases. The effects of the transmission of sub- 
stituent influences have been studied by 
Newffing and Hinshelwood {ibid. 1936, 1357) and 
Tommila and Hinshelwood {ibid. 1938, 1801). 
The esters examined belonged to the series : 

XCeH^-COaEt, XCeH^COaMe, 

CHgCOaCHaCeH^X 

and CHg-COaCeH^X 
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where X is in the m- or p-position. In all cases j 
of alkaline hydrolysis B remains constant and 
changes due to the substituent are measured in ! 
change in E. In acid hydrolysis the change is 
similar but less regular. In the former case the 
value JE ^ gives a qualitative measurement of 
the intiuence of the diflferent substituents for a 
given scries, and the values arc fairl 3 " constant 
for all the series. The changes m E are a 
measure of the transmission of the electronic 
effect of a given substituent through the given 
structures. 

The same set of Hiibstituents does not produce 
equal effects in different reactions, but if JEj is 
the change caused bj" any given subslitnent in 
one reaction and JEg that caused by the same 
substituent iii a second reaction then oJEg 

where a is practically constant for all the sub- 
stituents. The transmission coefficient for the 
influence of the substituent to the reaction centre 
is greatest in the case of the alkaline hydrolysis 
of benzoic esters and decreases in the oi^er 
phenyl acetates (alkaline) (0-71), benzyl acetates 
(alkaline) (0-3fi), benzoic esters (acid) (0-2), 
phenyl acetates (acid) and benzyl acetates (acid). 
The numbers in brackets give the relative values. 

Tngold and hia co-workers (ibid. 1931, 2035) 
from the values of at different temperatures 
have calculated the values of A and B in the 
equation 

Ios.o^h-A-B/T. 

Although the values of k do not fall regularly 
but exhibit a maximum with the propion^d 
radical, neither A nor B exhibits this anomaly; 
both A and B fall as the length of the acyl groii]> 
increases from acetyl to peiitoyl. A is primarily 
a steric function and B a polar function 

The activation energies and velocities of acid 
and alkaline hydrolysis of trilaurin, tripalmitin, 
tristeariii, aa-dipalniitm and a-monopalmitin 
in the expanded state in monolayers approxi- 
mate to those in homogeneous solution and on 
compression to the condensed state the values 
of E rise although those of k change only slowly^ 
(Alexander and Rideal, Proc. Hoy. Soc. 1937, 
A, 163, 70). 

The activation energies for alkaline saponifi- 
cation of substituted aromatic esters can be 
correlated with the dijiole moments (p) of the 
substituent groups according to the equation 
E^En+ff/a+ftp'', where a and ft are constants 
(Nathan and Watson, J.C.S. 1933, 1249). 

(4) Finely Divided Metals, Metallic 
Oxides and Salts as Catalysts. — Esters can 
also be hydrolysed by water with finely divided 
metals as catalysts, e.g. Neilson (Amer. J. 
Physiol. 1903, 10, 191) has shown that platinum 
black accelerates the hydrolysis of ethyl butjr- 
rate. The reaction is, however, very slow, and 
increases with the amount of platinum present. 
The maximum effect is obtained at 60*^, and the 
activity of the catalyst is readily destroyed by 
various “ poisons.” The reaction is reversible as 
platinum black can also accelerate the esterifi- 
cation of butyric acid in etbyl alcoholic solution. 
jSabatier and Maihle (Compt. rend. 1911, 152, 

^ jE^En-Ex» where Eh Is the energy of activation 
of the unsubstitnted acid and Ex that of the sub- 
stituted acid. 


494) have shown that titanium dioxide is a good 
cataly'st for the conversion of acids and alcohols 
into esters. The method adopted is to allow 
a mixture of molecular quantities of the vapours 
of the two compounds to pass over a column of 
the dioxide kept at 280-300°. The yield of 
ester is much the same as in Bertbelot and 
Mciisch Utkin's experiments, but the process is 
extremely rapid. The reaction is reversible, and 
using equivalent quantities of acid and alcohol 
an approximately 70% yield of eater was 
obtained in most cases examined. A similar 
method may also lx* used for hydrolysis of 
esters. It consist, s in allowing a mixture of the 
vapour of the ester with an excess of steam to 
pass over the titanium dioxide at 280°-300°. 

Similar results can be obtained wuth thorium 
oxide as catalyst provided aromatic acids of the 
type of benzoic are used {ibid. 1911, 152, 368). 

Certain neutral metallic salts also act cata- 
lytically on the hy^drolysis of esters by water 
(Kellog, J. Amer. CUicm. Soc. 1909, 31, 403, 880). 
The salts w4iich have been investigated are 
potassium (hloride, bromide and iodide. The 
catalytic effects are comparatively small when 
compared with those of strong acids ; the chloride 
has the greatest effect and the iodide the least, 
and w'hcn the concentration of the salt reaches 
a certain A alue the catalj’^tic effect is negative. 

Holmes and H. C. Jones (J. Amer, Chem. 
Soc. 1910, 38, 105), working with aqueous solu- 
tion of methyl acetate and methyl formate, show 
that salts with water of crystallisation have a 
greater effect in increasing the velocity of 
hydroly.sis than anhydrous crystalline salts. 
Certain salts such as LijSO^, Nal, SrBr 2 , 
LiBr and Kl produce retarding effects. On 
dilution the effect with salts having water of 
crystallisation decreases more rapidly than with 
crystalline anhydrous salts, and this shows that 
the decomposition of the esters cannot be due 
to the hydrolysis of the salts alone. 

(5) Esters of Dibasic Acids. — J. Meyer (Z. 
physikal. Chem. 1909, 66, 81 ; 67, 257) by the 
study of the hydrolysis of esters of dibasic 
acids (tartaric, succinic and camphoric) with 
hydrochloric acid as catalyst, has proved 
that the reaction proceeds in two distinct 
stages: (a) normal ester-f w'ator -► acid ester 
-I- alcohol ; (ft) acid esterq water -v acid-|- alcohol. 
With the ethyl esters of symmetrical dibasic 
acids, e.g. tartaric and succinic, the whole 
reaction appears to l>e uiiimolecular as the 
velocity constant for the first stage is almost 
exactly double that for the second stage, and 
the whole is pseudo-unimolecular. This simple 
relationship does not hold good for oxalic acid 
or unsaturated acids, e.g. maleic. 

In the case of ethyl camphorate, the ester of 
an unsymmetrical acid, the two stages proceed 
at very different rates ; the normal ester, 

CH.CMeCCOjjEt). 

1 

dH,-CH(CO,Et)/ 

ie rapidly hydrolysed to the /9-acid ester, 

CH,CMe(CO,EtK 
I ;CMe, 

CH,-CH(CO,H) / 
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but this latter is fairJy stable, and the method is 
a convenient one for the preparation of the acid 
ester. For different esters of the same acid the | 
influence of the alcoholic group on the rate of I 
hydrolysis is scarcely noticeable, whereas the | 
(‘onstitiition of the acyl grouj) has a marked 
effect ! 

Kx penmen ts carried out with the same esters 
using alkali hydroxide as hydrolysing agent 
show that here also the reaction proceeds | 
in two distinct stages, but tlie relationship 
between the velocity constants of the two is 
not so Himjile as when hydrochloric acid is used. 

The two stages are ■ 

(1) R(C02Et)a+Na0H 

-vR(C02Na)C02EtfEt0H 

and 

(2) R(C02Na)C02Et+Na0H 

-> R(C02Na)2+Et0H 

and their respective velocity coeflficients arc 
denoted by and k^. Ritchie (J.C.kS. 1931, 3112) 
has developed an accurate method for determin- 
ing A'j ; and can be readily determined by em- 
ploying the sodium salt of the monoethyl ester, 
and using the usual biinolocular formula for cal- 
culation, wdiercas Nielsen (J. Amfr. Chem. ISoc. 
193(i, 58, 200) has used a conductivity method. 
Addition of ethyl alcohol diminishes very con- 
siderably the rate of the reaction in aqueous 
solution. The ratio decreases in all cases as the 
proportion of alcohol in the mixture is increased. 

With ethyl oxalate the ratio k^jk^ is 10*, 
with ethyl maloriate 100, ethyl succinate 10 
and ethyl sebacato 2-8 (Ingold, J.C.S. 1930, 
1375 ; 1931, 2170), and the whole process cannot 
lie represented as a simple bimolcciilar reaction. 
The values have been used for calculating r, the 
distance in cm. between the carboxylic groups 
and r x 10® varies from 2-9 for oxalic to 12-38 for 
azelaic. With the esters derived from sym- 
metrical dihydric alcohols, e,g. glycol diace- 
tate, C 2 H 4 (OAc) 2 , although the hydrolysis 
proceeds in two distinct stages the velocity 
constants of the two stages bear a simple 
relationship to one another, e.g. 2:1, and hence 
the whole appears to bo a bimolecular reaction. 
The same holds good for the hydrolysis of 
glyceryl triacetate, when? the three distinct 
stages proceed at the relative rates 3:2:2. 

Measurements of the velocity of hydro- 
lysis by potassium hydroxide in mixtures of 
* alcohol and water show that the velocity co- 
efficient is not a continuous function of the 
composition of the solvent. At 15° the dis- 
continuities in the plotted curves correspond 
closely with simple molar ratios of alcohol and 
water, and at higher temperatures the number 
of such discontinuities is small. Similar results 
are not met with in other reactions studied 
in alcohol-water mixtures (McCombie, Scar- 
borough and Settle, ibid. 1921, 119, 970 ; 
1922, 121, 243, 2308). The values of k^ and 
and also the ratio k^jk^ diminish as the per- 
centage of alcohol increases (Ritchie, ibid, 1931, 
3112). 

(6) Esters of Sulphonic Acids. — Esters of 
sulphonio acids are also hydrolysed by water, 
mineral acids or alkalis, and since most of the 


sulphonic acids are very str acids, their esters 
are hydrolysed quite readily by water alone. 
The esters are also converted into the correspond- 
ing acids when heated with alcohol (Krafft and 
Roos, Ber. 1893, 26, 2823; Kastle and Murrill, 
Amer. Chem. J. 1896, 17, 290), a reaction in 
which an alkyl ether is also formed 

R SOj OEt+EtOH = R SO 2 OH+ EtjO. 

This decomposition proceeds slowly at the 
ordinary temperature, and is brought about 
more readily by methyl than by ethyl alcohol. 

Ivastle, Murrill and Frazer {ibid. 1897, 19, 
894) have shown that O-lAT-solutions of sul- 
phuric and acetic acids have no effect on 
the hydrolysis of esters of sulphonic acids by 
water. Hydrochloric and hydrobromic acids, 
on the other hand, have an apparent retarding 
effect, but this is due to the fact that the halogen 
hydracids can react with the ester according to 
the equation : 

R SO 2 OEt+ HCI R SO 2 OH+ EtCI 

a reaction which docs not affect the total acidity 
of the solution. A more detailed investigation 
has proved that this second reaction proceeds 
more rapidly and to a greater extent than the 
hydrolysis of the ester by water. The hydrolysis 
of a sulphonic ester by means of a largo excess 
of water or alcohol in acetone solution gives 
concordant values for k when the equation for 
a unimoleciilar reaction is used. Alkalis are 
much more efficient hydrolysing agents than 
water for sulphonic esters ; this may be due to 
the alkali acting independently of the water or 
to the alkali catalytically affecting the hydrolysis 
by water. The constants at 25° for methyl 
benzenesulphonato, using water and A^-potas- 
sium hydroxide solution are in the ratio 1:90 
(Wegseheider and Ji'iircht, Moriatsh. 1902, 23, 
1903). When the neutral ester of a mixed 
carboxylic sulphonic acid is hydrol 3 ^ 8 ed, e.g. 
EtO SOg CgH^-COgEt, the S 02 -OEt group 
IS hydrolysed much more readily than the 
C 02 Et group, and an acid ester of the typo 
H 0 -S 02 C 8 H 4 -C 02 Et is formed. 

(7) Imino-ethers can be hydrolysed m two 
different ways : 

,N H -I H20-> RC<f ^ + N H 3 

(1) RCf ^OR' 

^OR' 

NH 

(2) RC -.RC:|^ R'OH 

OR' 

The former reaction is greatly accelerated by 
acids and the latter by alkalis. According to 
Stieglitz (Amer. Chern. J. 1908, 39, 29, 166) the 
former reaction consists in the hydrolysis of tho 
complex cation (RC(:N H )OR',H'* ), and the 
latter in tho decomposition of tho anion 

RC(:N )OR'. 

The effect of alkalis is much more pronounced 
than that of acids. When water alone is used it 
is the non-ionised ether which is decomposed. 

B. Hydrolysis of Other Aoy^l Deriva- 
tives. — The chlorides, amides, anilides and 
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anhydrides of organic acids can be hydrolysed 
in much the same manner as esters, e.g. 

RCO CI+H OH-RCO OH+HCI 
RCO NHPh+KOH = RCO OK+NHaPh 

Amides. — As a rule the derivatives of ali- 
phatic acids are hydrolysed more readily than 
those derived from aromatic acids, c.g. acetamide 
more readily than bcrizamide. The hydrolysis is 
usually eflFected by boiling with alkali hydroxide, 
but the presence of oHAo-substituents in deriva- 
tives of benzoic acid retards hydrolysis to an 
appreciable extent (V. Meyer, Her. 1894, 27, 
2153; Sudborough, J.C.S. 1894, 65, 1030, 
1895, 67, 687; 1897, 71, 229; Heed, Amer. 
Cheni. J. 1899, 21, 281). When two such 
substituents are present tlie amide cannot be 
hydrolysed by boiling with potassium hydroxide 
solution, but the hydrolj^sis may be accomplished 
by heating with concentrated hydroidiloric or 
hydrobrornic acid under pressure in sealed tubes. 
One of the most convenient mctliods for con- 
verting a dior//m-substitutcd benzonitriie into 
the corresponfbng acid is to hydrolyse to the 
amide RCN + HgO- RCON by heating 
at 120-130" with 90% sulphuric acid, and when 
cold to replace the ammo group by hydnixvl 
by the addition of sodium nitrite solution 
(iionveault, Hull. ISoc. cliiin. 1892, liii| 9, 308; 
Sudborough, ,I.(\S. 1895, 67, ()02). 

An a/3-o](’lin linking in the acyl group has a. 
retarding cfl’ect on llic hydrolysis of an acid 
amide with sulphuric acid or alkali (Yathiraja 
and Sudborough, J. Indian Inst. Sci. 1925, 55). 

The hydrolysis of acetamide by hydrochloric 
acid has been studied by Acree and Nirdlinger 
(Amer. Ghcrn. .1. 1907, 38, 489). The amount of 
hydrolysiH after given intervals of time was 
determined by introducing kriovi'ii volumes of 
the reaction mixture into a Lunge nitrometer 
containing sodium hypobromite solution and 
measuring the nitrogen evolvi'd. Their results 
show that all 05" the reaction is pracitieally 
imimolccular when dilute solutions arc used, but 
that the values for k tend to increase with the 
time, probably owing to a slight catalytic effect 
of the ammonium chloride formed on hydrolysis. 

The mechanism of the reaction is probably 
analogous to that of the acid hydrolysis of 
esters, the first stage being the formation of a 
cation RCO NH 2 H+ from the amide and 
hydrion and the second stage the reaction of this 
cation wdth water yielding the organic acid and 
the amraoniuin ion. 

Croker and Lowe (J.C.S. 1907, 91, 693, 952) 
have studied the hydrolysis of the amides of the 
simple abphatic acids with hydrochloric acid, 
and also with sodium hydroxide solution, using 
the electrical conductiv ity method in order to 
determine the amount of amide hydrolysed. 
The order of the amides when hydrochloric acid 
IS used is formamide, propionamidc, acetamide, 
fflobutyramide, capronamide, butyramide and 
valeramide; but with sodium hydroxide the 
order is formamide, acetamide, propionamide, 
capronamide, butyramide, iaobutyramide and 
valeramide ; in both cases formamide is the amide 
most readily* hydrolysed, and in every case the 
hydrolysis w'ith alkali proceeds more rapidly 


than that with hydrochloric acid under similar 
'.onditions. 

Most compounds of the type of alkylated 
acid amides, t.g. compounds containing the 
grouping R'CONHR, can be hydrolysed. 
Thus hippuric acid (benzoylglycine), 

CeHg CONHCHa-COgH, 

is hydrolysed to benzoic acid and glycine hydro- 
chloride when boiled with coneentrated hydro- 
•hloric acid. Hor alkaline hydrolysis of corn- 
lounds of the typo CCl 2 (CON HR ) 2 , where 
R-CeH„ CeH.Me, C,H,CI, 

CHjPh, .sec Naik, Tnvetli and Mehta, J. Indian 
Ghem. Soc. 1938, 15, 42(5. 

Nitriles. — The hydrolysis of an aliphatic « 
nitrile by either acids or alkalis occurs in two 
liHtirict. stages, the intermediate lU'oduct being 
the acid amide. The first rcuciion takes place 
much more slowly than the second, and is the 
one actually nvaHiired when hydrochloric acid 
is used as catalyst (Kilpi, Z. physikal. Ghem. 
1914, 86, ()4I ; for alkaline hydrolysis r/. ihid. 
p. 740). 

E. Fischer (Her. 1898, 31, 3200) has pointed 
•lit that uric acid and similar cyclic nitrogen 
derivatives are less ri'aflilj' hydrolysed by 
dilute alkalis than their alkylated derivatives, 
e.g. l:3:9-trimethyluric aeirl. »SimilarIy the 
amide and methyl ester of the methyl ether of 
salieylie acid are more readily hydrolysed than 
the corrcisponding derivative's of salicylic acid 
itself, and in all such eases the (‘om pounds most 
resistant to the hydrolysing agent arc thosei 
whieh ean form metalhe salts with the alkalis. 

The hydrolysis is analogous to the alkaline 
hydrolysis of esters, the complex anion 

R-efoH 

being the first product and the second stage the 
decomposition of this into ammonia and the 
anion of the organic acid. When the amide 
contains a replaccabhi hydrogen atom, salt 
formation of a different type occurs, and the 
characteristic complex anion is not formed. 

Lactones and Anhydrides of Dibasic 
Acids. — In the hydrolysis of both types of 
compounds water is added but no fission 
occurs ; the first group gives the hydroxy -acids* 
and the second the dibasic acids. 

The relative rates of hydrolysis of lactones 
have been used by TTaworlh and Nicholson 
(J (\S. 192(), 1899) to deternuiie whether a 
la<toTie derived from the sugar acids is a 
y- or a 8-lartone, as the former is hydrated much 
more slowly than the latter. 

For the ketonio and acid hydrolyses of substi- 
tuted ethyl acetoacetates and their utilisation 
in the preparation of substituted acetones and 
acetic acids, see Acetoacetio Acih, and for 
hydrolysis of aromatic sulphonic acids by 
mineral acids, where o- or p-methyl groups 
facilitate and o- or p-amino groups retard 
hydrolysis, see Crafts, Bull. Soc. chim. 1907, 
[iv], 1. 917. 
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IV. HYDEOLysis OF Glycosides, Di- and 

I'OLY -SaCCHARI DKS . 

As a rule coin pounds of tlio ether type, i.e. 
conijtounds containing two alkyl or substituted 
alkyl groups attached to oxygen, are not 
readily hydrolysed when boiled with alkali or 
acid solutions. 

All the earbr)hydrat(^s of the di- or poly- 
saccharide type take up water when warmed 
with dilute mineral acid and are resolved into 
inonosaccharides. I’he Ixsst known examples 
arc : 

Sucrose (cane sugarj-f water 

glucose (dcxt^ 0 Hc)^ fructose (la'vulose) 
Malt sugsr I watcT glucoHiy 
Lactose (milk sugar) 1 water- glucose j galactose. 

All these reactions can lx* represented by the 
equation : 

CiaHggOn-l- HgO- 

Starch is also hydrolysed by dilute mineral 
acids yielding as final product glucose : 

(^0^10^6 HgO "--wCgHj2O0 

'Phe h 3 'drolysiH of cane sugar (sucrose) by 
means of dilute mineral acid has been examined 
in detail; it is usually referred to as the inver- 
sion ot sucrose, as the optical rotatory power 
(diaiiges from -f to — during the reaction. The 
investigations ofWilhclmy (Pogg. Ann. 1850, 
81, 413, 499) jiroved that in dilute Nolution the 
amount of sugar inverted is }iroportional to the 
amount present, or, in other words, the reaction 
is unimolecular. The method of determining 
the concentration of the sucrose at any given 
time is based on iiolarimetric readings. If the 
original rotation of the sucrose solution be 
-f a;'\ and alter coinjilete inversion be —if', then 
the total change is If after an interval 

of time t the rotatory power of the solution is 
then the fraction of sucrose which has 

undergone inversion is velocity 

constant can be determined by substituting the 
values for i, ( 'g, and in the equation 

K^- 1/nog, (c,iCt) 

where represents the concentration of the 
sucrose at the lioginning, and can be expressed 
hy x+y, CV represents the concentration at 
time L and is equal to x—z. The velocity of 
inversion is directly proportional to the con- 
centration of the hydrochloric acid, and increases 
with rise in temperature (J. Meyer, Z. jihysikal. 
Chem. 1908, 62, 59 ; Hudson, J. Amer. Chem. 
Soc. 1908, 30, 1105; Rosanoff, Clark and 
Sibley, ibid, 1911, 88, 1911). 

The dilatometric method has been used for 
determining the rate of hydrolysis of sucrose 
with dilute hydrochloric acid and the results 
follow the unimolecular formula (Hitchcock 
and Dougan, J. Physical Chem. 1935, 39, 1177) 
and the velocity coefficients agree with those 
determined polarimetrically. The total con- 
traction per gram-molecule at infiDite dilution is 
6-92 c.c, at 25° when the jiroducts are in 
niutarotation equilibrium. 

The hydrolysis of other disaecharides, and 


of glycosides by dilute mineral acids also 
follows Wilhelmy’a Law, but the relative rates 
are veiy different ; the following values have 
been obtained for i\^-8ulphuric acid at 20° : 
lactose 1, maltose 1-27, sucrose 1240 ; also 
a-methylglucoside 100, and /3-methylglucoside 
179. The hydrolysis of carbohydrates by means 
of dilute mineral acids is the basis of certain 
commercial methods for the manufacture of 
glucose. Large quantities of this carbohydrate 
are manufactured by boihng starch {e.g. potato or 
maize starch) with dilute sulphuric acid, 
removing the acid by precipitating as calcium 
sulphate and evaporating the clear solution 
und€*r reduced pressure. Hydrochloric acid is 
used in U.S.A. and wood cellulose is hydrolysed 
by concentrated hydrochloric acid in Germany, 
and the resulting glucose fermented for the 
production of power alcohol. | 

All glycosidea, including the simple synthetic ; 
alkylglucosidcs and all the more complex \ 
natural glycosides {v. Glycosides), are readily \ 
hydrolysed by dilute acids or alkalis. In these ' 
compounds the alkyloxy- or more complex \ 
radical is attached to the first carbon atom of \ 
the aldose molecule, i.e. the carbon atom of the 
group with aldchydic functions in aqueous 
solution. 3’he primary product is the corre- 
sponding a- or )8-foriu of the aldose, but as these 
rapidly undergo niutarotation in the presenee 
of arid or alkali the final product is a solution of 
the a- and jS-foniis in equilibrium. Other 
methyl derivatives, e.y. those with OMe in 
positions 2, 3, 4 or fi of a jiyranose, arc not 
readil,y hydrolysed and behave as ordinary 
ethers. 

Ultra-violet light can bring about the 
hydrolysis of glycosides, also of certain esters 
and amides, but not of polypeptides or proteins 
(Guillaume and Tanret, Compt. rend. 1935, 

201, 1057). 

From determinations of the velocity eoeffi- 
eients for hydrolysis of certain fructo-furano- 
sidcs and -pyranosides at 20-00° Heidt and 
PurvcB (d. Amer. Chem. Soc. 1938, 60, 1200) 
prove that the generalisation log fc=^log a—bjT 
holds good, and that log a, b and E (activation 
energy) iiicreaBc when methyl replaces benzyl, 
wdien an a- replaces a /S-isoineride and when a 
pyranoside replaces a furanoside. 

Neutral Salt Action . — The investigations of 
Oatwald (J. pr. Chem. 1883, [ii], 28, 400), Spohr 
{ibid. 1880, fii], 83, 265), and Arrhenius (Z. 
physikal. Chem. 1889, 4 , 234; 1899, 31 , 207) 
prove that the addition of a, substance which is 
largely ionised in aqueous solution accelerates 
the hydrolysis of esters or of carbohydrates by 
aqueous solutions of strong acids. This has 
been proved by the addition of metallic chlorides 
to mixtures in which hydrogen chloride is the 
catalyst, the addition of bromides to hydrogen 
bromide, and of nitrates to nitric acid. The 
majority of chlorides have much the sam * 
effect if readily ionised, whereas a salt such as 
mercuric chloride, which is only partly ionised, 
has a much feebler action. 

Caldwell (Proc. Roy. Soc. 1906, A, 78 , 272), 
working with weight-normal solutions, shows 
that the presence of metallic chlorides increases 
the catalytic activity of hydrogen chloride in 
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the inversion of cane sugar, and that calcium 
chloride has the most pronounced effect. 
Similar effects on the activity of nitric acid are 
produced by nitrates (Whymper, ibid. 1907, A, 
79, 576). Salts also tend to increase the activity 
of hydrogen chloride when uschI as a catalyst 
in the hydrolysis of methyl acetate (Armstrong 
and Watson, ibid. 1907, A, 79, 579), but their 
effect is not so marked as in the case of the 
inversion of sucrose (c/. Armstrong, ibid. 11K)8, 
A, 81, 90 ; Armstrong and Crothers, ibid. p. 102). 
Senter (J.C.S. 1907, 91, 462) states that in 
equivalent solutions of different salts the effect 
IS practically independent of the nature of the 
salt {rf. Jones, Z. physikal. Chem. 1906, 55, 
355, 429). Change of temperature has but 
little effect on neutral salt action, and it is 
coneluded that probably the earlier suggestion 
of Arrhenius is correct, namely, that the ions 
of the neutral salt have some action rm the 
hydrions or hydroxyl ions of the catalyst. 

Heed (Amcr. Chem. .1. 1899, 21, 342) states 
that neutral salts retard the hydrolysis of acid 
amides by alkalis ; and Arrhenius (Z. physikal. 
(^heni. 1887, 1, 110) and Spohr (ibid. 1888, 2, 
1194) claim that the same effect is produced by 
salts on the rate of hydrolysis of esters by alkalis. 
For the action of neutral salts on hydrolysis of 
ehloroaeetie acid, rf. Section TUB, p. 385r/. 

V. lIVIUtOLYSTS BY KN7.YMES. 

Many of the hydrolytic processes indiici'd by 
aipieouB solutions of acids or alkalis can also 
be brought about by the complex organic 
substances found in animal and jilant tissues 
known us enzymes. For chemical nature of 
enzymes, purification, factors influencing enzyme 
action and kinetics of enzyme action, ffec 
Enzymes. 

The name given to a particular hydrolysing 
enzyme usually indicates the substance it is 
capable of hydrolysing and in these cases the 
termination ase is used. Thus maltase is the 
enzyme which hydrolyses maltose, amylase the 
enzyme which hydrolyses starch ; but in some 
eases older names which were in use before this 
scheme was adopted, are still retained, e.g. 
suerase, the enzyme which inverts sucrose (cane 
sugar), 18 still called invertase or even invertin, 
the common digestive enzymes are termed 
trypsin and pepsin. The substance which is 
decomposed by the enzyme is usually termed 
the substrate. 

The more important types of hydrolysing 
enzymes arc^ : 

(I) Ester- and fat-sphtting enzymes — lipases 
and esterases. 

(II) Carbohydrate- and glycoside-splitting 
enzymes. Invertase or suerase, maltose, 
amylases and the naturally occurring 
glycoside- splitting enzymes, e.g, amyg- 
dalin, myrosin, etc. 

(Ill) Proteolytic enzymes which hydrolyse pro- 
teins and polypeptides (for list, see 
Enzymes). 

All three groups arc of great interest os they 
play an important part in the digestion and 
assimilation of food. Many arc also of value 


in industry, e.g. in the malting of barley where 
the invertase or amylase breaks down the starch 
through dextrins and maltose to glucose. 

As catalysts they differ in several respects 
from the general hydrolytic catalysts, mineral 
acids and alkalis : 

(1) They are more sensitive to temperature 
differences. The activity of all is destroyed at a 
tempierature below 100° and for each there is 
usually an optimum temperaturc. 

(2) They are also sensitive to the acid or 
alkaline reaction of the substrate and for each 
enzyme very narrow limits of pn 

results. 

(3) They are extremely readily poisoned, but 
cAn withstand antiseptics which kill most micro- 
organisms ; strong antiseptics such as form- 
aldehyde destroy their activity. 

(4) It is not essential that the products ob- 
tained by the two processes should bo identical. 
Thus in the ease of the inversion of cane sugar 
by invertase the products are a -glucose and a- 
fnictose, whereas when mineral acids are used 
the products are equilibrium mixtures of a- and 
)5-glucose and a- and jS-friictose, as the a-glucose 
and the a -fructose undergo immediate mu taro - 
tation ill the presence of the mineral aeid. 
Another example of a similar type is met with 
in the trisaccharide, raffinose ; when li\(lrolyNed 
by acid this yields galactose, fructose and 
glucose, the same sugar with rafliiuise yields 
melibiosr and fructose, and with (‘mulsin it 
yields galactose and sue rose. Similarly natural 
products of protein character yield compara- 
tively simple amino-acids when hyilrolysed with 
acids or alkalis, whereas with enzymes iiwro 
complex intermediate products are formed. 

(5) Although the processes of hydrolysis by 
acids and by enzymes are frequently compared it 
should be home in mind that the rate at which 
a given substance is hydrolysed by the two 
different types of catalysts is fn^quontly quite 
different, e.g. sucrose is hydrolysed by invertase 
much more readily than by a A-solution of 
hydrochloric acid ; in fact, wuth a concentrat-ed 
solution of invertase at 0° the inversion is 
practically instantaneous. 

(6) An important point of difference between 
hydrolysis by means of acids or alkalis and 
hydrolysis under the influence of enzymes is 
that any particular enzyme has a very restricted 
use as a catalyst or the action of enzymes is 
essentially selective. Thus lipase ran hydrolyse 
esters and not carbohydrates ; maltase can 
hydrolyse maltose but not sucrose. That a 
slight difference in the configuration of two 
isomeric compounds is sufficient to affect their 
reactivities with a particular enzyme is shown in 
the case of the two stercoisomeric methyl- 
glucosides and of corresjionding a- and /5- 
glycosides (both natural and synthetic). (JSee 
Fermentation and Gi-ycosides.) 

The lipases, e.g. from castor oil or blood serum, 
hydrolyse glycerides in tliree distinct stages 
characterised by three velocity coefficients and 
corresponding with the elimination of the three 
acyl groups (Virtanen and Lindeberg, Suomon 
Kem. 1936, 9 B, 2), but do not readily hydrolyse 
ethyl esters (Keichel and Jleinmuth, Z. physiol. 
Chem. 1936, 244, 78). Whereas pancreatic 
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lipaso splits both ethyl esters and glycerides 
(Balls and Matlock, J. Bjol. Chem. 1938, 128, 
678) but the former less rapidly. A careful 
study (Bamaiin and Rcndelen, Z. physiol. 
Chem. 1936, 288, 133; cf. ibid. 1933, 222, 121; 
l.»angonbeck and Baltes, Her. 1934, 67 fB], 
1204) of the splitting of arid esters, dimethyl 
esters and methyl ester amides, 

COjMe fCHjh, CONH2 

of the dihasic acids, malonic to adipic, by pigs' 
liver estertt.se and of the effects of altering 
concentration and substrate concentration leads 
to the roneluHion that the enzyme binding power 
of the est(T giouj) is controlled by the electro- 
chemical nature of the adjoining groups. The 
carboxyl group inhibits the formation of the 
additive compound and can bo counteracted or 
restrii tt'd by increasing the distance between the 
COjMe and CO 2 H groups, by esterifying th© 
COjH group or converting it into CON and 
also by reducing the dissociation of the CO 2 H 
group. 

JMgs’ esterase hydrolyses maleic esters (methyl 
tf) Jiexyl) more readily than the isomeric 
funiarates, oleic somewhat more readily than 
elaidic ester but erucie and brassidic esters at 
oc|ual raters (Fabisch, Biochem. Z. 1931,234, 84). 

Esterases, e.ff. from human liver or pancreas, 
pig’s kidney or liver, are further characterised by 
producing asymmetric hydrol^'sis with a racemic 
ester, e.g. d/-ethyl mandclate or homologucs, as 
one enantiornorph is hydrolysed more readily 
than the other (Ammon and Geisler, Biochem, Z. 
1932, 249, 470 ; cf. Dawson, Platt and (/’olien, 
Biochem. .1. 1920, 20, 530). Similarly the d-form 
of the butyrate of phenylmethylearbinol, 
CHMePh-OH, IS hydrolysed more readily than 
the Z-forin {ibid. 1932, 247, 113 ; 249, 440). By 
comparing the rates for rf-, I- and d/-mandelates 
the ratio is 130:5-5 and wntli the rfi-eompound 
the d inhibits the hydrolyai.s of the I (Sehw^ah 
and others, Z. physiol. Chem. 1933, 215, 121). 
Many experiments have been made on the effect 
of adding compounds of different types ; some 
accentuate the difference, others lessen it. 

(7) Enzymes can act not merely as hydrolysing 
but also as synthesising agents. The process 
of hydrolysis is thus, in most cases, a balanced 
reaction, but the equibbrium is mainly in the 
direction of analysis and not synthesis. To 
obtain appreciable synthesis the amount of 
water must be restricted. The synthesising 
M!tivity of an enzyme was first demonstrated by 
Croft HiU (J.C.S. 1898, 73, 634; 1903, 83, 678) 
in the ease of maltaso. The greater portion of 
the maltose is hydrolysed by the enzyme to 
glucose, but a certain proportion of disaccharide 
is always present. 

A series of alkyl-jS-glucosides and galactosides 
has been synthesised by Bourquelot using 
emulsin, and a-glucosides by art enzyme 
extracted from bottom yeast by means of water 
(Ann. Chim, 1913. [viiij, 29. 145; 1915, [ixj, 3, 
287; 1915, [ixJ, 4, 310; cf. also Bayliss, J. 
Physiol. 1913, 46, 236). 

Bayliss has synthesised arbutin from quinol 
and dextrose by means of emulsin in the 
presence of glycerol (J.C.S. 1912, 102, i, 328). 
The synthetic action of enzymes in forming 


polypeptides and proteins has also been de- 
monstrated (Abderhalden, ibid. 1915, 108, i, 
725). Both glycogen and starch have been 
synthesised from glucose phosphoric acid (Hanes, 
Nature, 1940, 145, 335). 

Lipases and esterases also have synthesising 
properties ; natural fats have been synthesised 
by the action of lipases on mixtures of glycerol 
and the higher fatty acids in the absence of a 
large excess of w'ater. Esterases can give rise to 
asymmetric synthesis. The lipolytic enzymes 
present in certain seeds are made use of on a 
commercial scale for the preparation of fatty 
acids from natural fats {cf. Welter, Z. angew. 
Chem. 191 1, 24. 38.5 ; Pottevin, Bull. Soe. chim. 
1906, [lii], 35, 693). For details of the syn- 
thetic functions of enzymes, see Eeumentation, 
Alcuhoeic. 

In some of these balanced actions betw^een 
carbohydrates or esters and enzymes it has been 
shown that the equilibrium mixture is the same, 
wliether mineral acid or enzyme is used, e.g. 
Visscr’s experiments using invertasc and cmiil- 
sin ; in other cases, how'cvcr, the equilibrium 
mixture with the enzyme is (jiiitc different from 
that obtained when an acid is used, e g. Dietz's 
experiments with lipase and i.soainvl n- butyrate 
(Z. physiol. Chem. 1907, 52, 279). 

The effects of numerous compounds 011 tlie 
hydrolytic activity of enzymt's have been 
studied and a dilatometrie iiietliod for studying 
ester formation and hydrolysis by esterase from 
pigs’ pan ereas developed (Ammon and Bartsehk, 
Bioeheni. Z. 1934, 268, 23J). 

(Uyrmidic Enzymes. — The rate of hydrolysis 
of phenyl -j9-J-glueo8idc by emulsin is not affected 
by cations, but anions increase the rate and the 
increttse varies with the pu value of the medium. 
The chlorate ion can increase it threefold. 
Increasing salt concentration increases the rate 
until a maximum is reached and the rate then 
remains <-oriatant (Hclferich, Schinitz-Helle- 
brecht, Z. physiol. Chem. 1935, 284, 54). The 
enzymatic fission of glycosides is less in DgO than 
in HjO if the enyznie is a'liiiust saturated with 
substrate, but if only a small amount of enzyme 
is euiubinod with substrate the rate is more rapid 
in DgO than in w-ater (Salzer and Honhoeffer, 
Z. physikal. Chem. 1936, 175, 304). 

Amylases. — Calcium chloride accelerates enzy- 
matic amylolysis at certain values of pu, and 
sodium chloride is less active (Baumgarten, Bio- 
chem. J. 1932, 26, 539). Guanidine and creatine 
retard and creatinine accelerates such hydrolysis 
(Mystkovski, ibid., p. 910). Carboxylic acids and 
amino-compounds retard and various proteins 
and amino-acids retard at values of pj[ below 
but activ’^ate at values above pg 4-5 (Filipowicz, 
ibid. 1931, 25, 1874). Dilute potassium cyanide 
or thionmiic can activate amylase (Borchardt and 
Pringsheim, Biochem. Z. 1933, 259, 134). 

Esterases and Lipa ^^. — Glick and King (J. 
Biol. Chem. 1931. 94, 497; 1932, 95, 477; 
Weber and King, ibid. 1935, 108, 131) find that 
n-alcohols have an inhibiting effect on esterase 
and that the effect increases as the series is 
ascended, but with the isomeric amyl alcohols 
there is a decrease in the effect os the sterio 
hindrance around the OH increases; with 
secondary alcohols the effect of the steric factor 
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18 eclipsed by that of the length of the carbon 
chain. The effect of the Balts of fatty acids is 
small in the case of lipase but with esterase the 
effect increases up to n-laurate and then de- 
creases almost to zero for palmitate and stearate. 
The effect of the salt of an unsaturatcd acid is 
greater than that of the saturated compound; 
hexyl and octyl alcohols have greater in- 
hibiting powers than the corresponding sodium 
soaps and there apj^ears to be a relationship 
between their activity and their effects in lower- 
ing surface tension. The butyl ether of glycol, 
unlike the ethyl etherH of both glvcol and 
[ CHg CHaOH]^, is fairly active against 
esterase but not lipase. CN, I, NO 3 , SH, OH, 
Cl, CO, CON Ha, NHa, attached to amyl or 
phenyl retard hydrolysis with esterase and 
benzjdresorcinol has the greatest effect. The 
above series is similar to the lyotropic scries of 
analogous ions in protein dispersion in aqueous 
solution. Click and King {ibid. 1932, 97 , 675) 
find that the hydrolysis of tributyrin by pan- 
creas lipase is accelerated in the decreasing order 
— hexylrcHorcinol, octyl alcohol, amyl iodide, 
hexyl alcohol, amyl alcohol, phenol, hexoic 
acid, rycZohexanol, resorcinol — and claim to 
demonstrate that the activation is due to con- 
centration of the activator on the substrate 
resulting in a decrease of interfacial tension 
between enzyme and substrate, ('f. aho Clark 
and Archibald (Trans. Roy. 8 oc. Canada, 1932, 
[ill], 26, III, 87). 

VI. ThTOHYI)HOLYSI.S, AI-COHOLY'SIS, 
Aiudoly.sis, Ammonolv SIH. 

Several types of reactions are analogous to 
hydrolysis and consist in tho addition of a 
compound other than water, viz. hydrogen 
sulphide, alcohol or acid, to an ester or similar 
compound and the fission of the compounds to 
simpler compounds. Some of the commoner of 
such reactions are : 

( 1 ) Thiohydrolysis. — Esters of thioacetic 
acid are thiohydrolysed in liquid hydrogen sul- 
phide into free acid and mercaptan just as 
carboxylic esters arc hydrolysed by water to acid 
and alcohol. The degree of hydrolysis increases 
w ith the molecular weight of the ester, and even 
at —77" is several times the value for the 
hydrolysis of the corresponding carboxylic ester 
at room temperature (Ralston and Wilkinson, 
J. Amer. Chem. Soc. 1928, 60, 2160). 

(2) Alcoholysis. — Reactions in which al- 
cohols play much the same part as water in 
hydrolysis are usually grouped together under 
the name alcoholysis. The reaction with methyl 
alcohol is termed methanolysia, and that with 
ethyl ethanolyaia. 

The ethanolysis of an acid amide in the 
presence of a mineral acid is analogous to the 
hydrolysis of the amide by dilute mineral acids 
as shown by the two equations : 

RCONHj+HOH-RCOOH+NHa 

RCONHj+H OEt=:RCOOEt+NH3 

The latter reaction has been studied in detail 
by Reed (Amer. Chem. J. 1909, 41 , 483 ; J.C.S. 
1913, 104 , 975). The reaction is bimolecular 
as the catalyst is gradually neutralised by the 


ammonia formed in the reaction, and proceeds 
at an easily measurable rate at 50" in the 
cose of benzamide. A determination of the 
ratio of k for p- and w-nitrobenzamide show^s 
that this is 1’16, a value practically identical 
w'ith the ratio for the hydrolysis of the two 
amides. The ratio of the constants for benzamide 
and m-nitrobenzamide varies considerably w'ith 
the concentration of the hydrogen chloride. The 
effect of small amounts of water on the rate 
of alcoliolysis is also marked, just as in the caae 
if the esterification of an acid, and similarly 
orfAo-substituents appear to have inhibiting 
effects. The general conclusion drawn is that 
the mechanism of alcoholysis is analogous to that 
of hydrolysis, and consists in tho formation of 
salts between the amide and the mineral acid 
and the reaction of the complex cation with the 
alcohol. This alcoholysis occurs between thio- 
amides and mercaptans (Reed, l.c.). 

Another common type of alcoholy-sis met 
with is the conversion of an ester of a given acid 
into another e.ster of the same acid by means of 
an alcohol, e.g. : 

R COOEt f MeOH R COOMe+EtOH 

This change does not take place readily except 
in the presence of a catalyst, the most efficient 
being sodium alkyl oxide (Ihirdie, J.C.S. 1885, 
47 , 862 ; 1887, 61 , 627 ; 1888, 63 , 391 ; Claisen, 
Ber. 1887, 20 , (546), hydrogen chloride (Patterson 
and Dickinson, J.(3.S. 1901, 79 , 280), sodium 
hydroxide (Henriques, Z. angew'. (Jhom, 1898, 11, 
338; Pfannl, Monatsh. 1910, 81 , 301; Kom- 
nenos, ibid. 1910, 31 , 111, 687; 1911, 82 , 77; 
Kremann, ibid. 1905, 26 , 783 ; 1908, 29 , 23) or 
ammonia (Leuchs and Theodorescu, Ber. 1910, 
43 , 1239). As a rule only a small amount of the 
catalyst need be used, but with the esters of 
aromatic acids saturation with hydrogen chloride 
is necessary, Bellet ((^ompt. rend. 1931, 193 , 
1020; 1932, 194 , 1655) working with small 

amounts of sodium hydroxide proved that the 
rate of the reaction is reduced as the solution 
becom (‘8 neutral (due to hydrolysis of ester) but 
is increased w ith rise of temperature ; that higher 
alcohols are readily displaced by lower and that 
tertiary are displaced more readily than primary. 
The reaction appears to be reversible, as it is 
possible to transform an ethyl into a methyl 
and conversely a methyl into an ethyl ester. 
The reaction is not limited to methyl and ethyl 
esters, but can be applied to more complex esters, 
such as benzyl and phenyl, and also to glyceryl 
esters (c/. HaUer, ibid. 1906, 143 , 657; 1908,' 
146 , 259; Fanto and Stritar, Monatsh. 1908, 
29 , 299), and is a most convenient laboratory 
method for the conversion of a given ester into 
another ester derived from the same acid. The 
esters of the great majority of aliphatic and 
aromatic acids react in this manner, but Sud- 
borough and Edwards have shown that when the 
esters are derived from diorf^-substituted 
benzoic acids the transformation cannot be 
effected by using either sodium alky] oxide or 
saturating with hydrogen chloride and boiling 
for some time. Even when several substituents 
are present transformation occurs, provided the 
ortho- positions are free. This indicates that the 
transformation of esters under the influence of 
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hydrogen chloride is analogous to the esterifica- 
tion of an acid by the same catalyst. 

This analogy has been further confirmed by 
determining the rates of alcoholysis of various 
esters. These changes cannot be measured by 
a simple chemical method as in the case of 
esterification or hydroi^'sis, but use has been 
made of the volume changes which occur and 
the results obtained by dilatomctric readings 
at constant tenifieniturc indicate that with an 
excess of the alcohol and using hydrogen chloride 
as catalyst the reaction 

MeOH i RCOaEt ^ EtOH f RCOgMe 

is jiractically uni molecular. The stcric effects 
arc very similar to those met with in the case 
of catalytic cstenTication (Kolhatkar, J.C.S. 
1915, 107, 921). For further analogies betw'een 
esterification and alcoholysis, rf. Sud borough 
and liis co- workers (,J. Indian Inst. Sci. 1914, 1, 
107; 1918-20, 2, 121 ; 1920-21, 3, 1 ; 1921, 4, 
181 ; 1922, 5, 1 ; 1924, 7, 1) and for alcoholysis 
of j3-kctonic esters, ftee Connor and Adkins (J. 
Amer. Chem. Soc. 1932, 54, 3420), and for use 
of the Grigiiard reagent, e.g. 

RCOaR'+R^'O MgBr 

^ RCOaR M^R'O MgBr 

Ivanov and Roustchev (Cornpt. rend. 1932, 195, 
407) who show that the heavy R" can replace 
the lighter R' in the ester and that if R' is aryl 
and R^' alphyl, R" partially replaces R' but that 
the reverse process proceeds to a very slight 
extent only. The reaction 

CHgCOORf BuOH 

-> CH3COOBU+ROH 

is catalysed more actively by hydrogen chloride 
when R=bornyl, but more actively by potas- 
sium hydroxide when R=mothyl. 

Similar transformations can be brought about 
in the case of the alkyl ethers of carboniura 
bases, e g. 

.CH:CH 

I 

^NR CH OEt 

(Decker, J. pr. Chem. 1890, [ii], 45, 182), and of 
the oxygen ethers of substituted thiocarbamides, 
e.g. 

EtOCH.NHCSNHPh 

-> MeO CHa'NH CS NHPh 

(Johnson and Guest, J. Amer. Chem. Soc. 1910, 
32, 1279; cf. Kuntze, Arch. Pharm. 1908, 246, 
110). An interesting case of alcoholysis ob- 
served by Willst&tter and Stoll (Annalen, 
1910, 878, 18) is the conversion of amorphous 
chlorophyll into crystalline chlorophyll by ethyl 
alcohol in the presence of an enzyme chloro- 
phyllastf which accompanies chlorophyll in 
pl^t tissues. The reaction consists in the 
replacement of the complex phytyl group by 
the simpler ethyl group 

C 03 HC,iH„N 3 Mf(C 03 M«)(C 03 C 3 oH 3 ,)-|-EtOH 

*CgoHa#OH+C 03 HC 8 ,H„N 3 Mf(COjMe)(C 03 Et) 

(3) Acldolysis. — Just as an ester reacting 
with an excess of an alcohol in the presence 


of a catal3'Ht can exchange its alkyl group, 
BO the same ester in presence of excess of 
an acid and a catalyst can exchange its acyl 
group : 

RCO ORM R "CO OH 
->R"CO OR'+RCO OH 

This was first studied by Reid (Amer. Chem. J. 
1911, 46, 479) and subsequently in detail by 
Sudborough and Karve (J. Indian Inst. Sci. 
1922, 6, i) for the case of ethyl acetate and 
trichloroacetic acid where the values of k for the 
direct and reverse reactions are practii ally the 
same in the absence of a catalyst. 

With ethyl acetoacetate and different acids 
the rate is not a simple function of the strength 
of the acid R'^COgH. The reaction is catalysed 
by H2O and cone. HjjSO^, but not by gaseous 
HCI (Cherbuliez and Fuld, Arch. 8ci. pbys. nat, 
1938, [v], 20, 8uppl. 52). 

A scries of experiments by Sowa (J. Amer. 
Chem. 80c. 1938, 60, 554) using as catalyst 
BF3,2 AcOH at 100^’ shows that a-propyl, 
a-butyl and t.iopropyl cstcirs of propionic, 
benzoic and salicylic, acids yield the corre- 
sponding at etates and that the yields are much 
smaller with ?^<opropyl, arec-butyl and tert- 
butyl esters. A comparison of the catalysts 
H2SO4, ZnCI.^, BF3 and BHF2(OH)2 gives 
the pcicentage yields of »-biityl acetate as 20, 
31, 40 and 50 respectively. 

(4) Am mono lysis. — "Phis term is sometimes 
applied to the reactions in which halogen atoms, 
suJphoiiic groups or alky loxy -groups are replaced 
by NH2 by using liquid ammonia or ammonia 
under pressure. With esters ammonium 
chloride acts as a catalyst and the efleet of R in 
CHaR COaEt is shown to be 

CN>CO NH2>COaEt>OEt>Ph>H 

(Audrieth and Kleiiiberg, J. Org. Chem. 1938, 3, 
312). Many compounds are electrolytes in liquid 
ammonia (Groggins and 8tirton, 3. Ind. Eng. 
Chem. 1933, 25, 42, 159, 274). 

.1. 3. 8. 

HYDROMAGNESITE. Hytli ated basic 
carbonate of magnesium, 

SMgCOa Mg(OH)2,3H20, 

occurring as small, acicular or bladcd (ortlio- 
rhombic or monoclinic) crystals, but more often 
as white, earthy or chalky masses. It is a 
mineral of secondary origin, and usually occurs 
as veins in serpentine, from which it has been 
derived. It is softer and less heavy (sp.gr. 
2-16) than magnesite. When calcined it can 
be used for the same purposes as magnesite. A 
large deposit is quarried at Atlin, in British 
Columbia (for analyses, see G. A. Young, 
Sum. Rep. Geol. Survey, Canada, 1915) ; and 
there is a considerable quantity available at a 
spot 93 mUes north of Ashcroft, in the Lillooet 
district of British Columbia. Several occur- 
rences are known in California. It is also found 
with the massive magnesite of Eubma in Greece. 

L. J. S. 

'* HYDRONALIUM (v. Vol. I, 2636). 

HYDRON YELLOW G (v. Vol. I, 4236). 
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“ HYDROPYRIN.” Trade name for lithium 
aoetylaalicylate, which is claimed to be more 
soluble than aspirin and to combine the advan- 
tages of lithium salts and a specific for rheu- 
matism. 

HYDROQUINENE (v. Vol. Ill, 167f). 
HYDROQUIN ICINE (r. Vol. Ill, 106c). 
HYDROQUINIDINE (v. Vol. Ill, 164d). 

HYDROQUININE (v. Vol. Ill, lOba). 

HYDROQUIN I NONE (i;. Vol. Ill, 107a). 

HYDROQUINONE, QUINOL, l:4-di- 
hydroxybenzene. The p-dihydroxy -derivatives 
of benzene and its homologucs are readily 
oxidised to quinones and termed hydroquinones : 

C-OH CO 

/ 

HC CH -H, HC CH 

hIL^ Jh hI Ih 

COH ^do 

The oxidation ih €*fFec‘ted by nitric aeid, rhlorine, 
peraulphate and other oxidining agents. A 

peculiarity of the reaction is the formation 

of a “ half-way stage ” in the oxidation. This 
highly coloured molecular compound of hydio- 
(juiiionc and quinone is called quinhydrone ; it 
finds important applications in potentio metric 
and conductometric titrations. It has been sug- 
gested that it is a “ zwitterion ” between the 
beiizcnoid and quinoiioid forms (Sidgwick, 
“ Organic Chemistry of Nitrogen," 1937). 
Its autoxidation has been studied by K. Dubrisay 
and A. Saint-Maxen (CVimpt. rend. 1929, 189, 
994), A. Saint-Maxen {ibid. 1930, 191, 212) and 
T. W. Evans and W. M. Dehii (.1. Amcr. Chem. 
Soc. 1930, 52, 3204). 

Hydroquinone ociMirs naturally, and by 
hydrolysis of natural products such as rarbiitin. 

It is prepared synthetically by oxidation of 
phenol with alkaline permanganate (G.P. 
810GS) or with hydrogen jieroxide (G. G. Hender- 
son and R. Royd, J.C.S. 1910, 97, 1666), but in 
the laboratory it is usually prepared from aniline 
as follows : 25 g. of sodium dichromate dissolved 
in 100 ml. of w ater arc added dropwise to 25 g. 
of aniline dissolved in 200 g. of concentrated 
sulphuric acid and GOO ml. of water, keeping 
the temperature below KWC. The mixture at 
first becomes green, and towards the end of the 
rea«;tion blue-black m colour. After standing 
overnight a further 50 g. of sodium dichromate. 
in 200 ml. of water are added to the cooled 
solution. Most of the precipitate then dissolves, 
giving a turbid mixture containing qiiinonc 
and quinhydrone in suspension. Sulphur dioxide 
is passed through, the suspended matter filtered 
oflF and the hydroquinone extracted from the 
filtrate with ether, which is subsequently 
distilled off. The product is purified by dis- 
solving in the smallest quantity of hot w'ater, 
a little sulphur dioxide passed through, boiled 
with charcoal, filtered and allow'ed to crystallise 
(L. Gattermann, “ Die Praxis des organischen 
Chemikers,” 12 Auf. 1914, pp. 249, 253). 

Hydroquinone may also be prepared by heat- 
ing p-chlorophenol to a high temperature, under 
pressure, with the addition of copper (G.P. 
269544). An Improved preparation of hydro- 


quinone from quinhydrone is given in G.P. 
380503 ; for the electrolytic reduction of quinone 
to hydroquinone, see Seyewetz and Miodon. Bull. 
Soc. chim. 1923, [iv], 83, 449. 

Hydroquinone is dimorphous, the stable form 
crystallising from water, the labile form lx?ing 
obtained by sublimation, m.p. 170-3°, b.p. 285° ; 
sublimation commences about 10° below the 
melting-point. It is soluble in alcohol, ether 
and in hot water. Ferric chloride oxidises it to 
quinone and quinhydrone. In aqueous solution 
it gives no precipitate wdtli lead acetate. Its 
alkaline solution darkens on exposure to air, 
and it reduces Fehling's solution in the cold and 
ammoniacal silver nitrate on warming. When 
heated with phthalic anhydride and zinc 
chloride* it is converted into the colourless hydro- 
quinoiiephthaleiii (F. Grimm, Ber. 1873, 6 , 
506). 

Hydroquinone condenses with aniylenc in the 
presence of sulphuric and acetic ai'ids to give 
di-woaraylhydro(piinonc (W. Koenigs ami V. 
Mai, ibid. 1892, 25, 2650). 

The very valuable proiK'rty of hydroquinone 
of inhibiting oxidation, particularly of alde- 
hydes, has been studied by C. Moureu and G. 
Dufraisse and others (Compi. rend. 1924, 179, 
1229; Bull. Soc. chim. 1924, [iv|, 36, 1.564) {see 
Vol. V, 30(ia). 

HYDROQUINONE ETHERS. The 

methyl and ethyl ethers of hydroquinone have 
recently found considerable use in perfumery. 
The ethyl other is prepared by heating p- 
diazophenetole sulphate with dilute sulpliurii'. 
acid, or by boiling hydroquinone with ethyl 
iodide and potassium hydroxide under r reflux 
condenser. It loims colourless needles melting 
at 66° arul boding at 247”. The dimethyl ether 
is a modern syntlu‘tic having a iiowerfiil odour 
resembling coumarin, and is employed in }K‘r- 
fumes of the new-mown hay type. It forms 
colourless crystals melting at 55-56°. 

E. J. P. 

HYDROQUINOTOXINE (c. Vol. Ill, 
166c). 

HYDROX POWDER {v. Vol. IV, 502f/). 

HYDROXYACETOPHENONES, o- 

IJydroxydcetophpjwne, HO-CoH^-CO-CHg. Pre- 
pared from phenol and acetic acid by heating 
with zinc chloride (H. Pauly and K. Lockemann, 
Ber. 1915, 43, 30); together with p-hydroxy- 
acetoidiciionc by the rearrangement of phenyl 
acetate with aluminium chloride (K. Fries and 
W. Pfaffendorff, ibid. 1910, 48, 215) ; and by 
heating diazotised o-aminoacetophenone pre- 
pared from o-nitrophenylpropiolic acid (P. 
Friedlaender and .1, Neudorfer, ibid. 1897, 80, 
1080). It is an oil, b.p. 106-107°/17 mm., 93- 
97°/10 mm. Acetyl derivative, m.p. 89°. 

m-Hydroxyacetophenmte . — Prepared from m- 
nitroacctophenone through the diazo -compound 
(Biginelli, Gazzetta, 1894, 24, i, 440 ; E. 
Besthom, E. Banzhaf and G. Jaegle, Ber. 1894, 
27. 3042), m.p. 96°. 

p-IIydroxyaceiophenonef m.p. 108°. — Prepared 
from p-acetylanisole, by demethylation with 
hydrogen bromide (Charon and Zamanos, 
Compt. rend. 1901, 138, 742). 

ReacLcetophentytie^ 2:4-dihydroxyacetophenone. 

-Prepared from resorcin and acetic acid by 
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heating with zinc clilorirle at 14r>-160® (Nencki 
and Sicher, J. pr. ('hern. ]881, fiij, 23, 147), 
ra.p. 142*^0. Ferric chloride gives a wme-red 
colour with the aqueous solution. 

Dihydroryaretophenone . — Obtained by de- 
methylation of the dimethyl ether with alu- 
tninium chloride in ehlorolienzene solution 
(Mauthner, ibid. 1927, [iij, 116, 274). 

*2:5-I)ihydrojrya€eiophenone . — May be prepared 
by heating 1 part hydroquinone with IJ parts 
acetic acid and 1 J parts zinc chloride at 140-145"' 
(Neiicki anrl Schmid, ibid. 1881, [ii], 23 , 540). 
Also bv the learrangement of hydroquinone 
diacetate, (K W. llosenmund and H. Lohfort, 
IJcr. 1928, 61 |R], 2005; R. W. Stoughton, K. 
Baltzly and A. Bass, J. Araer. (^hein. Soc. 1934, 
66, 2007). M.j). 202"'. CVystallises from water 
in yellow -green crystals. 

(iaUaoeiophenonE (2:3:4- trihydroxyaceto- 
jihenone). — Prepared by condensation of pyro- 
gallol with acetic acid using zinc chloride (Nencki 
and Sicber, J. XJ*”. Chem. 1881, [ii], 23 , 151, 538). 
Also from acetyl chloride (0*23 parts) and pyro- 
gallol (10 parts) by heating on a water bath 
(A. Einhorn and F. Hollandt, Annalen, 1898, 
301 , 107; E. RiachcT, Bcr. 1909, 42 , 1015). 
M.x>- 173^. Crystallises from w'atcr. 

H YDROXY-AC I DS . — The hydroxy^-aiids 
arc derived from the carboxylic acids by rcxdace- 
ment ol one or more hydrogen atoms in the 
hydrocarbon radical of the acid by one or more 
hydroxyl groups. The nomenclature is similar 
to that of the carboxylic acids {q.v.), for 
example, lactic acid, CHg-CH (OH)COOH, 
may be called “ a-hydroxyiirox)ionic acid ” or 
“ propan-2-ol-l-oic acid.’' 

Meibods of Synthesis . — The syntheses fall into 
three divisions ; (1) introduction of the carboxyl 
group into the alcohol or phenol ; (II) introduc- 
tion of the hydroxyl group into the carboxylic 
acid ; and (III) the simultaneous introduction of 
both hydroxyl and carboxyl group into the 
hydrocarbon molecule. 

I. iNTRODUrTION OF THE CaHHOXYL GrOUP 
INTO THE Alcohol or Phenol. 

(j) Glycols, diprimary, primary secondary and 
primary tertiary, may bo oxidised by dilute 
nitric acid or platinum black and air to the 
hydroxy -acid, e.g. propylene glycol to glycollic 
acid (A. Wurtz, Annalen, 1858, 105, 205; 107, 
192). 

(ii) By fusing the homologous xihenols with 
alkalis when the alkyl group attached to the 
nucleus is oxidised to a carboxyl group. Salicylic 
acid is obtained by heating o-cresol with caustic 
soda with the addition of copper oxide at 260- 
270“, manganese at 260° or iron oxide at 300° 
(G.P. 170230; Chem. Zentr. 1906, II, 471). 

(iii) Oxidation of phenolic aldehydes with 
alkali, e.g. salicylic acid from aalicylaldehyde 
The phenolic aldehydes may be prepared by the 
method of Ticmaiin and Reimer {see Gatter- 
mann, “ Die Praxis des organischen (Chemi- 
kers,” 12 Aufl., 1914, p. 318, Leipzig). 

(iv) Carbon tetrachloride condenses with 
phenols to give a mixture of o- and p-carboxylic 
acids, the p-acid usually predominating, e.g. 
p-hydroxybenzoic acid from phenol, carbon 


tetrachloride and caustic potash (K. Reimer and 
F. Tiomann, Ber. 1876, 9 , 1285; O. Hasse, ibid. 
877, 10 , 2186; G.P. 268887, using 40% caustic 
potash and copper powder). 

(v) By hydrolysis of the hydroxy -cyanide, 
c..g. hydracrylic acid, HO-CHg-CHg-COOH, 
may be obtained by treating ^-chloroethyl- 
ilcohol with potassium cyanide and hydrolysing 
<hc nitrile with caustic soda solution (J. Wis- 
iceniis, Annalen, 1863, 128 , 4; 1873, 167 , 346; 
«iee, however, Erlenmeycr, ibid. 1878, 191 , 278). 

II. Introduction of Hydroxyl Group 
INTO THE Carboxylic Acid. 

(i) Aldo- acids and keto-acids can be reduced 
with sodium amalgam or w'ith zinc and hydro- 

hlonc or sulphuric acid, e.g. lactic acid from 
pyroracemic acid. Glycollic acid may be 
obtained by the reduction of oxalic acid wit(li 
zinc (A. H. Church, J.C.S. 1863, 16 , 302). i 

(ii) The most important method is by the 
replacement of halogen by hydroxyl in halogenoi 
carboxylic acids by means of a metal oxide or, 
hydroxide, e.g. silver oxide or alkali hydroxide. \ 
Water is often sufficient to replace a labile 
halogen atom without the use of metal hydroxide, 

g. glycollic acid from monochloroacetic acid 
(G. G. Thomson, Annalen, 1880, 200 , 76) ; 
hydracrylic acid from j8-bromopropionic acid 
(W. Lossen and K. Kowski, ibid. 1906, 342 , 
128); y-butyrolactonc from y-chloro butyric 
acid (Henry, Bull. Soc. chini. 1886, [ii], 45 , 341). 

(lii) Treatment of the amino-acids with 
nitrous acid ( N a N Ogd- HCI), followed by warm- 
ing in the case of aromatic amines, replaces the 
NHg group by OH, e.g. glycollic acid from 
glycine, and salicylic acid from anthranilic ai-id. 

(iv) By treating unsaturated acids with 
hydrohromic acid or with dilute sulphuric acid, 
.g. y-valerolactone from allylacetic acid. 

HI. SlMULTANKOU.S INTRODUCTION OF BoTH 
Hydroxyj. and Carboxyl Groups. 

(i) Hydrogen cyanide followed by hydro- 
chloric acid on aldehydes and ketones as well as 
on ethylene oxides gives finally an acid with 
the hydroxyl group in the a-position to the 
carboxyl group in the case of aldehydes and 
ketones. 

R-CO RM HCN .RR'C(OH)CN 

->RR'C(OH)COgH 

The cyanohydrin first formed is hydrolysed 
to the acid by hydrochloric acid. In the pre- 
paration of mandelic acid, benzaldehyde bi- 
sulphite compound is treated with sodium 
cyanide and the mandelonitrile hydrolysed with 
concentrated sulphuric acid (“ Organic Syn- 
theses.*’ CoU. Vol. I. New Y'ork, 1932, p. 329). 
Other preparations are those of lactic acid from 
acetaldehyde (Simpson and Gautier, Compt. 
rend. 1867, 65 , 410), and hydracrylic acid from 
ethylene oxide (Erlenmeyer, Annalen, 1878, 
191 , 278). 

(ii) By fusion of the arylsulphonio acid with 
alkalis, e.g. salicylic acid from o-toluenesul- 
phonic acid (Wolkow, Z. Chem. 1870, 326). 

(iii) By passing air at 160° through paraffin 
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wax (m.p. 52°), mixtures of hydroxy •acids are 
produce^ e.g. 

Cis-i7Ha,-34(OH)COOH and 

Ca6He9(OH)COOH 

(P. P. Schorigin and A. P. Kreahkov, Amer. 
Chem. Abstr. 1934, 28, (il06 ; 1935, 29, 2147). 

Properties. — The hydroxy-acids are divided 
into two classes, the alcoholic acids and the 
phenolic acids, having some properties in com- 
mon, such as the replacement of the hydrogen 
of the hydroxyl group by metals or alkyl groups. 
In the case of alcohols, alkali metal is necessary, 
but caustic alkali will replace the more acidic 
hydrogen of the phenol. Acid chlorides replace 
the hydroxyl hydrogen of the phenol or alcohol 
giving the corresponding ester. The carboxyl 
group yields the normal ester, amide, nitrile 
and salts. 

In the aliphatic series hydriodic acid reduces 
the hydroxy-acids to the corresponding fatty 
acid, e,.g. propionic acid from lactic acid. The 
aliphatic hydroxy-acids are in general more 
soluble in water hut less so in ether than the 
corresponding tatty acids and arc less volatile 
and cannot as a rule be distilled. On oxidation 
or by the application of heat the aliphatic 
hydroxy-acids show different properties accord- 
ing as they are a-, or y-hydroxy-acids, e.g, 
hydraerylic acid, a primary hydroxy-acid, 
HO-CHj'CHjjCOOH, yields scmi-malonic 
aldehyde and nialonic acid as primary poducts. 
Secondary hydroxy -acids, e.g, lactic acid, 
CH3CH(0H)C00H, yield ketonio acids. 
The a-ketonic acids change to aldehyde and 
carbon dioxide, e.g. 

CH3 CH( 0 H)C 00 H ^CHg CO cooh 

Lactic acid. Pyruvic acid. 

CH3 CHO + COj 

Acetaldehyde. 

Tertiary a-hydroxy-acids yield ketones, e.g. 
a-hydroxyi.'*obutyri(! acid, 

(CH3)3C(0H)C00H -^CHa-CO CH3 

a-Hydroxy-acids on heating lose water and 
become cyclic double esters — the lactidcs, e.g. 
lactic arid gives 

CH,— CH-CO 

o o 

^O— CH— C 

jS-Hydroxy-acids lose water and become un- 
saturated acids, thus hydraerylic acid becomes 
acrylic acid. 

y- and S-Hydroxy -acids lose water at the 
ordinary temperature and change more or less 
completely into simple cyclic esters — ^the lactones. 



y-ButyroIactone. 

VoL. VI.— 26 


This property is shared by some phenolic acids 
such as coumario acid which gives 



Coumarin. 

The phenolic acids decompose into the 
phenol and carbon dioxide when distilled with 
soda-lime. The o-acids give a deep violet colour 
with ferric chloride, and are volatile in steam, in 
contrast to the m- and p-acids which are not 
volatile and give no distinctive colour with 
ferric chloride. The m-acids are the most 
stable and are converted into hydroxyanthra- 
quinoiios when heated with concentrated sul- 
phuric acid. Boiling hydrochloric acid decom- 
poses the p-acids into CO* and phenols. 
S. Krishna and F. G. Pope (J.C.S. 1922, 121, 798) 
find that the action of potassium iodide and 
iodato on some aromatic hydroxy-acids is to give 
the tri-iodophenol, the carboxyl group being 
eliminated. Thus salicylic acid and p-hydroxy- 
benzoic acid both give 2;4i6-tri-iodophenol ; 
3- or 5-nitrosalicylic acid gives tri-iodonitro- 
phcnol and 3:5-dinitrosalicylic acid gives tri- 
iododinitrophcnol. {See Cabdoxylic Acids, j9- 
Hydboxydutyrio Acid and Hydboxy stearic 
Acids.) 

a and i9-HYDROXYANTHRAGALLOL 
{V. Vol. I, 2l2d). 

HYDROXYANTHRAPURPURIN {v. 

Vol, I, 213a). 

/3-HYDROXYANTHRAQUINONE (e. 

Vol. 1, 212d). 

HYDROXYANTHRARUFIN {v. Vol. 1, 
224c). 

jS-HYDROXYBUTYRIC ACID, 

CH3 CH(0H)CH3 C00H. 

Prepared by the reduction of acetoacetic ester 
with sodium amalgam (J. Wislicenus, Annalen, 
1869, 149, 205) ; or by the action of potassium 
cyanide on a-propylenechlorohydrin and hydro- 
lysis of the resulting nitrile (W. Markownikoff, 
ibid, 1870, 158, 237). It is a thick syrup volatile 
in steam and decomposes 011 heating into water 
and crotonic acid. It has been resolved into 
its optical enantiomorphs by means of the 
quinine salts (A. McKenzie, J.C.S. 1902, 81, 1 402). 
L)3-Hyclroxy butyric acid occurs in the urine in 
considerable quantities in cases of diabetes 
mellitus and is the source of acetone in the urine. 
For its detection in urine, see Molhant (BuU. 
Soc. chim. Belg. 1924, 88, 261); Bierry and 
Moquet (Compt. rend. 1924, 178, 816) ; Engfeldt 
(Biochem. Z. 1924, 144, 566; c/. Lublin, ibid. 
1924,147, 187, and Ooldhlatt, Biochem. J. 1925, 
19. 626). 

HYDROXYCHRYSAZIN (v. Vol. I, 
2l2d). 

HYDROXYCITRONELLAL. This valu- 
able synthetic perfume is a somewhat variable 
commercial product, in which citroneUal hydrate 
predominates. It is very liable to polymerisa- 
tion and should be stored in full containers in the 
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d^rk. The main constituent has the following 
constitution ; 

MCjC.CH CHj CHj CHMe CH^ CH(OH)^ 

The best commorcial samjjles have ® about 
0*930; optical rotation -f H to I-IO"’; 7ifl 
1-448-1 -455. 

It is u vjHcouH liquid with a fine lily of the 
valley note, and is valuable in muguet, hyacinth, 
narcisHiis, sweet pea and lily of the valley 
perfumes. 

E J P 

HYDROXYEREMOPHILONE (n Vol! 
IV, :t24r) 

a HYDROXYETHYLANILINE, 
PhNH-CHj-CHj-OH. 

IVejiarod by heating eqiiiinolecular quantities 
of aniline and ethylene chlorohydrin under prcs- 
H\ire- at 11 O'’ (Knorr, lier. 1889, 22, 2092), or by 
boiling under a reflux aniline (2 tuoIh.) and 
ethylene chlorohydrin (1 mol.) with water (G.P. 
103043). It has b.p. 280'’, 107^717 mm.; 
d® 111, is slightly soluble in water, readily so in 
alcohol and ether ; it yields indoxyl on fusion 
wdth alkali. 

HYDROXYFLAVOPURPURIN (r. Vol. 

1, 212d). 

)5 HYDROXYGLUTAMIC ACID (v. Vol. 

I, 318c). 

HYDROXYLAMINE, NH»OH. Dis- 
covered by W. Lossen (Annalen, Suppl. 1808, 
6, 220) in 1866, but only known in the form of 
its salts or in aqueous solution until 1891. 

It may conveniently be prepared iii the 
laboratory by the following method : 2 mol, ol 
commercial sodium nitrite in concentrated 
aqueous solution and 1 mol. of sodium car- 
bonate are kept at —2” to —^3° with constant 
stirring, and sulphur dioxide passed m until 
Just acid. The solution is warmed gently wdth a 
few drops of sulphuric acid and kept at 90-95” 
for 2 days. It is then neutralised with sodium 
carbonate, concentrated by evaporation to 
10^11 times the weight of nitrite taken and 
sodium sulphite allowed to crystallise out by 
cooling. Hydroxylamine sulphate left in the 
mother liquor may be purified by iTystallisation 
(E. Divers and T. Haga, J.C.S. 1887, 62, 601; 
1896, 70, 1665). For a modification of tliis 
process giving a 70% yield of the pure hydro- 
chloride, wp Organic Syntheses, 1923, III, 66. 

I Much work has been done on the electrolysis 
of nitric acid, nitrous acid and other derivatives 
to produce hydroxylamine salts (G.P. 133457, 
137697; J.S.C.I. 1902, 21, 1468; E.P. 322943; 

J. S.C.I. 1903, 22, 426 ; J. Tnfel, Z. anorg. Chem. 
1902, 81 , 289 ; E. P. Schoch and R. H. Pritchett, 
J. Amer. Chem. Soc. 1916, 88, 2042). J. 
Stsoherbakow and D. Libina (Z.< Elektrochem. 
1929, 86, 70, 826) and G. Ponzlo and A, Pichetto 
(Annali Chim. Appl. 1924, 14 , 250) have studied 
the electrolytic reduction of nitric acid to 
hydroxylamine. 

It may also be prepared by the reduction of 
nitric acid with metals under suitable con- 
ditions (E. Divers, J.C.S. 1883, 48 , 443 ; 1885, 
47 , 697). Nitrates, nitrites, nitro-bodies, etc., 
in neutral solution are reduced by finely divided 


metals to give hydroxylamine (B, P. 11216/1804 ; 
J.S.C.I. 1895, 14. 595). 

Catalytic methods include the reduction of 
nitric acid by hydrogen in the presence of 
spongy platinum at 115-120° (A. Jouve, Compt. 
rend. 1899, 128, 435). 

To isolate free hydroxylamine, the hydro- 
hloridc is dissolved in methyl alcohol and 
sodium methoxido in methyl alcohol added. 
The sodium chloride is filtered off and the 
alcohol removed by distillation under reduced 
pressure. Hydroxylamine distils at about 
70°/60 mm., and about 68°/32 mm. Vaseline 
may be added to inhibit frothing during distil- 
lation, and care should be taken to exclude air 
as at 60-70° explosive mixtures may be formed 
(C. A. Lobry de Bruyn, Kec. trav. chim. 1891, 
10, 100; 1893, 11, 18; J. W. Bruhl, Ber. 1894, 
27, 1347). L. Crismer obtained the nnhydrou^ 
substance by passing ammonia through the 
complex salt, di hydroxylamine zinc chloride A 
ZnCl 2 , 2 NH 20 H, distilling off first the solvent' 
ether and then the hydroxylamine (Bull. Soe. \ 
chim. 1891, [iiil, 6, 793). R. Uhlenhuth \ 
(Annalen, 1900, 811, 117) obtained it by dis- 
tillation of the phosphate under reduced pres- 
sure. O. Baudisch and F. Jenner (Ber. 1916, 49, 
1182) added the dry, finely powdered sulphate 
to lujuid ammonia in a quartz tube, removed 
the ammonia and extracted the hydroxylamine 
with ab'ohul. Owing to the danger from explosion 
attending the distillation of hydroxylamine, 
H. Lecher and J. Hofmann (il/ic/. 1922, 55 |Bj, 
012) jirepared the free base by suspending the 
hydroehlondo in absolute alcohol, adding a 
Holiition ol sodium eihoxjde in absolute alcohol, 
filtering off the sodium chloride and cooling 
the filtrate to —18'^ when NH^OH crystallised 
out. 

Hydroxylamine forms white inodorous scales 
or hard needles, sp.gr. about 1-3, m.p. 33°, b.p. 
56-57°/22 mm. When kept at ordinary pres- 
sures above J 5° hydroxylamine darkens ; at 
higher temperatures explosion is likely to occur. 
Readily soluble in water and to a less extent in 
ethyl and methyl alcohols, and in boiling ether. 
It is decomposed by alkali giving nitrogen, 
nitrous oxide, nitrous acid and water (S. S. 
Kolotoff', J. Russ. Phys. Chem. Soc. 1891, 23, 
3). The aqueous solution is colourless and 
odourless and has a strongly alkaline reaction. 
In many of its properties hydroxylamine re- 
sembles ammonia but it is less basic. For 
example, Zn, Fe, Ni, Al, Cu, are precipitated 
from their soluble salts as hydroxides insoluble 
in excess, but the alkaline earths are not pre- 
cipitated. It acts as a strong reducing agent, 
e.g. with CuSO^ solution red Cu^O is precipi- 
tated, HgCl2 is reduced to Hg2d2 n-nd Ag, Au, 
and Pt are precipitated from their salts. In 
alkaline solution it converts ferrous to ferric 
hydroxide, whilst in acid solution it reduces 
ferric to ferrous salts. 

The salts of hydroxylamine ore readily soluble 
in water and alcohol, crystallise well and are 
anhydrous. The three hydrogen atoms of 
hydroxylamine are replaceable by sulpbonio 
acid groups, e.g. j3]9-hydroxylammedisulphonio 
acid (SOgH^gN-OH (Raschig, Chem.-Ztg. 1888, 
12, 219), the alkali salts of which are stable. 
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For the a^jS-trisulphonio acid derivative, 
(S 03 H) 2 N‘ 0 ’S 0 aH, and the o^-diHiilphonio 
acid (or i^odisulphonio acid) 

SOaH NH O SO^H, 

8te F. Rawchig, Ber 1923, 56 [BJ, 206. 

Hydroxylamine hydrochloride or 

(S03Na)aN OH 

reaclH with furfuraldehyde at 165-160'’ under 
pressure to give 2:5-dihvdr(Jxypyrjdme (K. Aho, 
A. 1939, IT, 386). Complex salts analogous to 
the amines have been prepared ((loremikin and 
(tladishevskaja, A. 1939, i, 533). 

Hydroxylamine and its salts have been used 
as photograjihic developc'rs and for recovering 
silver from hxing baths (Lamer, J.S.C.J. 1890, 
9, 890) ; as a substitute for ehrysarobin and 
pyrogaUie acid (Schwarz, Rharm. Ztg. 33, 659). 
Manganese brown has been discharged by appli- 
cation of the h 3 ^drochloride (Sehaeller, Bull. 
Mulhoiise, 1883; scp ei/.so J.S.C.l. 1884, 3, 166). 

Ilydrfjxylaniiiie has been reported in the cells 
f)f Chlorella^ fcirmed under ordiriarj'^ conditions 
oi growth (D. Michlin, A, 1938, 111, 1062). Its 
formation in culture media from the reduction 
of nitrates by micro-organiama has betm rcjiortod 
(J, Bloni, Biochem. Z. 1928, 194, 385). iS’ce also 
papers by IVl. Lemoigne, i*. Monguillon and R. 
Desveaux (Bull. Soc. C^hiin. biol. 1938, 20, 441) 
on hydroxylamine in biological processcH. 

It is used for preparing oximes ol aldchydi'S 
and ketones. AldoxmicH are usually prepared 
by adding the aldehyde (1 mol.) to an a(]ucous 
solution of hydroxylamine hydrochloride (1 
niol.) and sodium carbonate (1^ mol.). Acpieous 
alcohol is used for water-msoluble aldehydes. 
Kc'toximes arc somewhat more difficult and are 
prepared by heating the calculated quantity of 
ketone, hydrox^damme hydrochloride and 
sodium acetate in aqueous or alcoholic solution 
1-2 hours on a water batli. Also by heating the 
ketone dissolved with alcohol, and NH^OH- 
HCI, in a sealed tube for 8 10 hours at 160- 
180“ (1. Schmidt lloiiben, “Hie Methoden der 
organischen Chemie,” 3 Aufl. 1930, 584). Cer- 
tain oximations may be earned out by the use 
of sodium hydroxylamine monos ulj)honate. 


For a laboratory preparation of this reagent, 
see Organic Syntheses, 1930, X, 23. For the 
determination of the aldehyde in oil of citnmclla 
with hydroxylamine hydrochloride, see Vol. Ill, 
191c. For the use of hydroxylamine m the 
determination of camphor, see Vandoni and 
Hesseigne, Bull. Soc. chim. 1935, fvj, 2, 1685. 

Detection and Estimation . — Hydroxylamine 
may be detected by its reducing properties on 
silver nitrate, and Fehling’s solution. By 
adding sodium nitroprusside to a neutral solu- 
tion and a little caustic soda, a magenta-red 
coloration is produced (A. Angoli, Gazzetta, 
1893, 23 , ii, 102). It yields benzhydroxamic 
acid on treatment with sodium acetate and 
benzoyl chloride and this gives a violet-red 
coloration with ferric chloride (E. Bamberger, 
Ber. 1899, 82, 1805). As little as 0 0001 g. can 
be detected Qolorimetrically by moans of p- 
bromonitroBobenzene and a-naphthol (J, Blom, 


Biochem. Z. 1928, 194 , 365). Another sensitive 
test depends on the formation of a fugitive 
purple coloration on treatment with yellow 
ammonium sulphide and excess of ammonia 
(W. M. Fischer, Cbem.-Ztg. 1923, 47, 401). 
An ammouiacal solution of diaoetylmonoxiine 
with hydroxylamine forms dimethylglyoxime 
which can be identified by its reaction with 
nickel salts. H^'droxylamine gives with resor- 
cinol and potassium periodate in solution 
buffered to 2, a stable iherry-red colour — 
reported sensitivity 1 part per million (G. G. Rno 
and W. V. B. S. Rao, Analyst, 1938, 63, 718). 

It may b(^ estimated by titration in alkaline 
solution with mercury acetamide, which is 
reduced to metallic mercury (M, O. Forster, 
J.C.S. 1898, 74, 785) ; oxidation with vaiiadit*. 
sulphate, measuring the nitrogen evolved and 
titrating the vanadoiis sulphate with potassium 
permanganate (K. A. Hofmann and F. Kusperl, 
Ber. 1898, 31, 64); also by adding excess of 
standard titanium iricbloiidc and back -titrating 
the excess with potassium permanganate 
(A. Stabler, xbuL 1904, 37, 4732 ; y/nd. 42, 
2695). Of three methods iiivcHtigated by 
W. G. Bray, M. E. Simpson and A. A. MacKcrizic 
(.1. Amcr. tbem. Soc. 1919, 41, 1363) the two 
following methods were found to be iiccurati- : 
(1) Reduction to ammonia by excess of titaiioiis 
salt in acid solution, and (2) oxidation to nitrous 
oxide by excess ferric sulphate in sulphuric aciil 
solution with subsequent titration of the ferrous 
salt with permanganate. Also it may be esti- 
mated by adding an excess of (MA'KBrO., 
solution and sulphuric acid, and after J-J lioiir 
adding potassium iodide solution and titrating 
the liberated iodine with sodium thiosulphate 
(A. Knrtenacker and J. Wagner, Z. jiiiorg 
Chcin. 1922, 120, 261). 

Ror the colon mctri(‘ determination, see W. 
Pueher and H. A. Day (J. Amor. Ghem. Soe. 
1926, 48, 672). The method depends on Bam- 
berger’s bonzhydioxamie acid reaction with 
ferric chloride (v. supra). For the determination 
of small quantities of the order of 1 mg. in 4 c.e., 
the hydroxylamine is oxidised by iodim' to 
nitrous acid which is determined photometrically 
by the diazo-method, using sulphanilic acid and 
/9-aminoiiaphthalene in acetic ^cid. Error 
d::2-3% for 01-0’2 X 10“® g. in 10 c.c. The 
method can be extended to solutions containing 
nitrite and nitrate (G. Endres and L. Kuiif- 
manii, Annahm, 1937,530,184). Hydroxjdamino 
has also been determined eoulometriially (L. 
Szehelledy and Z. Somogyi, Z. anal. Ghem. 1938, 
112, 4(K)). 

Ethylhydroxylamines v. Etiivl. 

)5-Phenylhydroxylamine, NHPhOH. — 
This compound may be prepared by the reduction 
of nitrobenzene with zinc dust in ammonium 
chloride solution (G. S. Marvel and 0. Kamm, 
J. Ainer. Ghem. Soc. 1919, 41, 279 ; Organic 
Syntheses, 1932, Coll. Vol. 1, 435, yield 
62-68%). Consistently good yields are obtained 
if the zinc dust is previously treated with 
2% mercurous nitrate solution slightly acidified 
with nitric acid (Kasanof, Ind. Eng. Ghem. 
1920, 12 , 799). Many other methods have 
been recorded for its preparation : oxidation of 
aniline with Caro’s acid in the presence of ether 
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at 0® (E. Bamberger and F. Tsfhirner, Ber. 
1899, 82, 1675) or eleetrolytieaJJy in acetic 
acid solution (Halier, Z. Klektrocliem. 1898, 
5, 77) ; by the reduction of nitrobenzene with 
zinc amalgam in an aqiicoiiH-alcoholic solution 
of aluminium siiljihate (K. Bamberger and M. 
Knecht, Bor. 1896, 29, HO.'l) ; or with zinc dust 
in the presence of calcium chloride in ether or 
alcohol solution {C. (johlHchmidt, ibid. 2307 ; 
(jI.B. 84138; see also WislicemiH, J. pr. Chem. 
1896, [iij, 54, 57). Tlie Hubstance is very 
jioisonuuH and Hhould not be allowed to come in 
contact witli the skin (0. Baudisch, Chem.-Ztg. 
1911,35, 913). 

^-I’henyihydroxylainine forms colourless 
ncedlcH, m.p. 81-82®; soluble in 10 parts hot 
and 50 parts cold water, readily soluble in 
alcohol, ether, carbon disulphide and chloro- 
form, bjiaringly soluble in light petroleum. 
Ammoniacal sdver nitrate and Fehling’s solution 
are reduced in the cold by /3-phenylhydroxyl- 
amine. Mineral acids yield p aminophenol and 
azoxybenzene ; alcoholic sul[)huric acid gives 
azox)^ benzene, o- and p-jihenetidinc, o- and /i- 
ainino])henol, aniline and otlicr compounds (E. 
BambiTgcr and J. Lagutt, ihid. 1898, 31, 1501). 
It dissolves ill sulphuric u(id with a deep blue 
colour. By heating at 100’, azobenzene to- 
gether ^ith aniline, azoxybenzene and other 
jirodiK'ts are lormed. Oxidation with iier- 
nianganate gives first iiitrosobenzone then nitro- 
gen and uzoxyhciizcne (E. Hamberger and F. 
Tsebiriier, Ber. 1899, 32, 342). It dissolves in 
sodium hydroxide giving a sodinin salt, which 
deeoinpoRes into introbenzime and azoxybenzene 
in the presence ol uir but into azoxybenzene 
and aniiino if air is excluded (E. Bamberger and 
F. Jiradv, ihid. ]()()(), 33, 271). With aromatic 
aldehydes it jdelds phen^ JaldoAimes of the type 

CHR. 

I 

NPh 

((J. Flancher and G, Bieeiniiii, Atti. R. Aeead. 
Lincei, 1905, [v], 14, ii, 36). The 2:4-dinilro- 
derivalire, (N02)2C6H3 NH-OH, is made by 
the action of an alcoholic solution of hydroxyl- 
amine on 2:4-dinitrodipheiiyl ether. It has 
marked acidic properties and gives intensely 
coloured ammonium and aniline salts (W. 
Borsihe, B(*r. 1923, 56 IB), 1944). 
Nitroso-j9-phenyl hydroxy lam ine, 

CeH, N(NO)OH, 

may be conveniently prepared by the action of 
sodium nitrite and dilute sulphuric acid on /3- 
phenylhydroxylamiiie (A. Wohl, ihid, 1894, 27, 
1435 ; E. Bamberger, ibid. 1 553) or by the interac- 
tion of hydroxylamine and nitrobenzene in alco- 
holic solution in the presence of sodium ethoxide 
(A. Angeli, ihid. 1896, 29, 1884). It crystallises 
from light petroleum, m.p. 58- ,59®, and deeoin- 
jKises at 75®. Readily soluble in organic sol- 
vents, sparingly so in water. Alcoholic or 
ethereal solutions give a brownish -red coloration 
with a few drops of ferric chloride. 

The most important derivative is the ammo- 
nium salt, cupferron, CjHg N (NO)ONH^, and 
is prepared as follows : An ice-cold solution of 
25 g. nitrobenzene in 125 c.c., 96% alcohol and 


25 c.c. water is saturated with ammonia and then 
treated with hydrogen sulphide for 21-3 hours. 
To the resulting pale yellow, pasty mass, 
500 c.c. ether are added, the solution shaken 
vigorously and filtered. The ether layer is 
separated and saturated with ammonia, with- 
drawn, cooled in ice and ethyl nitrite vapour 
passed in (NaN02 25 g., HgO 40 c.c., 
96% CgH^ OH 33 c.c. and 1:1 HCI 90 c.c.). 
The solution becomes dark at first, the colour 
slowly disappears and crystals of eupferron 
separate. It is washed with ether and dried 
over calcium chloride and ammonium carbonate. 
Yield 8f)% (K. H. Slotta and K. R. Jacobi, 
Z. anal. Chem. 1930, 80, 97). See also Organic 
Syntheses, 1932, CoU. Vol. I, 171. 

The microcrystalline forms of several salts of 
nitro80-j3-phonylhydroxylamine have been found 
to be Huflieientl}^ eharacieristic to be employed in 
the identification of the particular metal (Martini, 
Mikrochem, 1928, 6. 152). Cupferron has been 
used to separate zirconium and uranium 
(Angeletti, Gazzetta, 1921, 51, 285). 

Cupferron is a brownish -while crystalline 
soluble substance and yields well-defined co- 
oi dination compounds when its amraoiiiurn 
radical is replaced by many of the metals. It 
is most useful in the separation of iron, titanium 
and zirconium, since it precijiitates these ole- 
nieiits from strongly acid solutions containing 
aluminium, chromium, manganese, nickel, co- 
balt, zme, magnesium and the alkaline earths. 
The lerri(! and copper salts may bo separated by 
dissolving out the latter with ammonium hy- 
droxide. The ferric salt is soluble in chloroform, 
ether, acetone, etc., and may be dissolved and 
separated from other salts, such as those of lead, 
silver or tin, which may have been precipitated 
with it (Baiirlisch, Chriu.-Ztg. 1909, 33, 1298; 
1911, 35, 913 ; H. Biltz and O. Hodtke, Z. anorg. 
('hem. 1910, 66, 426; J. Hanus and A. 
Soiikup, ibid. 1910, 68, 52; R. Fresenius, Z. 
anal. ('hem. 1911, 50, 35). See also Ciikmicai, 
Analysis and Lundi'll and Knowles, Ind. Eng. 
Chem. 1920, 12, 344, for further applications. 

HYDROXYPROLINE (r. Vol. 1. 317r). 

HYDROXYQUmOL, l:2:4-trihyrlroxy- 
benzene. This substance is obtaincil by rapidly 
beating hydroejuinone with 8-10 times its weight 
of caustic soda until evolution of hydrogen has 
almost ceased (Bartli and Schreder, Moiiatsh. 
1883, 4, 176) ; or by dissolving 150 g. quinono in 
4(X)-450 g. acetic anhydride and 10 c.<‘. concen- 
trated sulphuric acid, keeping the tempera- 
ture at 40-50®, and finally pouring into much 
water. The precipitated bydroxyhydrocpiinone 
triacetate is saponified with a methyl alcoholic 
solution of sulphuric acid, neutralised with 
anhydrous sodium carbonate, extracted with 
ether, filtered and the solvent removed. The 
residue is allowed to crystallise in a vacuum 
desiccator (Thiele, Ber. 1898, 31, 1248). 

It crystallises from ether in microscopic 
scales, m.p. 140-5°, and distils with partial de- 
composition to give quinol. Its aqueous solu- 
tion darkens rapidly on exposure to the air, 
and ferric chloride solution gives a transient 
bluish-green coloration, which changes to dark 
blue, and then to wine- red on the careful addition 
of sodium carbonate solution. 
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Hydroxyquinol (2 mol.) when heated with 
phthalic anhydride (1 mol.) to 185-190° gives 
hydrozyquinolphthalein. 



(W. Feuerstein and M. Dutoit, ibid. 1901, 84, 
2637). 

Condensation takes place with aldehydes. 
Using concentrated sulphuric acid in alcoholic 
solution, paraldehyde giv'es the compound : 

CMe 

(C. Ijichermann and »S. Lindenbaum, ibid. 1904, 
37. 1177, 2731). 

For an account of the derivatives, Bargel- 
lini (Gazzetta, 1910, 40, ii, 342; 1911, 41, ii, 
612; 1912, 42, li, 351; Atti. H. Aecad. Lincci, 
1911, [v], 20, i, 22; li, 18, 118, 183). The tri- 
methyl ether has been used by ,1. Keigrodski 
and iT. Tambor (Ber. 1910, 43, 1964) for the 
synthesis of 2:3-dihydroxy(lavone. 

H YDROXYSTEAR 1C AC I DS, a-Uydtory- 
sitaric Acid, 

CH5TCH2I1S CH(OH) COOH. 

Prepared by treating a-bromostcaric acid with 
aqiieoiis potash. Separates from a mixture of 
benzene and light petroleum as a erystallnie 
powder, m.p. 91-92° (C. Hell and J. Sadomsky, 
Ber. 1891, 24, 2391 ; H. R. Lo Sueur, J.C.S. 
1904, 85, 827). By heating to 270° it yields 
margaric aldehyde, Cj^HgaCHO, a lactido, 
^36^68^4’ acid and carbon dioxide. 

(Lc Sueur, l.c.) 
p’Hydroxyatearic Acid, 

CH3 [CH2]i4 CH(OH)CHj COOH. 

Prepared by treating )3-bromoBtoaric acid with 
aqueous potash. Crystallises from chloroform 
in white plates, m.p. 89° (Ponzio, Gazzetta, 1906, 
86.ii,670). 

y- Hydroxy stearic Acid. — Exists most com- 
monly in the form of its lactone, 

.CHj— CHj 

'which is prepared by heating oleic acid with 
concentrated sulphuric acid at 80-85° for 6 hours, 
dilutin g with water and warming on a water 
bath ; it has m.p. 52-53°, and yields the acid, 
m.p. 89°, on heating with alkali and finally 
acidifying with hydrochloric acid (P. W. 
autterbuck, J.C.S. 1924, 125, 2330). 


C. G. Tomecko and R. Adams (J. Amer. Chem. 
Soc. 1927, 49 , 522) by condensing aldehyde 
esters of the general formula, 

CHO [CHalx COOMe 

(where *—7, 8, 9, 10, 11) with the Grignard re- 
agent, CHg lCHjly-MgBr (where 1/ = 8, 7, 6, 
6, 4) have obtained the esters of the following 
hydroxystearic acids, from which the pure acids 
are obtained by hydrolysis, 

CH3 [CH Jj; MgBr+CHO fCHaVCOOMe 
-»^CH3[CH3VCH(OH)[CHg]xCOOMe 

M.]) , inetliyl 



M.p., 

aclU. 

ester. 

8 or (1- hydroxystearic acid 

. 74- 

-75° 

45-46° 

9 or i- hydroxystearic acid 

. 81- 

-82° 

63-54° 

10 or if-hydroxystearic acid 

. 76-77° 

49-60° 

11 or A-hydroxystearic acid 

. 78- 

-79° 

50-51° 

12 or p-hydroxystearic acid 

. 77- 

-77-5’ 

52-52-5' 


t-llydroxystearic acid may also bo prepared 
by the action of sulphuric acid on oleic acid 
(THcherbnkow and Saizcw, J. pr. (3iem. 1898, 
[ii], 57, 27). At 100° it yii'lds the anhydride, and 
oxidation with chromic acid in acetic acid con- 
ve.rts it into s(ibacic, azelaic and traces of suberic 
and a li(]uid monobasic acid, together with i- 
ketostcaric acid, 

CHg |CH3], CO fCH.,VCOOH, 

m.p. 76°. On distillation, i-hydroxystoaric acid 
gives A^-claidic and A^-tdaidic acids and ordi- 
nary oleic acid (Vosely and Majtl, Chem. Listy, 
1925, 19. 345; Bull. Soc. chim. 1926, [iv], 39, 
230). 

K-Hydroryslmnc Acid, 

CH, fCH,l, CH(OH) [CH,], COOH. 

Prepared by < the aidion of sulphuric acid on 
ijfooleic acid, Shukow and Schestakow (J. Russ. 
Phys. Chem. Soc. 1903, 35, 1) who give the m.j). 
as 84-85°. Oxidation with chromic acid gives 
sebacic acid, nonylene-at-dicarboxylio acid 
(m.p. 124°) and K-kctostcaric acid (m.p. 05°). 

X- Hydroxystearic Acid, 

CH 3 [CHJ,.CH(0H) [CHjJio-COOH. 

This acid was obtained (A. Grlin and M. 
Woldonborg, J. Amer. Chem. 80c. 1909, 81, 490) 
by the reduction of the methyl ester of ricinoleic 
acid. 

Sativic Acid, obtained by oxidising linolcic 
arid is 8:9:1 l:12-tetrahydroxystearic acid, 

CH3 [CH3VCH(OH)CH(OH)CHa CH(OH) 
•CH(OH) [CH 3 VCOOH 

and has been shown to have this constitution 
(Reinger, Ber. deut. pharm. Ges. 1922, 82, 124) 
by progressive elimination of hydroxyl groups, 
confirming A. Eckert (Monatsh. 1917, 88 , 1). 

Four isomeric (a- )3-, y- and S-) sativic acids 
have been prepared by B. H. Nioolet and H. L. 
Cox (J. Amer. Chem. Soc. 1922, 44 , 144). 

Mild treatment of oleio acid with alkaline 
permanganate gives ^-hydroxy-i-ketosteario 
acid and d-keto-t-hydroxystearic acid (King, 
J.C.S. 1936, 1788). 
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at 0° (E. Bamberger and F. Tschirner, Ber. 
1899, 82 , 1675) or electrolytically in acetic 
acid Holution (Haber, Z. Elektrochem. 1898, 
6, 77) ; by the reduction of nitrobenzene with 
zinc amalgam in an aqueous-alcoholic solution 
of aluminium sulphate (E. Bamberger and M. 
Knecht, Ber. 1896, 29, 868) ; or with zinc dust 
in the presence of calcium chloride in ether or 
alcohol solution (C. Goldschmidt, ibid. 2307 ; 
G.P. 84138; 8Pe aho Wislicenus, J. pr. Chem. 
1896, [iij, 54, 67). The substance is very 
poisonous and should not be allowed to conic in 
contact with the skin ((). Buudisch, (Jhem.-Ztg. 
1911,35,913). 

^-Phcnylhydroxylamine forms colourless 
needles, m.p. 81-82'^; soluble in 10 parts hot 
and 60 parts cold water, readily soluble in 
alcohol, ether, carbon disulphide and chloro- 
form, sparingly soluble in light petroleum. 
Ammoniacal silver nitrate and l'Y*hling’8 solution 
are reduced in the cold by /3 phenylliydroxyl- 
aininc. Mineral acids yield /y-aminr/ph(uiol and 
azoxyhenzene ; alcoholic Hulphuric acid gives 
azoxy benzene, o- and p-jibcnetidine, o- and p- 
aminophenol, aniline and oth(*r compounds (E. 
Bamberger and J. Lagutt, ilnd. 1898, 31, 1601). 
It disHolves in sulphuric; acid vith a dc(‘p blue 
colour. By heating at 100’, azobenzenc to- 
gether M'ith aniline, azoxvbenzene and other 
produets are formed. Oxidation witli piT- 
manganate gives first iiitroso benzene then nitro- 
gen and azoxyhenzene (E. IhimbergiM* and E. 
Tsebirner, Ber. 18911, 32, 342). It dissolves in 
sodium hydroxide giving a sodium salt, wJiieh 
decomposes into nitrobt'iizeiie and azoxyhenzene 
in the prcseiiee of air bid into a zovy benzene 
and aniline jf air is excluded (E. Bamberger and 
J'\ Brady, tbid. 1900, 33, 271). With aromatic 
aldehydes it yields plien^ laldoximes of the type 



(G. Planchor and G. Pieeinini, Atti. It. Aeead. 
Lineei, 1906, [v], 14, ii, 36). The 2:4-f/<a/7ro- 
derivative, (NOglXeHgNHOH, IS made by 
the aetion of an aleoholie solution of hydroxvl- 
aniine on 2:4-dinitrodipbenyl ether. It has 
marked acidic properties and gives inU*nsely 
eoloured ammonium and aniline salts (W. 
Borsche, Ber. 1923. 56 fB], 1944). 

Nitroso-j9-phenylhydroxylamine, 

N(NO)OH, 

may bo conveniently prepared by the action oi 
sodium nitrite and dilute sulphurie acid on j9- 
pbenylbydroxylaniino (A. Wohl, ibid. 1894, 27, 
1435; E. Bamberger, ibid. 1653) or by the interac- 
tion of hydroxylainine and nitrobenzene in alco- 
holic solution in the presence of sodium ethoxide 
(A. Angeli, ibid. 1896, 29, 1884). It crystallises 
from light petroleum, m.p. 68-69'’, and decom- 
poses at 76". Readily solublt; in organic sol- 
vents, sparingly so in water. Alcoholic or 
ethereal solutions give a brownish -red coloration 
with a few drops of ferric chloride. 

The most important derivative is the ammo- 
nium salt, cupferron, (NO)ONH 4 , and 

is prepared as follows : An ice-cold solution of 
25 g. nitrobenzene in 125 o.o., 96% alcohol and 


25 c.c. water is saturated with ammonia and then 
treated with hydrogen sulphide for 2^-3 hours. 
To the resulting pale yellow, pasty mass, 
500 c.c. ether are added, the solution shaken 
vigorously and filtered. The ether layer is 
separated and saturated with ammonia, with- 
drawn, cooled in ice and ethyl nitrite vapour 
passed in (NaN02 26 g., HgO 40 c.c., 
96% CjH^ OH 33 c.c. and 1:1 HCI 90 c.c.). 
The solution becomes dark at first, the colour 
slowly disappears and crystals of cupferron 
separate. It is washed with ether and dried 
over eah'iiim chloride and ammonium carbonate. 
Yield 80% (K. 11. Slotta and K. K. Jacobi, 
Z. anal. Chem. 1930, 80, 97). See aho Organic 
Syntheses, 1932, Coll. Vol. 1, 171. 

The microcrj^stalline forms of several salts of 
nilro80-/9-phenylhvdroxylamine have been found! 
lo lie Bufiieiently characteristic to be employed in 
the idem tifi cation of the particular metal (Martini, 
Mikrochem, 1928, 6. 162). Cupferron has been 
used (o scjiar.'ito zirconium and uranium 
(yXngclctti, Gazzetta, 1921, 51, 286). 

(’upferron is a brownisli-white crystalline 
HoluhJe substance and yields w^ell-defined co- 
ordination compounds when its ammonium 
radical is replaced by many of the metals. It 
is most useful in the separation ol iron, titanium 
and zirconium, since it precipitates these ele- 
ments from strongly acid solutions containing 
aluimniuni, chromium, manganese, nickel, co- 
halt, zinc, magnesium and the alkaline earths. 
The feme- and copper salts may be separated by 
dissolving out the latter with ammonium hy- 
droxidi*. The ferrii* salt is soluble in chloroform, 
ether, acetone, etc., and may be dissolved and 
separated from other salts, such as those of lead, 
silver or tin, which may have been precipitated 
with it (Bandiscb, Cliem.-Ztg. 1909, 38, 1298; 
191 1, 35, 913 ; H. Blitz and 0. ITodtke, Z. anoig. 
Chem 1910, 66, 426; J. Hanns and A. 
Soiiku]), ibid. 1910, 68, 62; R. Fresenins, Z. 
anal. Chem. 1911, 50, 35). See aho CiiEMU^An 
Analysis and Luiidell and Knowles, Ind. Eng. 
Chem. 1920, 12, 344, for further applications. 

HYDROXYPROLINE (r. Vol. I, 317r). 

HYDROXYQUINOL, l:2:4-trihydroxy- 
belizene. This substance is obtained by rapidly 
beating hydroquinone with 8-10 times its weight 
of caustic soda until evolution of hydrogen has 
almost ceased (Barth and Scliredcr, Monatsh. 
1883, 4, J76) ; or by dissolving 150 g. quinoiio in 
400-460 g. acetic anhydride and 10 c.c. concen- 
trated sulphuric acid, keeping the tempera- 
ture at 40-60", and finally jiouring into much 
vater. The precipitated liydroxyhydroquinone 
triacetate is saponified with a methyl alcoholic 
solution of sulphuric acid, neutralised with 
anhydrous sodium carbonate, extracted witli 
ether, filtered and the solvent removed. The 
residue is allowed to crystallise in a vacuum 
desiccator (Thiele, Ber. 1898, 31, 1248). 

It crystallises from ether in microscopic 
scales, m.p. 140-5", and distils with partial de- 
composition to give quinol. Its aqueous solu- 
tion darkens rapidly on exposure to the air, 
and ferric chloride solution gives a transient 
bluish -green coloration, which changes to dark 
blue, and then to wine-red on the careful addition 
of sodium carbonate solution. 
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Hydroxyquinol (2 mol.) 'when heated 'with 
phthalic anhydride (1 mol.) to 185-190° gives 
hydroxyquinolphthalein. 



(W. Feuerstein and M. Dutoit, ibid. 1901, 34, 
2637). 

Condensation takes jdace with aldehydes. 
Using concentrated sulphuric acid in alcoholic 
solution, paraldehyde gives the compound : 



CMe 


(C. Lieborinann and S. Lindonbaum, ibid. 1904, 
37, 1177, 2731). 

For an account of the derivatives, «cc Bargel- 
hni (Gazzetta, 1910, 40, ii, 342; 1911, 41, ii, 
612; 1912, 42, li, 351 ; Atti. K. Accad. Linoci, 
1911, [v], 20, i, 22; li, 18, 118, 183). The tri- 
methyl other has betin used by J. Reigrodski 
and J. Tambor (Ber. 1910, 43, 1964) for the 
synthesis of 2:3-dihvdroxyflavone. 

H YDROXYSTE AR I C AC I DS, a-Hydrory- 
stearic Acid^ 

CH3 [CHa]i5 CH(OH) COOH. 

Prepared by treating a-bromostoaric acid with 
aqueous potash. Separates from a mixture of 
benzene and light petroleum as a crystalline 
powder, m.p. 91-92° (C. Hell and il. Sadomsky, 
Ber. 1891, 24, 2391 ; H. R. Le Sueur, d.C.S 
1904, 86, 827). By heating to 270° it yields 
margaric aldehyde, CjflHgj-CHO, a lactide, 
CggHjgO^, formic acid and carbon dioxide 
(li Sueur, l.c.) 

P- Hydroxy stearic Acid, 

CH 3 [CHa]i 4 CH(0H)CH3 COOH. 

Prepared by treating j9-bromoBtearic acid with 
aqueous potash. Ciystallises from chloroform 
in white plates, m.p. 89° (Ponzio, Gazzetta, 1906, 
85,ii,670). 

y-Hydroxystearic Acid . — Exists most com- 
monly in the form of its lactone, 

XHj— CHj 

CH,[CHJ„CH( T 

\o CO 

'which is prepared by heating oleic acid with 
concentrated sulphuric acid at 80-85° for 6 hours, 
diluting with water and warming on a water 
bath ; it has m.p. 52-63°, and yields the acid, 
m.p. 89°, on heating with alkali and finally 
acidifying with hydrochloric acid (P. W. 
Clutterbuck, J.C.S. 1924, 125, 2330). 


C. G. Tomecko and R. Adams (J. Amcr. Chem. 
Soc. 1927, 49 , 522) by condensing aldehyde 
jsters of the general formula, 

CHO [CHj]x 'COOMe 

where x~7, 8, 9, 10, 11) with the Grignard re- 
agent, CHg-fCHgly/ MgBr (where 1 / = 8, 7, 6, 
", 4) have obtained the esters of the following 
hydroxys toaric acids, from which the pure acids 
re obtained by hydrolysis, 

:H 3 fCHjVMgBr+CHO [CHjjh COOMe 
-►CHa[CH3VCH(OH)[CH,]xCOOMe 

M.p., methyl 
M.p., acid. ester. 

8 or ^^-hydroxysteario acid . 74-76° 45-40° 

9 or i-hydroxy stearic acid . 81-82° 63-64° 

10 or #f-hydroxy stearic acid . 70-77° 49-60° 

11 or A-hydroxystcaric acid . 78-79° 60-51° 

12 or/i-hydroxystearic acid . 77-77-5° 62-52-5° 

t-Ilydroxystf arit! acid may also bo jireparcd 
by the action of sulphuric acid on oleic acid 
(Tseherbakow^ and Saizcw, J. pr. (3icm. 1898, 
[ 11 ], 57 , 27). At 100° it yields the anhydride, and 
oxidation with chromic ac-id in acetic acid con- 
verts it into sebacic, azelaic and traces of suberic 
and a liquid monobasic acid, together with i- 
ketostcaric acid, 

CH3-lCH3|,CO(CH.j3COOH, 

m.p. 70°. On distillatioii, i-hydroxystearic acid 
gives A*-elaidic and A^-tdaidic acids and ordi- 
nary oleic acid (Vesely and Majtl, (^hom. Listy, 
1925, 19. 345; BuU. Soc. chim. 1920, fivj, 39, 
230). 

K-IIydroxysteanc Acid, 

CHg CCHglg CHlOH) [CHaJg-COOH. 

Prepared by - the ae.tion of sulphuric acid on 
isoolcic acid, Shukow and Schest-akow (J. Russ. 
Phys. Chem. Soc. 1903, 35, 1) who give the m.p. 
as 84-85°. Oxidation with chromic acid gives 
sebacic acid, nonylene-at-dicarboxylio acid 
(m.p. 124°) and K-ketostcaric acid (m.p. 06°). 
X-IJydroxy stearic Acid, 

CH3-[CH3VCH(0H)-[CH3VC00H. 

This acid was obtained (A. Griin and M. 
Woldonbcrg, .J. Amer. Chem. Soc. 1909, 31, 490) 
by the reduction of the methyl ester of ricmoleic 
acid. 

Sativic Acid, obtained by oxidising linolcio 
acid is 8:9:1 l:12-tctrahydroxy8tearic acid, 

CH, [CH3VCH(0H)CH(0H)CH, CH(0H) 
CH(OH)[CH,VCOOH 

and has been shown to have this constitution 
(Reinger, Ber. deut. pharm. Ges. 1922, 32 , 124) 
by progressive elimination of hydroxyl groups, 
confirming A. Eckert (Monatsh. 1917, 88 , 1). 

Four isomeric (a- /3-, y- and S-) sativic acids 
have been prepared by B. H. Nioolet and H. L. 
Cox (J. Amer. Chem. Soc. 1922, 44 , 144). 

Mild treatment of oleio acid with alkaline 
permanganate gives ^-hydroxy-L-ketosteario 
acid and tf-keto-i-hydroxystearic acid (King, 
J.C.S. 1936, 1788). 
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0i-Dihydroxyflt«ario acid has been prepared 
by the oxidation of oleic acid with alkali hypo- 
bromite at 10-20° in the presence of salts of Ni, 
Co, Fe and Mn (IJ.S.P. 2033.538). 

Hydroxystearic acid from the hydrogenation 
of castor oil has been used in the form of its salts, 
Na, K, Ca, triethanolamine, etc., for the pre- 
paration of (‘iiiulsionH and creams (Fiero, J. 
Amcr. Phurm. Assoc. 1939, 28, 598). 

HYDROZINCITE. Hydrated basic car- 
bonate ol zirns ZnC03-2Zn(0H)2, containing 
Zn of common occurrence as an altera- 

tion product of other ores of zinc. It is found 
in the upper levels of most zinc mines as soft, 
snow-wlufo enerustations often in stalactitic, 
botryoidal or other forms. Large masses with 
11 n earthy or chalky texture arc not uncommon ; 
sp.gr. 3 ti-3-8. Much of the material often 
regarded as Binithsonitn (ZnCO^) is really 
hydrozineit-e, as shown by its lower degree of 
hardness (hardness 2-2^, that of smithsonite 
being 5) and the presence of water. Large 
(piantities have been obtained from the zinc 
mines of province Kantander in Spain, Jileiberg 
in Carinthia, Sardinia, etc. It has been observed 
as a mineral of recent formation in the old 
galleries of lead-zinc mines in North Wales. 
Analysis of material occurring as minute 
bladed (monoehnie) crystals at Narlarla, 
Western Australia, leads to the formula 
3ZnC03'4Zn(0H)2 (K. T. Pnder, JVlin. Mag. 
1941, 26, 60). 

L. J. S. 

HYDURILIC ACID, C8H30eN4,H20 or 
2H,0; 


^NHCOv 


XO NH 


CO; >CHCH. '^co 

^NH CO' ^CO NH/ 

was prepared (1) by Sehlioper (Annalen, 1845, 
60, 1 1 ), who obtained the acid ammonium salt 
together with alloxan by the action of nitric 
acid (sp.gr. 1-26) on uric acid. It is also pre 
pared (2) in the form of its ammonium salt by 
prolonged boiling of alloxan or alloxantin with 
very dilute sulphuric acid (Finch, ibid. 1864, 
132, 303) ; (3) by heating crystallised alloxantin 
under pressure at 170° when it is converted 
quantitatively into liydurilic acid, according to 
the equation 

2C8H407N.+ 6H,0= 

CfiH80eN,d-4NH3+[C00HJ2+2C0+4C0j 

or by similarly decomposing alloxan (Murdoch and 
Doobner, Ber. 1876, 9. 1102) ; (4) in the form of 
its acid ammonium salt by heating dialuric acii 
w'ith glycerol at 160°, formic acid and carboi 
dioxide being formed at the same time (Baeyer, 
Annalen, 1863, 127, 14 ; cf. Biltz and Heyn, 
Ber. 1919, 62 [B], 1298); (5), together with 
glycine and carbon dioxide by heating uric acid 
with twice its weight of concentrated sidphuri< 
acid (Schultzen and Filehne, ibid. 1868, 1, 150) 
(6) by oxidation of barbituric acid in aqueoui 
solution with potassium permanganate (Bilts 
and Heyn, l.e ,) ; (7) by reducing dibromobar 
biturio acid with hydrogen iodide (Baeyer, 
Annalen, 1864, 180, 133) ; and it is also formed 
to a small extent (8) by reducing alloxantin with 


lulphuretted hydrogen (Murdoch and Doebner, 
,c.) ; (9) by the condensation of ethyl ethane- 
etracarboxylate with urea in the presence of 
sodium cthoxide at 60-70°, or (10) by the hydro- 
ysis of ethanctetracarbonylguanide 

,NHCO^ .CONH^ 

NH:C< >CHCH< >C:NH.H„0 
^nhcq/ XONH^ “ 


ly means of dilute hydrochloric acid at 150° 
[Conrad, ibid. 1907, 366, 24; cf. Boeder, Ber. 
913, 46, 2560): whereas t'thyl cthanetetra- 
■aiboxylate and urea yield only a trace of 
lydurihc acid, dilhiohydurilic acid is readily 
Dbtained from the ester and thiocarbamide ; 
;hiH compound remains unaltered at 250°, and 
3an be desulphurised to hydurilic acid by heating 
,t 100° with concentrated sulphuric acid. Hyduf 
rilic acid is most conveniently purified by precipij- 
tating the sparingly soluble copper salt from a 
solution of the neutral ammonium salt, ana 
decomposing this with hot hydrochloric acid, im 
which the hydurilic acid is only slightly soluble! 
(Baeyer, Annalen, 1863, 127, iS). ' 

Hydurilic acid crystallises from hot water in 
small four-sided prisms contaimng 2H2O, or is 
precipitated as a fine crystalline powder con- 
taining 1 H gO by the addition of hydrochloric 
acid to a hot aqueous solution. It is sparingly 
soluble in alcohol or cold water, more readily 
so in hot water ; its heat of combustion is 
658*6 kg.-cal. (Matignon, Ann. Chim. Phys. 1893, 
fvi], 28, 328). 

Hydurilic acid bears the same relation to 
dialuric and barbituric aegis that alloxantin 
bears to alloxan and barbituric acid. Its con- 
stitution IS established by its synthesis from 
ethyl ethanetetracarboxylate and urea {v. supra), 
and also by the fact that on hydrolysis with 
concentrated hydrochloric! acid at 200-230° it is 
converted almost quantitatively into carbon 
dioxide, ammonia and succinic acid ; barbituric 
acid when similarly treated yields carbon 
dioxide, ammonia and acetic acid. 

Hydurilic acid is not attacked by reducing 
agents ; it yields alloxan and dibromobarbituric 
acid when treated with bromine water (Biltz, 
Heyn and Hamburger, Ber. 1916, 49, 662). 

Fuming nitric acid oxidises it into alloxan, 
whilst weaker acid converts it into nitrobarbi- 
turic acid (dilituric acid), t^onitroso barbituric 
acid (violuric acid) and violantin. Ferric chloride 
or silver oxide oxidises it to oxyhydurihe acid, 
which gives a blood-red coloration with ferric 
chloride. Hydurilic acid has marked acidic 
properties, and decomposes most metallic 
chlorides and acetates, yielding the corre- 
sponding hydurilate (for the basicity of the 
acid, see Biltz and Hamburger, ibid. 1916, 49, 
655). The heat of neutralisation of hydurilic 
acid with 2 mol. potassium hydroxide is 21*8 
kg.-cal. ; but on adding a further quantity of 
alkali (up to 16 mol.) there is a further evolution 
of 4*2 kg.-cal., thus pointing to the existence of 
a third very feeble acid function. The following 
salts have been described : the ammonium 
hydr^en salt NH4*C8H5O0N8, small octahedra, 
sparingly soluble, precipitated by acetic acid 
from solutions of the 'normal ammonium salt 
(N H4)2C0H4O0N4, which crystallises in needles 
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with 1 H.O or in large monoclinic crystals with 
4H,0, 1 

fl:fc:C=10821:l:0-7003. 

Sodium salt NajCgH40gN^,4H20 crystallises 
in prisms; acid potas&ium salt KCgH50.N4 
forms sparingly soluble microscopic needles ; 
the normal salt KjCgH^OjN^.SHjO is soluble 
and crystallises in prisms (Matignon). The 
calcium salts Ca(CgHgOQN 4)2.81-120 and 

CaCgHgOgN^.SHgO 

are ciy^stalline and almost insoluble ; the barium 
salt BaCgHgOgNg.HjO ; the zinc salts 

Zn(CgHg08N4)2 and ZnCgH40eN4.2H20 

arc ciy^stalline ; the copper salt 

CuiCgHgOeN^la.eHjO 

forms fine yellow needles or prisms, which 
l)ecome red on heating with loss of water. The 
silver salt is unstable ; the ferric salt is a dark 
green precipitate, and the formation of a dark 
green colour with ferric chloride is a character- 
istic reaction of the salts of hydurilic acid ; the 
ferrous salt is white becoming green ; the lead 
salt is insoluble in acetic acid. 

5:6'- DicMorohydurilic acid, 

.NHCO. /CONHv 

CO< >CCICCI< )CO 

^NHCQ/ ^CO-NH/ 

is obtained by the action of potassium chlorate 
on an intimate mixture of hydurilic and con- 
centrated hydrochloric acids (Baeyer, Annalcn 
1863, 127 , 20) ; a quantitative yield is obtained 
by chlorinating hydurilic acid in alcohol (Blitz 
and Hamburger, l.c.). It is a sparingly soluble 
powder, soluble in concentrated sulphuric acid 
and precipitated therefrom by the addition of 
water, in small rhombic crystals containing 
2H2O; it IS readily decomposed by alkalis 
yielding the metallic chloride. Hydrolysis to 
6-chlorobarbituric acid and alloxan occurs on 
boiling with water. The potassium salt, 
K2C8H20aN4Cl2,2H20, IS a sparingly soluble 
crystalline powder. The ammonium salt forms 
hydrated (2 -51-120), colourless or pale pink 
ciystals. The anhydrous salt is dark red, m.p. 
about 235'^, bt^coming discoloured at 140" (Bock, 
Ber. 1923, 56 \Bl 1222). 

5:5'- Diethylhydurilic acid is obtained from 5- 
othylbarbituric acid by oxidation with potassium 
permanganate in sulphuric acid. It crystallises 
with IHjO, m.p. above 310°. Concentrated 
potassium hydroxide gradually splits off am- 
monia ; heating with concentrated hydrochlorn 
acid at 210-240° results in hydrolysis to diethyl 
succinic acid (Aspelund, J. pr. Chem. 1933, [ii], 
186 , 329). 

5:5'-Dihenzylhydurilic acid is prepared similarly 
to the 6:6'-diethyl derivative. It crystallises 
with 2H2O, m.p. 316° (decomp.) (Aspelund, 
l.c.). 

5-Bromo-5'-methoxyhydurilic acid is formed 
on brominating hydurilic acid in presence 
of methyl alcohol; it crystallises in stout 
hexagonal tablets which decompose abovi 
360°; in presence of ethyl alcohol 5-hromo-5'' 
tihoxyhydurilic acid is formed which crystal 


lises in stout, elongated prisms decomposing 
ibove 360°: these compounds yield 5-meih- 
7xyhydurilic acid and 5-ethoxyhydurilic acid 
m reduction, which lose methyl and ethyl 
.Icohol respectively when hoat^ and yield 
iehydrohydurilic acid 

/NHCOv /CONH 

0O( ;C:C< CO, 

^NHCQ/ ^CO-NH 

lliltz, Heyn and Hamburger (ibid. 1916, 49 , 
362; ibid. 1919, 52 [B], 1298); cf. Baeyer, 
Annalen, 1863, 127 , 26), who found that 
hydurdic acid broke down under the action of 
bromine water inio dibromobarbituric acid and 
alloxan. 

Tetrapnethylhydurilic acid (deoxyamalic 
acid), CiaHi^OeN,; 

.NMe-CO. /CONMe. 

CO( >CH-CH<; >CO 

^NMe-CO^ ^CO-NMe^ 

is obtained by the dry distillation of amalic 
acid (Fischer and Reese, ibid. 1883, 221 , 339). 
or more conveniently by heating it in a sealed 
tube fi>r 3 hours at 180-185" (Matignon, Corapt. 
rend. 1893, 116 , 642) ; it has also been obtained 
by heating dimethylpscudouric acid with fused 
oxalic acid at 170° (Fischer and Ach, Ber. 1896, 
28 , 2473). Deoxyamalic acid is crystalline, has 
m.p. 260°, with decomposition, and can be dis- 
tilled, although with partial decomposition. It 
is almost insoluble in hot or cold water ; readily 
soluble in chloroform or acetic acid ; its heat of 
combustion is 1321*8 kg.-oal. (Matignon, Ann. 
Chim. Phys. 1893, [vi], 28, 327). Its chemical 
properties are similar to those of hydurilic acid ; 
it reduces ammoniacal silver nitrate solution on 
warming, and gives a beautiful green coloration 
with ferric chloride ; on gentle oxidation it 
yields a product that gives a blood-red coloration 
with ferric chloride ; but when oxidised by 
nitric acid it forms dimethylalloxan. 

5i5'-Dichlorofetramethylhydiirilic acid may be 
obtained by chlorinating tctramothylhydurilic 
acid in alcohol ; it forms transparent crystals 
with rectangular section, m.p. 266°. It is 
devoid of acidic proportios, Biltz and Hambur- 
ger (l.c.). 

5-BromO’5' -methoxy- (or ethoxy-) tetramethyl- 
hydurilic acid is formed on brominating tetra- 
methylhydurilic acid in presence of methyl or 
ethyl alcohol. The bromomethoxy-denvative 
forms elongated rhombic tablets and has m.p.* 
246-247° (decomp.) and the bromoethoxy- 
analogue forms elongated hexagonal tablets, 
m.p, 199-200° (decomp.). 

5'.5'-Dibromot>etrameihylhydurilic acid is formed 
by the action of bromino on tetramethyl- 
hydurilic acid in carbon tetrachloride in complete 
absence of water ; it ciystallises in snow-white 
lancet-shaped leaflets and yields alkyloxy-com- 
pounds on treatment with alcohols. It loses 
both atoms of bromine on beating at 140-180°, 
forming ietramelhyldehydrohyd urilic acid, a highly 
reactive compound which melts at 284°. 
With boiling methyl alcohol it forms 5-methoxy- 
tetramethylhydurilic aoid which crystallises in 
stout, four-sided prisms, m.p. 284° (decomp.). 
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6-AmiiU)tetramethylhydurilic acid, 
m.p. 295-300° (decomp.) is prepared by acting 

upon dehydrotetramethylhydurilir acid with 
aqueous ammonia ; it crystallises in silky 
rhombic leaflets. It is reduced by hydriodie 
acid and phospbonium iodide to l:^-dimethyl- 
uramiJ, and on broinmation in alcohol yields 
5:5-dibronio-l i.'l-dimcthylbarbituric acid. 

5-Methylaminoteirarnethylhydurilic acid crys- 
tallises m rhombic plates. 

^-AnilinolPtrarnethylhydiirilic acid has m.p. 
160-101° (decomp.) and forms an aniline salt 
CifiHieOeNp.NHjPh which molts at 134°. 

DeoAyainalie aeid has only two acidic func- 
tions ; the poia.s8iu7n, K, Ci.H.jO.N., and the 
sodium, N salts are sparingly 

Hohible (Matignon, l.c . ; Fischer and Ach, lx.). 

For tlie preparation of s-dirnethylhydurilic 
acid and derivatives, see Biltz and Hcyn (Bor. 
1910, 52 [B], 1298). 

M. A. W. 

HYGRIC ACID (v. Vol. Ill, 220a). 

HYGRINES {v. Vol. Ill, 225d). 
HYODEOXYCHOLIC ACID {v. Vol. I, 

imh). 

HYPACONITINE (e. Vol. 1, 122r). 

HYPAPHORINE (7-. Vol. 1, OSOd). 

HYPERSTHENE. A rock-forming mineral 
belonging to the orthorhombic series of the 
pyroxene group, and consisting of inetasilicate 
of magnesium and iron (Mg,Fe)Si 03 . With 
less iron it passes isomorphously into bronzite 
and evstatitc {q.v.). It is a common constituent 
of basic igneous rocks, especially norite. The 
very coarse-grained norite found as boulders on 
the coast of Labrador consists of labradorito (i;. 
Felhpab) and hypersthene, the former showing 
brilliant coloured reflections and the latter a 
bright coppery sheen. This material is there- 
fore sometimes used as an ornamental or precious 
stone. The mineral is opaque, with a dingy, 
brownish -black body-colour, and the metallic 
reflection is due to the presence of minute 
crystalline enclosures arranged parallel to one 
plane. Sp.gr, 3-4. 

L. J. S. 

“ HYPNAL.” Trade name for a compound 
of chloral and antipyrino which possesses the 
physiological properties of a mixture of the 
reactants. 

“ HYPNOCEN.” A trade name for diethyl- 
• barbituric acid. 

“ HYPNONE." Trade name for acetophenone, 
a moderately active hypnotic. 

HYPOXANTH I N E, Sarcinr, Vi-Oxyjmri ne. 


HN— CO 



HC 


N=C OH 
(!;'NH 


\ 


II {l 

N— 6 — N: 


CH 


This base was discovered by Scherer (Annalen, 
1850, 78. 328) in heart muscle and spleen. 
Strecker {ibid. 1858, 108, 129) isolated a base 
from the muscles of several animals which he 
called sarcine. It was subsequently shown that 
sarcine was identical with Scherer’s hypo- 
zanthino {see Salkowski, Biochem. Z. 1913, 55 , 


250; Yoshiraura, ibid. 1911, 87, 481). Hypo- 
xanthine has been isolated from a very large 
number of animal and plant tissues. It is, 
however, easily formed from adenine cither post 
mortem or in processes used for its isolation, and 
there is some doubt as to how much of the base 
obtained from the tissues represents preformed 
hypoxanthine. For the isolation from various 
ammal tissues, see also Heymann, Pfliiger’s 
Archiv. 1872, 6, 184; Salomon, Z. physiol. 
Chem. 1878, 2, 72; Ber. 1878, 11, 574; Kosscl, 
Z. physiol. Chem. 1881, 5, 162; 1886, 10, 268; 
Schindler, ibid. 1 889, 18, 432 ; Biiglia and 
Costantino, ibid. 1913, 88, 46; Smorodinzew, 
ibid. 1912, 80, 218; Bass, Arch. exp. Path. 
Pharra. 1914, 76, 40; from urine, Strecker, l.c . ; 
Salomon, Z. physiol. Chem. 1887, 11, 410; 
Kriigcr and Salomon, ibid. 1898, 24, 385; 
1890, 26, 356; and from fa*ee.s, Kriiger andj 
Schittonhclm, ibid. 1902, 85, 158. Hypoxanthine' 
has been found in beer yeast (Sehutzenberger, 
Chem. Zentr. 1877, 73), in fungi (Winterstein, 
Reuter and Korolew', Lundw. V^erauehs-Stat. 

1913, 79 80, 541-562), in hops (Chapman, J.C^S. 

1914, 105, 1895), in potato juice (Schulze, 
Landw^ Versuehs-Stat. 1882, 28, 111), in sugar 
beet (von Lippmann, Ber. 1896. 29, 2645), and 
in various plaids (Schulze and Boashard, Z. 
physiol, (’hem. 1885, 9, 420), Hypoxanthine 
has been istflated from stcain -heated soils by 
Schreiner and Lathroj) (J. Amer. Chem. Soi*. 
1912, 34, 1242) and Selireiner and Shorey 
(J. Biol, (lliem. 1910, 8, 385). 

Hypoxanthine is formed in the animal body 
during the breakdow^i of nucleic acids. In man 
adenosine (u doin' ne nucleoside) is first deamiiiised, 
forming inosinc (hypoxanthine imeleosuh') which 
is then hydrolysed giving hypoxanthine and a 
pentose (deoxyribosc or ribose). Jn some other 
mammals enzymes are available which provide 
an alternative path for the formation of hypo- 
xanthine. Adenosine is first hydrolysed giving 
adenine (6-aminopiirino) and jicntose, and the 
former is then deaminised by the enzyme 
adeiiase giving hypoxanthine. The o.xidation 
of hypoxanthine in the body is probably con- 
fined to the liver, W'hieh contains the necessary 
enzyme, xanthine oxidase, for the conversion of 
hypoxanthine into xanthine (2:6-dioxypurine) 
and uric acid (2:6;8-trioxypurine). The latter 
is excreted by man and the anthropoid ape but 
most other mammals oxidise it still further to 
allantoin. For details and literature, see Jones, 
“ Nucleic Acids,” Longmans, Green & Co., 1920, 
or Leveiie and Bass, ” Nucleic Acids ” (American 
Chemical Society Monograph 56), 1931. 

The structure of hypoxanthine has been con- 
firmed by syntheses. Fischer (Ber. 1897, 80, 
2226; G.P. 17673/1898) by heating trichloro- 
purine with normal aqueous potassium hydroxide 
obtained 6-oxy-2:S-dichloropurine, 

HN CO 

I 1 

CIC C— NH 

N- -N 

which he reduced to h 3 rpoxanthine by the action 
of hydrogen iodide. Hypoxanthine was ob- 
tained by oxidation of adenine with nitrous acid 


>CI 
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(KoHsel, Z. physiol. Chem. 1880, 10 , 258 ; 
Kriiger, ibid. 1894, 18 , 445). It can also be 
formed by reduction of uric acid with chloroform 
and alkali (Sundwik, ibid. 1897, S^, 476; 1898, 
26 , 131 ; 1912, 70 , 486). Traulw (AimaJen, 

1904, 331, 64) synthesised hypoxanthino by 
condensing ethyl cyanacctate and thiocarbamide 
in the presence of sodium ethoxidc. 4-Awmo-6- 
oxy-2-thiopyrimidine (I) is formed and gives an 
lAonitroBO derivative (II) which yields 4: 6- 
diamino-G-oxy-2-thiopyrimidine (III) on re- 
duction. 


HN— CO 

Hsi: in 

II II 

N~CNH, 


HS 


HN— CO 
C-NH, 


N— CNH, 

111 . 


HN— CO 

I I 

HSC C:NOH 

II I 

N— C:NH 
IT. 

HN— CO 
HSC CNH 




N— C— N> 
IV. 


CH 


By healing the sodiiun salt of the formyl 
derivative of this compound to 250°, 6-oa;^-2- 
thiopurine (IV) is formeMl. The sulphur is 
removed from this compound by heating at 
100° with 25% nitric acid yielding hypoxanthiiie. 

Hy]>oxanthii)e forms small eolourlesa an- 
hydrous crystals ; an unstable liydrated modifi- 
cation has also been observed (Micko, Chern. 
Zentr. 1904, II, 914). Hypoxanthine decom- 
poses without melting at 160° and dissolves in 
about 1,400 parts of cold (19°) or 70 parts of 
lioiling water (Fischor, Ber. 1897, 30 , 2226). 
It has both aeidie and basic properties, combin- 
ing with one equivalent of acid or with two 
equivalents of base. For dissociation constants, 
see Ogaton, J.C.S. 1936, 1713. 

Hypoxanthine Hydrochloride, 

CfiH.ON^ HCI,H20, 


crystallises in plates or needles ; the well-cry- 
stallised nitraie, C5H40N4H N03,H20 is 
readily soluble in water but sparingly soluble 
in the presence of nitric acid. Hypoxanthine 
picrate, C5H4ON4C0H3O7Ng,H2O, forms 
rhombic plates whicn (Bssolvo in 450-500 parts 
of water at room temperature (Kruger and 
Salomon, Z. physiol. Chem. 1898, 26 , 362). 
The phosphotungatate forms straw-coloured 
plates (Drummond, Biochem. J. 1918, 12 , 6). 
There are two crystalline aurichlorides, 

CsHgONgHClAuClg, 


m.p. 240-242° (decomp.), from dilute hydro- 
chloric acid solution and 


C 5 H 40 N 4 - 2 HCIAuCla, 

m.p. 269-262® (decomp.), from hot concen- 
trated hydrochloric acid (Hoppo-Seyler and 
Schmidt, Z. physiol. Chem. 1928, 175, 304). 
The silver aaU, C.H20N4Ag2,H20, loses 
^HgO at 100®; in the presence of excess of 
ammonia tHe compound ciystallises in needles 


with SHgO and loses 2’5H20 on drying at 120° 
for 2 hours (Bruhns, ibid>. 1890, 14 , 644, 566 ; 
Kruger and Salomon, ibid. 1898, 24 , 386). 

Some sparingly soluble derivatives formed with 
salts of metals have been used for the separation 
and estimation of the base. There is a crystal- 
line 7nerc unchloride, C5H40N4-HgCl2iH20, 
and a compound with silver nitrate, 

which crystallises from nitric acid solution. 
One part of hypoxanthine silver nitrate dissolves 
m about 4,960 parts of cold nitric acid (sp.gr. 
!•]). Hypoxanthine silver picrate, 

C5HaON4AgCflHa07N3, 

is precipitated from a hypoxanthine solution by 
sodium picrate and silver nitrate and forms 
microsiiopic lemon-yellow neeilles inHohihle in 
cold water (Bruhns, ibid. 18iH), 14 , 555). 

Hypoxanthine-d-glucoside crystallises in 
long needles, m.p. 245°, and has [ajjj’ — 34 5'' in 
A-sodium hydroxide and -f 12-92° in JV-hydro- 
chloric acid (Fischer and Helferich, Bcr. 1914, 
47 , 210 ). 

Bromohypoxanthine, C5H30N4Br,2H20. 

is obtained by the action of 1 mol. bromine on 
1 mol. hypoxttulhme at 120° or by oxidation of 
bromoadeniiie with sodium nitrite at 70"; it is 
Hjianngly soluble in cold water. By heating 
hypoxanthine with excess of bromine for 6 hours 
at 1 00- 1 60° brom oh ypoxanthineteirabromide 
hydrohromide, C5H30N4Br Br4'HBr, is oh- 
taineci (Kruger, Z. jihysiol. Chem. 1894, 18, 
449). 

Hypoxanthine Urethane,' 
C6H80N4C00Et, 

prepared from hypoxanthine and ethylehloro- 
(“arbonate, crystallises in sparingly soluble plates, 
m.p. 185-190° (Bruhns and Kossel, ibid. 1892 
16 , 1 ). 

Hypoxanthine forms a crystalline cotn- 
j)Ound with adenine, C5H40N4 C5H5N5,3H30 
(Bruhns, Ber. 1890, 23 , 226), and through the 
imino group in position 7 forms coloured deriva- 
tives with diazobenzene salts (Burian, ibid. 1904, 
37 , 696). 

Separation and Estimation. — ^Ifrom mixtures of 
the purine bases adenine and hypoxanthine can 
be separated by means of the sparingly soluble 
compounds with silver nitrate. After removal of 
lilver, adenine is precipitated as the very 
sparingly soluble picrate, and hypoxanthine is , 
precipitated from the filtrate by addition of 
ammoniacal silver nitrate (^ee Bruhns, ibid. 
1890, 23 , 225 ; Kossel, Z. physiol. Chem. 1883, 
8 , 404 ; Schindler, ibid. 1889, 13 , 432 ; Kruger, 
ibid. 1894, 20 , 170). Hypoxanthine and 

xanthine can be estimated in blood by oxidation 
to uric acid by means of xanthine oxidase (Cole, 
Ellet and Womack, J. Lab. Clin. Med. 1931, 16 , 
594). For microchemical estimations, ^ee Krebs 
and Orstrdm, Biochem. J. 1939, 83 , 984; 
Reifer, New Zealand J. Sci. Tech. 1940, 21 , 171. 

W. V. T. 

'* HYRGOL” Trade name for a preparation 
of colloidal mercury (Rosenthaler, Apoth.-Ztg. 
1926, 41 , 578). 

HYSTAZARIN (v. Vol. I, 222c). 



410 


lANTHINITE. 


I 


lANTHINITE. — Hydrous uranous oidde, 
2U0 j- 7H20, occurring as velvety crusts of 
fine needles on pitchblende, of which it is a first 
alteration product, in the Kasolo mine, Katanga, 
Belgian Congo, and also at Wolsendorf, Bavaria. 
The orthorhombic crystals arcj black with a 
violet or purple tinge and sub-metallic lustre, 
rieochroism is intense — dark violet to colourless. 
On expf)siire to air the mineral is altered to 
greenish-yellow uranic oxide, U03‘2H20, as 
b€,c.qv*reXite, or ftchoepite (A. Schoep, Natuur- 
wetensch. Tijds. 1920, 7 (for 1925), 97; 1927, 
9, 1 ; Ann. Soc. (tC^oI. Belgique, 1927, 49 (for 
1920), Bull. b 188, «310; Bull. Soc. beige 
G6ol. 1931, 41, 71 ; i\ Palachc, Araer. Min. 
1934, 19, 313). 

L. J. S. 

lANTHONE, CigH240, is a mixture of the 
twf) ketones, 

>CH CH:CH CO CH:CMe, 

b.p. 155-105'’ and 

XHa-CMe 

CH:CH CO CH:CMe2 

^CHa-CMea^ b.p. 100-172" 

obtained by the comlensation in presence of 
alkali of mesityl oxide with /3- and a-cyclocitml 
respectively, v, Vol. HI. 184?*. It is obtained 
together with ionone wdien citral and mesityl 
oxide are coiideiiscd in the presence of alkali 
and the jiroduct treated with an acid eon- 
densing agent (Durand and Huguenin, G.P. 
118288). It IS a light yellow oil, b.p. 162- 
172°/15 mm., (/2‘*0-9452, ca. 1-5376 (Haarman 
and Beimer, G.P. 127231). When diluted it has 
a characteristic odour of violets and orris root. 

I BOG A I N E . Tabernanthe. Iboga Baill., called 
1 boga or Aboua, grow\s in the Freiu h (^ongo ; 
it has long been known that extracts from this 
plant are used as a tonic by the natives. 
Dybow^ski and l^ndrin (Corapt. rend. 1901, 133, 
748) siKJceedod in isolating a crystalline alkaloid, 
ihogaim, from Iboga (yield 0 6-1 0%), but it is 
not quite clear whether this base is responsible 
for the oft’ect of the Iboga preparation. Almost 
simultaneously, Haller and Hockel {ibid, 1901, 
133, 850) found the base ibogine in this plant ; 
ibogine is probably identical with ibogaine. 

Ibogaine^ (Dybowski and Land- 

rin) or C2eHg202N2 (Hallor and Heckel) has 
probably the formula CggHjeONg (unpublished), 
colourless prisms, in.p. 149-152“ (from abs. 
EtOH), [alo -48-6° (in 95% alcohol). The 
base is soluble in EtOH, EtoO, CHClg, acetone 
and CgHg, insoluble in HgO. The hydro- 
chloride and the picrato (rod needles) are 
crystalline, other salts have not been obtained 
in crystalline form. 

Ibogaine is an indole base, but not a car- 
boline derivative (see Ha km aline) (unpub- 
lished) ; it forms salts with one molecule of a 
monobasic acid. For physiological activity, 
see cited articles and Lambert and Heckel, 
Compt. rend. 1901, 188, 1236; Bothlin and 


Raymond- Hamet, Ckimpt. rend. Soc. Biol. 1934, 
116, 1340. 

Schl. 

ICACO or Cocoa Plum. The fruit of 
Chrysobalanus icaco L., a native of Florida, the 
West Indies and the West Coast of Africa. It 
resembles a small plum (8 g.) and is used more 
commonly in the making of preserves than as a 
dessert fruit. Analytical data recorded by 
Chaco, Tolinan and Munson include : 

Total solids, 69 : protein, 0-46 ; acids (as 
malic), 0-13; reducing sugars, 4-1-5-1 ; sucrose, 
0-36; ash, 0-9(%). 

The ash of the pulp contains: KgO, 35-15; 
CaO, 5-84 ; MgO, 4-51; PjOg, 3-09; SO3, 
4-77; and Cl, 18-62%. 

A. G. Po. 

ICE COLOURS (Vol. IV, 227b). 

ICELAND MOSS (Otraria) is the dried 
lichen ('etraria idandirn Linn. 

ICELAND-SPAR (v. Vol. IT, 203c). 

ICE-SPAR (?». Vol. Ill, 4405). 

ICHTHAMMOL ICHTHYOL^'). Ich- 
thammol consists ( hicHy of the ammonium salts 
of the sulphoiiio acids prepared from an oily 
substance obtained by the destructive distil- 
lation of bituminous schists, together wuth 
ammonium sulphate and water. These schists 
contain the remains of fish and marine animals, 
and are found in the Tyrol and on the coasts of 
the Adriatic, in Switzerland and parts of Italy. 
The Seefeld district betw’^een Southoni Bavaria 
and Tyrol has long been noted for the crude 
iehthyol. lebthyol oils from Kashpir shale have 
been reported (E. V. Rakovskii and S. I. 
Sokolov, J. Appl. Chem. U.S.S.R. 1930, 3, 81). 

The oil usually contains about 10% of sulphur. 
As found in pharmacy, iehthyol eontains 5-7% 
ammonium sulphate, about 50% water, and 
about 1% of an cmpyreumatic oil. The British 
Pharmacopoeia lays down standards for the 
pharmaceutical product. 

H. Schoibler has purified the crude oil (Ber. 
1919, 52 [B], 1903), and has isolated 2-7i-butyl- 
thiophen from oil obtained from Achensee, and 
3-w-propyl- and 2-iaopropyl-thiophen from 
Seefold oil (H. Scheibler and F. Rettig, ibid. 

1926, 59 [B], 1198; Arch. Pharm. 1920, 258, 
70). 

iehthyol is soluble in water, partly so in alcohol 
(90%) and in ether. It is used as a mild anti- 
septic in skin diseases and also internally. For 
icbthyolic medicinal preparations, see Stadnokov 
(Amer. Chem. Abstr. 1928, 22, 3261). Biblio- 
graphy, U.S. Bur. Mines, Inf. Circ. No. 7042, 
(1938). 

I COS AN E (Ti-Eicosano), C2oH42i 
CH,[CH,]„CH, 

The hydrocarbon has been obtained in a high 
degree of purity from petroleum waxes (C. C. 
Buchler and G. D. Graves, Ind. Eng. Chem. 

1927, 19, 718). Synthetically, it may be pre- 
pared from n-decyl iodide and sodium (Krafft, 
Ber. 1886, 19, 2220), or by reducing eicosyl 
iodide with zinc and hydrochloric acid (Levene, 
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West and Van der Scheer, J. Biol. Chcm. 1916, 
20 , 526). Other methods include the reduction 
of ethyl-M-heptadecyl ketone with amalgamated 
zinc and hydrochloric acid in alcohol (A. Muller 
and W. B. Saville, J.C.S. 1926, 127 , 599) and 
the reduction of the compound, 

^ 13 *^ 27 ’^^ 0 *^ 13 * 

with phosphorus and hydriodic acid at 240'*C. 
(Krafft, Ber. 1882, 15 , 1717). 

Evidence from X-ray diffraction experiments 
indicates two crystalline modifications of the | 
hydrocarbon (Muller and Saville, l.c.) ; m.p. ' 
36-4° ; heat of fusion 14,680 cals, /mol. (0. S. 
Parks and H. M. Huffman, Ind. Eng. Chem. | 
1931,23, 1138); b.p. 220°/30 mm. (H. ProphMe, 
Compt. rend. 1926, 183 , 609), 205°/ 15 mm. 
(K. Ziegler, F. Dcrsch and IT. Wollthan, Annalon, 
1934, 511, 13), 14870-6 mm. (Levene, West and 
Van der Scheer, l.c.); wJJ 1-4173; 0-7417 

(Buchlcr and Graves, l.c.). For thermal data, 
see G. iS. Parks, H. M. Huffman and 8. B. 
Thomas, J. Amer. Chem. Soc. 1930, 52, 1032. 

Eicosyl bromide and l:20-eicosyl dibromidc as 
an iinseparatcd mixture were probably obtained 
by J. von Braun and E. Kamp (Ber. 1937, 
70 [B], 973) from the dicyclohcxyl ether of 
l:2-oicoBylglycol and hydrogen bromide. 

" ICYL " COLOURS (v. Vol. IV, 234a). 

ID>EIN. The or<ange-red fruits of the cran- 
berry {Vacciniiim vilu-tdrva Ji.) aie coloured 
with an anthocyamn which is closely related to 
chrysanthomin and eyanin (^.i’.), and to which 
the name idfcin has been given (Willstiitter and 
Mallison, Annalen, 1915, 408 , 15). The pig- 
ment was extracted from the skins of cran- 
berries by moans of acetic acid, and after pre- 
cipitation as the picrate was converted into the 
chloride (1-6 g. from 10-7 kg, of skins). G. M. 
and U. Ilobinson have obtained the same colour- 
ing matter from the leaves of the common beech 
{Fa{fus sylmtica). An extract of the leaves 
(collected at the end of May in Oxford) in 1% 
HCI was saturated with NaCI and the aiitho- 
cyanin taken np in isoamyl alcohol. Benzene 
was added, and the pigment re-cxtractcd by 
means of aqueous HCI. The aqueous solution 
was thoroughly extracted with ethyl acetate, 
and then the pigment was transferred to w-butyl 
alcohol after again saturating with NaCI. The 
alcoholic solution was mixed with light pc^troleum 
and the pigment taken up in the minimum 
volume of 1% HCI. A crude solid pigment was 
obtained by adding acetic acid and then ether, 
and repeating the precipitation in the same 
manner. The picrate was prepared, and then 
the chloride, by adding ether to a solution of the 
picrate in methyl -alcoholic HCI. The chloride 
crystallised at once when 5% ethyl alcoholic 
HCI was added to its concentrated solution in 
0-5% aqueous HCI. A hydrate of ideein chloride, 
CaiHa,0iiCI,2-6H20, crystallises from 6% 
HCI when alcohol is added to retard separation. 
The reddish-brown monoclinic prisms appear 
brownish-red to grey-violet under the micro- 
scope. The powdered salt is reddish-brown and 
melts with foaming at 210°. The salt becomes 
anhydrous when kept in a desiccator at the 
ordinary temperature. In solubility it differs 


markedly from cyaniii. It dissolves in 10 parts 
of water at 15° forming a brownish-red solution 
whieh becomes orange-red on dilution ; pseudo- 
base formation is observed only at high dilutions. 
It is easily soluble in 0-5% HCI, sparingly in 3% 
HCI and almost insoluble in 6% HCI. It is 
rather more soluble in sulphurir acid ; 0-03 g. 
dissolve in 100 c.r. of 7% sulphuric acid at 25°. 
From this solution characteristic rhombic 
plates of the sulphate (T}^stalliso on cooling. 
The chioride is easily soluble in alcohol with a 
bluish-red colour. The picrate, a brownish-red 
powder which under the microscope is seen to 
consist of carinine-rcil needles, dissolves in 30 
parts of boiling water but is vei-y sparingly 
soluble in the cold. Idteiii differs from eyanin 
in that with sodium carbonate or bicarbonate 
it gives a stable violet colour which is changed 
to blue only on adding sodium hydroxide. The 
blue fades to green and finally to yellow. The 
violet colour is restored when the blue solution 
is diluted (hydrolysis of the alkali salt of the 
colour -base). Ferric chloride added to the 
alcoholic sclution givc-s a bine colour, and this 
becomes ^ iolet on diluting. Lead acetate jirc- 
cipitates a blue lead salt from the alcohobe 
solution. Alum gives a very stable violet colour 
with the aqueous solution, and bismuth nitrate 
tt rCLldish-violet colour. The absorption bjkic- 
trum in 7% sulphuric acid consists of a broad 
band (grccn-bliio) which resembles that of 
eyanin but does not extend so far into the blue. 
The absorption spectrum in the visihlo region 
and the alkali colour reactions of idaun resemblu 
those of ehrysanthemin very closely, but the 
behaviour of the two pigments on distribution 
between amyl alcohol and aqueous acid is quite 
distinct. Ida'in is bxivorotatory. Hydrolysis 
by means of aqueous HCI affords cyanidin 
cMonde (I mol.) and galactose (1 mol.). Its 
behaviour on distribution between amyl alcohol 
and aqueous acid is that of a typical mono- 
glucoside. 

The structure of ida-in has been established by 
Grove and Robinson (J.C.S. 1931, 2722) who 
synthesised the colouring matter by condensing 
2-O-benzoylphloroglucinaldehyde (I) with w- 
tetra-acctyl-j3-galactosidoxy-2:4-diacotoxyaceto- 
phenone (II) by means of hydrogen clilorido, 
and obtained an acylated anthocryanin from 
which idmin chloride (III) was obtained by 
hydrolysis. 

OAc 

HO| " |OH 

JcHO 

OBz 
I. 



CH,OCeH7(OAc), 

11 . 
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IDEAL OR PERFECT GAS.— I. The 

behaviour of “ permanent ” gaBes can be repre- 
sented by certain empirical laws. 

(i) Boyle’s Law. — At constant temperature 
the product of the prcHBurr p and the volume V 
of a gafl is constant. pT ^constant. Tabic I 
Hhows how closely this law is ob(^yed in a number 
of cases. 

Taiilk J. 


GftH. 

rc. 

p. 

pv. 

Helium* 

0 

] -1)0000 

l-OOOOO 



6-01487 

1-00228 



8-95584 

1 00397 



12-46478 

1-00559 

Hydrogen'*^ 

0 

1-000 

1-0(K)0 


irrTjn 

1-0478 



164-193 

M078 



442-27 

1-3070 



1089-67 

1-7715 

IMibrogcii’* . 

0 

1-(KK)0 

1-(K)00 


19-0215 

0-99274 



37-9527 

0-98730 



52 2158 

0-98459 


where n is the number of molecules in volume V 
and Vq the molal volume of the gas at pressure 
, ana temperature Tq. 


Table II. 


Gas. 

V 

m. Hr. 

“o-10o“^97. 

^0-100° ^ B)7. 

Helium* 

0-508 

0-750 

0-967 


36608-6 

36607*9 

36607-3 

Krypton® 

0-862 

1-000 

36,916 

36,967 

36890-0 

Xenon" 

0-862 

1-00 

37,285 

37,395 

37202-0 


Kccsoin, van dcr Horst and Taconis, Comm. 
Leiden, 1934, No. 2.3()d, 

® Heuse and Otto, IMivsikal Z. 1934, 35, 57. 

• Heuse and Otto. ilnd. p. filiS. 


House and Otto found : — 


“o-Joo“^ 0 003mK)9+ 358 X 10-7 p - 
^o-ioo“=-t^‘^^3tU>09+290x HW p j 
and 


for krypton 


oo-ioo"- 0 0036009 | 785 X 10“ ’ 
0030609-f 593X 10-7 


P 

P 


^ for xenon. 


* Keosum and van Hantcn, Comm. Leiden, 1933, No. 
2271). 

* Michelfl, Nijhofr and Gerver, Ann. Physlk. 1032, 
12, 502. 

* Wlehels, 'Wouters and l)e Boer, Physlea, 1034, 1, 
587. 

(li) Charles' Law or Gay Lussac'sLaw. — 
This law relates the volume of a gas at constant 
pi'esBure to the temperature t of the gas : 

^V- 1\)(1-+ nO 

Combining this with (i) it lollows that at con- 
stant volume 

where Pq and p^ are the volume and the pressure 
of the gas when the temperature t is zero. The 
value of a clearly depends u}»on the scale on 
which the temperature is measured. If < is 

measured on the Centigrade scale -^273-l“c. 

a 

This value is not constant for real gases, and 
Table II shows values of a in a number of cases. 
A more useful scale of temperature can be 

obtained by setting ^ Making this 

T T 

substitution Pq— and Pf=Pop » where 

^273‘1°k. When the temperature t is 

a 

measured on the Centigrade scale, T is the 
abaolule temperature (Kelvin scale). 

(iii) Laws (i) and (ii) above can be combined 
to give pV=CTt where 67 is a constant having 
.PoVo 


the value 67= - 


If we take as our standard 


of quantity 1 mof. then 


pV^n^T. 


( 1 ) 


(iv) Avogadro’s Law states that under the 
same conditions of pressure and ttunporal ure tlui 
mohd volume of all j)crmant!nt gases is the same. 

Thus the term in equation (1) is a constant 

applicable to all permanent gases and is railed 
the gas constant, R. 

p\=-nRT. 

The value of R can be obtained from a know- 
ledge of the molal volume under some particular 
experimental conditions, c.flr. Tq 273-Pk. Po=^ I 

atmosphere, i>„^22-4 litres, hence R ^ 

litre-atm./“(3. mol. 

Values of R in Different Units. — R 1-987 
calH./°r. mol,, 8-314x 10’ orgs/^c. mol., 008205 
litre-atm./'^c. mol. Gases which obey exactly the 
law p P=toR 7^ are known as ideal or perfect gases. 

Exact obedience to this law over a wide range 
of temperatures and pressures is not found in 
practice even with gases which are most difficult 
to condense. The deviations from the perfect 
gas law are more marked in the case of gases 
which are more easily condensed. 

Mixtures of Ideal Gases. — Dalton’s Law of 
partial pressure states that in a mixture of ideal 
gases the total pressure P is the sum of the 
partial pressures pi of the constituent gases. 
P=2pi. The partial pressure pi of any con- 
stituent i is the pressure which would be 
exerted by that gas i if it were present alone 
with a temperature and volume equal to the 
temperature and volume of the mixture, 

II. Theemodynamtcs of a Perfect Gas. 

By definition a perfect gas is one for which 
the equation of state is 

pV^nRT, 
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The Energy E of a Perfect Qae is a function of 
the temperaWe only. 

/'BE\ /hP\ 

In general wc have j -P. 

But for a perfect gas 

\5//f V 

and hence (g)^=0. 


The IlecU Capacities C\, and Cp of a fixed 
quantity of a perfect gas are dependent only 
upon the temperature 


and hence 

The Heat Content H of a Pei feet Cas is a func- 
tion of the temperature only. 

In general we have V. 

But for a perfect gaa ’’ 

and henee 

The above two laws mean that for a perfect 
gas the Joule effect and the Joule -Thomson effect 
are zero. 

In the Joule cx})crimcnt a gas is expanded 
adiahatically and without doing any work. 
This process is in the case of real gases accom- 
panied by a temperature change. Since it is an 
adiabatic process and no work is done, tho pro- 
cess occurs at constant energy content and the 

( bT\ 

... i'-Tr£) 


T \h FA “ 8 P VSry r I Vr “ 

T V SPA 8P V ^Tjp SPJt 


The lielation between the Heat Capacities of a 
jierfcct gas 

/8//\ /6E\ 

Rut for a perfect gas 

Hence cp—r^, nR for n molecules of gas; 
or (Jp-Cv^R w'hero Cp and are the molal 
heat capacities. 

Compressibilities of a Perfect Gas.— 
7'he Isothermal Compressibility of a pcrfecit gaa 


The Adiabatic Compressibility Kg of a perfect gas 


\bVJ v 

\8FA ~(‘r 


_1/8F\ (\ 

V\lPA Cp'' 


which is zero for a perfect gas sin 


p-ra^ 


r) -0. 

\STjy 


Equation for Adiabatic Change of a perfect gas 


In the Joule-Thomson experiment the effect 
/'8T\ 

is measured by f gp ) no heat exchange 

occurs during the experiment. 


/SP\ _CpfhP\ 

vsKy's" tv Uka ^ 






which is zero for a perfect gas, since 


'•KS) 


SVo. 


See Table III for values of p for nearly perfect 
gases. 

Table III. — Joule-Thomson Effect for 
Nearly Perfect Gases. 


(I)-"- 


per atm. 


Helluni ’ (prcBBure 1-200 atm.). 
t“C. -190 -140 -.^iO 0 50 1.50 300 

p -0-37 -0-52 -0-69-0-60 -0 61 -0-62 -0-58 

Argon ^ (pressure 1 atm.). 

t“C. -170 -1.50 - .50 0 50 150 300 

p 3-01 1-75 0-58 0-42 0-21 0*18 U-002 

^ Hoebuck and Osterberg, Physical Kev, 1933. [ii], 
43, 60. 

« Idvm., ibtd. 1034, [li], 46»765. 


If Cp and C%, are independent of temperature 
(not necessary in the case of a perfect gas, see 
later) the integration of (2) loads to 

Poc v-y 

Value of y for a perfect gas ; >/--= -- - — . 

t/f> 

Ideal Gas — Kinetic Theory Definition. — 
On the basis of tho Kinetic Theory a perfect* 
gas may bo defined as an assembly of atoms or 
molecules botw'eeii which there is no energy of 
interaction and in which the volume occupied 
by the atoms or molecules is negligible with 
respect to the total volume of the assembly. 

The first of the above conditions means that 
the whole energy of the assembly is the sum of 
the kinetic energies of translation and of the rota- 
tional, vibrational and electronic energies of the 
individual molecules. The second condition 
moans that the free volume available for the 
translational motion of the molecules is equal 
to the total volume of the whole system. For 
real gases these conditions are only held over a 
certain pressure range and as the pressure on the 
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gas is increased deviations frum these ideal 
conditions will becfjme more; serious. 

As defined above, the heat rapacity of the ideal 
gas is not necessarily independent of tempera- 
ture. Some workers have defined a perfect gas 
not only as one obeying the law pV^nRT but 


also ol>eying 


(). 


In tcrinH of the alwve model this extra lon- 
dition IirnitH a perfect gas to an assembly of 
systems for whi(;h cpiaiitised clianges in the 
inlenial energy (rotational, vibrational and 
electronic) are not allowed. It is, however, 
sufficient to define an ideal gas as one olx^ymg 
the law /j K- riRT and this law can be derived 
statistically or kinetically on the basis of the 
4ibove conditions of an ideal gas. 

M. G. E. 

IDENTIFICATION OF DYES ON 
TEXTILE FIBRES (v. Vnl. IV, l47/i- 
I7rx). 

IDITOL(e. Vol ]I,29()fZ). 

IDOCRASE or VESUVIANITE. A 
mineral consisting of a complex silicate of cal- 
cium and aluminium, together with iron, mag- 
nesium, water, fluorine, boron, etc. E. W. 
Clarke’s formula is R'4AljjCa7Sifl024, where 
R' 4 — -Cag, (AlOHlg, H4, etc. Crystals are 
tetragonal and usually green or brown in colour ; 
sp.gr. 3 35-3*45, hardness 6^. The mineral is of 
coraiiion occurrence in contuet-mctamorphic 
rocks, particularly crystalline limestones. Lus- 
trous, brown crystals are common at Monte 
8omma, Vesuvius (hence the name vesuvianite). 
Grt^cn crystals from Ala in Piedmont are <‘ut as 
gems at Turin. A compact, massive variety, 
califormte (Kuiiz, Amcr. .f. Sci., 1903, |ivj, 16, 
397), has lieen found abundantly as blocks and 
boulders, measuring up to (i by 3 feet, at several 
places in California (Siskiyou, Butte, Fresco and 
Tulare counties), and is used as a gem -stone 
and for larger ornamental objects. It is some- 
what translucent, takes a high polish, and ranges 
from bright green to yeUowish-grcen and white 
in colour, thus closely resembling jade in appear- 
ance (D. B. Sterrett, Min. Res. U.S. Geol. 
Survey, Annual Reports for 1909 and 1910). 

L. J. S. 

IDRYL (v. Vol. V, 269c). 

“ ICLODINE.” Triiodoethylpheiiol. An anti- 
septic (Iglodine, N ewcastle-on-Tync). 

, IGMERALD {v. Vol. IV, 2796; V. 513a). 

I G NOTINE {v, Vol. IT, 392c). 

ILEX VOMITORIA, Alton. The leaves 
of this tree, growing in the South Eastern States 
of America, have been found to contain notable 
amounts of caffeine ; the jiercentage obtained 
from ten samples from different localities varied 
from 1-66 to 0-40 (F. B. PowtM* and V. K. 
Chesnut, J. Amer. Chem. Soc. 1919, 41, 1307). 
The leaves are used by the Indians under the 
name of Yaupon as a stimidant. 

ILICYL ALCOHOL (v. Vol. I, 692<2). 

ILLINIUM. II. At. no. 61; at. wt. 147 
(approx.). 

J. A. Harris and B. S. Hopkins by fractionally 
ciystaliising the magnesium double nitrates of 
the ceria earths were able to secure a con- 


centration of element no. 61 between neody- 
mium and samarium. The amount present was 
insufficient to make its detection certain by 
X-ray spectra and attempts to identify it by its 
absorption bands w ere complicated by the fact 
that neodymium and samarium both exhibit 
broad bands capable of masking those due to 
no. 61. In separations of these earths made 
through the bromates, terbium and gadolinium 
come between no. 61 and neodymium and 
samarium respectively. Terbium has but one 
absorption band while gadolinium has none. 
It thus Ixcamc possible to observe strong bands 
at 5839, 581() and 4.520a., and two fainter bands 
all attributed to element 61 ; X-ray emission 
spectra of the samples showing ihese bands gave 
lines corresponding w ith the calculated positions 
for Lttj and of no. 61 . To the element thus 
indicated, the name “ illinium ” was given 
(.1. Amcr. Clicm. Soc. 1926, 48, 1585, 1594). 
Rolla and Fernandes (Gaz/.etta, 1926, 56, 435) 

( laimed priority for the discovery of element 61 
to whicJi they gave the name “ llorentium.” 

(brk, James and Fogg (Proc. J'Jat. Acad. Sci. 
1926, 12, 696), working on similar lines to Harris 
and Hopkins, examined the neodymium cori- 
eentrates from larg(‘ (iiiuntitics of monazite sand 
since su<h concentrates might be expected to 
carry most of the illinium. X-ray spectra of the 
Iractions revealed in some ol them the Ti series 
of element 61, tlic scvi'n strongest lines being: 
ajj- 2*289, tti - 2*279, /9^-2 078, j83-2 038, 

jS.--- 1*952, yi - 1*799, yg- 1*725. The amount of 
illiiiiiiin oxalate estimati'd as being present in 
the fractions was from 1-1*5%. 

Determinations of the basicity of the element 
by fractional pr(‘ciy)itation with sodium nitrite 
places it after neodymium and before yttrium 
in the series Pr, Nd, II, Y, Sm (Huglies and 
Hopkins, ,1. Amer. Chem. Soc. 1933. 65, 3121). 

In si>ite of all the foregoing work illinium docs 
not yet figure in international tables of atomic 
weights ami it is doubtful if the salts have been 
obtained suffieiently jiure to establish definitely 
the individuality of the clement. Indeed, 
Jensen (ISaturwiss. 1938, 26, 381) has suggested 
reasons for questioning whether element no. 61 
can exist as a stable nucleus. 

G. R. D. 

ILLIPE BUTTER {v. Vol. T, 65, 3e). 

ILLIP£ NUTS(i'. Vol. 11, 31t/, 32tt). 

ILLI PENE (r. Vol. 1, 653(/). 

ILLURIC ACID (r. Vol. Ill, 3386). 

ILLURIN BALSAM (r Vol. fll, 3386), 

ILMEN I TE, or Titaniferous Iron-Ore. A 
common mineral with approximately the 
formula FeTiOg, but of variable composition. 
Analyses show TiOg 22-59, FeO 20-46, FCjOg 
1-59%. In its rhombohedral crystalline form 
it show s a close agreement with heematite, and 
it has consequently, until recently, been regarded 
as an isomorphous mixture of ferric oxide and 
titanium sesquioxide, the formula being written 
as an oxide (Fe.TiljOj. The discovery of the 
rhombohedral titanates of magnesium and 
manganese, geikieliU (MgTiOs) a.nd pyrophanite 
(MnTiOg), and the frequent presence of mag- 
nesium (and manganese) in ilmenite, suggest, 
however, that the mineral is really a titanate of 
ferrous iron, FeTI03 (S. L. Penfield, Amer. J. 
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Sci. 1897, [iv], 4» 108). In the variety pitro- 
ilmenite a considerable amount of iron is replaced 
by magnesium, the formula then being 
(Fe,Mg)Ti 03 (T. Crook and B. M. Jones, Min. 
Mag. 1906, 14, 105). 

Ilmenite is black with a sub-metalhc lustre, 
and often a smooth and lustrous conchoidal 
fracture, sp.gr. 4-5-6 ; hardness 5-6. The massive 
mineral somewhat resembles magnetite in 
appearance, from which it Is readily distinguished 
by its feeble magnetic character. It is of con- 
stant occurrence as isolated grains in the more 
basic igneous rocks (gabbro, diabase, basalt, 
etc.) ; and in certain instances it forms rich 
segregations in such rocks. Enormous deposits 
of ilmenite are found under these conditions at 
several places in Norway, Sweden, Canada and 
the United States. With the weathering and 
breaking down of these igneous rocks, grains of 
ilmenite {munaccanitf^ from Maiiaccan in Corn- 
wall) collect ui the beds of streams and on the 
sea-shore, sometimes forming considerable 
deposits of “ black iron-sand.” 

Although large deposits of ilmenite are 
available for mining, the mineral has not yet 
found any important applications. It lias been 
used for the preparation of titanium paints and 
enamels; and in the future it may be more 
utilised lor the manufacture of titanium -steel, 
which possesses great ductility and a high limit 
of elasticity . {Sec .1. T. Singewald, The Titani- 
ferous Iron Ores of the United States, their 
Composition and Economic Value, U.S. Bureau 
of Mines, 19i:i, Bull. 64.) 

L. J. S. 

ILVAITE, Lievrite or Yenite. Acid 
silicate of iron and calcium, 

HCaFej Fe^'SijOg, 

crystallised in the orthorhombic system. It 
contains theoretically FeO 35-2, Fe .203 19-6% 
(Fe 41%), hut the ferrous oxide is partly 
replaced by an equivalent amount of manganous 
oxide (up to 8-6%). Sp.gr. 3-9— 4-1, hardness 
5^—6 ; gelatinises with hydrochloric aeul. The 
mineral is found somewhat abundantly as 
brilliant black crystals and as compact masses in 
the iron mines at Rio Marina and ("ape Calamita 
in Elba. It is also known from Cainpiglia Marit- 
tima in Tuscany, Hebron in Nassau, British 
Columbia, Greenland and Japan. 

L. J. S. 

IMIDES (v. Vol. 11, 371a, 375c). 

IMINES. The imines are compounds in 
which the oxygen atom of a carbonyl group is 
replaced by NH, thus forming aldimines and 
ketimines from aldehydes and ketones respec- 
tively. Ketimines are often termed ketimides 
in the literature. 

The substituted aldimines are known as ' 
Schiff’s bases, but the unsubstituted aldi- 
mines have been isolated in a few cases only. | 
'Busch (Bor. 1896, 29, 2136) isolated benzald- ! 
imine hydrochloride, CgHg-CHiNHHCI, by! 
treating a benzene solution of the compound 

^N«=C = SN:CHPh 


with hydrogen chloride ; also {idem. ibid. 1896, 
29, 2144) by adding a saturated alcoholic solution 
of hydrogen chloride to hydrobenzamide in dry 
benzene at 5°C. 

A, Hantzsch and F. Kraft {ibid. 1891, 24, 
3517) obtained the ketimine of bcmzophenonc by 
converting the ketone to the dichloro-compound, 
and treating this with urethane to obtain 

PhgC:N-COgEt, 

which was decomposed by hydrogen chloride 
to give the ketimine hydrochloride. To obtain 
the base they passed dry ammonia into a 
chloroform solution of the hydrochloride, filtered 
from the pit^cipitatcd ammonium chloride and 
removed the chlorolorm in vacuo. 

Iminoacetoacctic ester may l>e prepared by 
the action of ammonia upon accLoacetic ester. 
Tlie ketimine is tautomeric with /S-amiuoacrylic 
acid ester. See K. von Auwers et al., on ket- 
iminc-cnamine tautomcrism {ibid. 1930, 63 [B], 
1072; 1931, 64 [B], 2758). 

J. F. Thorjjo and his coUoagues investigated 
reactions of the type 

EtOgC-CHg CN + CHNa(CN)C02Et 

Et02C CHaC-CNa(CN)COaEt 

NH 

(Thorpe, Baron and Remfry, J.C.S. 1904, 85, 
172(]). 

For a summary of the Thorjie reactions, see 
Linstcad, ibid. 1941, 453. 

Trichloroacct-onitrile, in the ‘ presence of 
aluminium <-hlorido, condenses with toluene, 
mesitylenc, tetralino, phenol, l:4:5-xylenol, 
3:6-dimcthylani8ole, thymol and carvacroi to 
give the corresponding ketimines (J. Houben 
and W. Fischer, Ber. 1930, 63 [BJ, 2466). 

G. Migiionac (Chem. Zentr. 1935, 1, 1201) 
attempted to prepare the aldimine by catalytic 
reduction of the nitrile or oxime and by dehyio- 
genation of the amine, but was unable to isolate 
the free base ; he was more successful in the 
preparation of ketimines, e.g. phenylnaphthyl- 
ketoxime gave phcnylnaphthylketimine, m.p. 
68-69'^C. 

Substituted ketimines may be prepared from 
the ketone and the sodioamine (IT.S.P. 1938890 ; 
Chem. Zentr. 1934, T, 3801). 

“ IMOCEN . ' * “ Eiko7wyen ” {g.v.) modilied by 
the introduction of a second amino-group ; used 
as a photographic developt^r. 

IMOGEN SULPHITE was an Agfa 
preparation said to consist of eikonogen mixed 
with sodium sulphite. 

I M PER I ALINE {v. Vol. V, 330a). 

INCARNATRIN {v. Vol. Ill, 207a). 

INCONGRUENT MELTING-POINT. 
— When two substances A and B form a com- 
pound of the general type AxBy which, however, 
is BO unstable that it decomposes completely at a 
temperature below its melting -peunt, the phase- 
^quihbrium diagram for the system is that shown 
m the figure; the compound as illustrated in 
this case is a 1 :2 compound ABg. This diagram 
refers to the “ condensed ” system, i.e. only 
solid and liquid phases are consider^. A and 
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B represent the melting 2 )oint 8 of the pure 
Bubstancos A and B reaf^ectively, and C repre- 
Benta the eutectic, the temjwraturo below which 
no liquid phase ran exist. At a temperature E 
below its hypothetical melting-point D, the 
compound ABg dissociates completely into 
liquid and the pure component B. The point E 
is called the tncomjrucni melting-poird of the 
compound. It differs from a true melting- 
point ill tliat the solid and liquid phases in 
e([uilihr]uin ^vith one another at this tenijicrature 
iin* ol different composition. At the point E 
the condensed syHtem is invariant, i.e. the 
temjieraturc* ol K is fixed, since there are two 
soluJ phases, Alig and pure B, and one liquid 
jihase ill ecpiihbrium. Hence if a liquid of 
eonqiosibion K is cooled, the solid which sejia- 
rates first is B, and when the temperature falls 
to E, formation of the solid AB^ begins. The 



temiKirature then reiiiaiiis constant at E until 
one of the phases (cither solid B or the iKpiid 
lihaso, depending on whether E is to the left or 
the right of D) disappears, yielding cither solid 
ABg 4* liquid or solid B f Bolid ABg. This 
arrest in the cooling curve at the iiicoiigruent 
melting-point is very Bimilar to the phenomenon 
observed at the transition point wlien a sul 
stance exists in tw^o enantiotropic forms {i.e. 
two modifications each of w hich is stable over a 
certain range of temperature and pressure and 
which undergo reversible transformation of one 
into the other under fixed conditions of tempera- 
ture and pressure). For this reason the point E 
is frequently referred to as a transition point. 
The tw'o cases can, of course, easily be distin- 
guished by an examination of the solid phases. 

For m.p.-composition diagrams of othe 
binary mixtures and compounds, see Vol V, 
242d, 260c. 

G. C. H. 

INDACONITINE {v. Vol. I, 122d). 


INDAMINES and INDOPHENOL8 are 

coloured compounds containing the chromo- 
phore system (I) where X is either NH or O : 



I. 


In the specific instance (I), the colour is assumed 
to be due to resonance betw'ecn the molecular 
structure as depicted and alternative structures 
involving ring (ii) in a qiiinonoid system (Bury, 
J. Amcr. Ghoin. Sue. 1936, 57, 2115). The dye- 
stuffs of this group, usuaUy blue-green to violet 
in rolour, contain at least one basic auxochromic 
group in o- or p-positions in ring (li) so that 
“ normal ” indopheiiols (or more precisely 
“ indoanilines ”) (II) and “ acid indoplulnols 
(III) wdiich are wholly iihcnolic in nature fnay 
be envisaged. A 

0 '.{' N— f 

W__/ \ / 

II 


O:' N—/' \oH 

\._ / 

III. 

IJiatorical . — Although an impure iiidamino 
had been obtained as an intermediate in the 
preparation of safraniiic and probably even 
earlier by oxidation of aniline alone, the first 
pure preiiaraiion was achieved by Witt (Ber. 
1879, 12, 931 ; J.C.S. 1899, 75, 356) by the 
interaction of the hydrochloride of ja-ni'troso- 
dimethyluniline and w-tohiylenediamiiio. The 
first representatives of the “ acid ” indojihenols 
were obtained by Ilirsch (Ber. 1880, 13, 1909) 
by the condensation of quinone chlorimide with 
phenols in concentrated aul]ihiiric acid (r/. also 
Mohlau, ibid. 1883, 16, 2846). Owing to their 
fiigitivcncss towards acids indophenols are of 
little value as dyestuffs, hut commercial in- 
dophenol {v. infra) and others of its class may 
be applied as vat dyes as they readily yield 
leiico-derivatives (substituted diphcnylammes) 
and, moreover, yield with indigo a mixture 
w hich simulates in many respects indigo itself — 
owing, probably, to chemical association of the 
two dyestuffs. This vat blue has now, however, 
been largely rc^ilaced by synthetic indigo and 
sulphur colours ; many of the latter are directly 
obtained from indophenols which have thus 
assumed some renewed importance. Indo- 
phenols arc also of value as intermediates in the 
dye industry. They also afford a ready source 
of diphenylamine derivatives. 

Preparation. — (a) By condensing nitroso- 
amines or nitrosophenols (quinone oximes) with 
amines or phenols. Thus ^i-iiitrosodimethyl- 
anilino affords with dimethylaniline Bind- 
echedler's Oreen (IV) or with a-naphthol Indo- 
phenol Blue (V). 
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NMe, 


IV. 



(b) Indophenols and indamines are obtained 
by oxidising mixtures ofp~diainines orp-amino- 
phenols with bases containing a free position 
para to the basic group ; suitable oxidising 
agents arc manganese dioxide or lead peroxide 
(Nietzki, ibid. 1895, 28, 2969) or potassium chro- 
mate or dichromatc in neutral or acid solution. 
In this way anihne and ^i-phenylenediamine 
yield the simplest indamine, Phenylerte Blue 
{v. infra). 

(c) Many indamines and indophenols are 
obtainable by processes recalling (5) but in 
which the oxidation has been effected prior to 
condensation. Thus quinonechloroimideB and 
aromatic bases yield indophenols : 

CeHCl3(:0):NCI 4 CflHg NMe^ 


thus the product of the reaction between m- 
toluylenediamine and formaldehyde bisulphite' 
compound is condensed with p-nitrosopheiiol 
and finally oxidised and the indophcnol heated 
with sulphur and sodium sulphide to give 
Thionol Purple (B.P. 24008, 1906). The readi- 
ness with which indophenols are reduced makes 
them valuable indicators in the determination of 
oxidation-reduction potentials, particularly in 
bacteriological and other biological systems {see 
L. F. Hewitt, “ Oxidation-Keduction Potentials 
in Bacteriology and Biochemistry,” 2nd ed., 
I.rf)ndon, 1933). 

The following account includes the more 
important commercial dyestuffs and inter- 
mediates of this type : 

Phenol indophemd 

HO(^ V_N=/ \o 

is of no direct importance but on treatment with 
sulphur and sodium sulphide yields a fast dye 
resembling indigo (Fierz- David, “ Kunstliche 
organischc Farbstoffe,” J. Springer, Berlin, 
1933). 

Aniline indoaniline, 



-HCI+NMe,/ 



whilst “ acid ” indophenols are formed when the 
second component is a phenol. Dichloroimides 
react with phenols to give more complex indo- 
phenols in which three nuclei may be regarded 
as comprising the chromophore : 

P-C.H4(:NCI)2+2C3H6-0H 

j 


Phenylene Blue^ is prepared by oxidising an 
equiraolecular mixture of p-phenylenediamine 
and aniline hydruthloride with cold aq. potas- 
sium dichromatc (Nictzki, ” Chemie der orga- 
nischen Farbstotte, ”5th ed., Brylin, 1 906, p. 2(K)). 
The hydrochloride crystallises in green needles 
which dissolve in water to a greenish -blue solu- 
tion. In acid solution Phenylene Blue is 
moderately rapidly hydrolysed to benzoquinone 
and possesses therefore little stability. It is 
converted by boiling with aniline hydrochloride 
solution into Phenosajranine : 



Indophenols of these simple types are often 
formed as intermediates in the production of 
phenazine, oxazine and thiazine dyestuffs (c/. 
Eichler, Monatsh. 1937, 70, 73), and others such 
as carbazole indophenol (v. infra) have found 
particular application in the manufacture of 
sulphur colours. 

Properties . — Most indophenols are blue or 
green in colour, their simple salts being soluble 
in water. Such solutions have little direct 
affinity for vegetable fibres and their limited 
direct application is due to their ability to take 
up two atoms of hydrogen with formation of 
leuco- compounds which may be re-oxidised to 
the dyestuff. Indophenol itself has been used 
.in this way in association with ini^o. These 
dyeings are fugitive to acids as indophenols 
readily undergo fission into p-quinones and thus 
their more important application lies in their 
further conversion into sulphur colours. Oc- 
casionally it is advantageous to B 3 mthesise the 
leuoo-compouhd and subsequently oxidise it; 


MU .un 



Phenol indo-o-toluidirtef 

ho / N=<' >:NH 

• Me 

reduced by direct condensation of o-toluidine 
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with j]-nitro8ophenol (U.S.P. 727387), is the 
Hource, after fusion with sodium sulphide and 
sulphur of the cotton d^'estuff Thionol Blue. 
Phenol indomcthylnniline^ 



is, after sulphonation, converted into an indigo- 
like dye by fusion with sulphur and sodium 
sulphide (G.P. 129024, 129325). 

Phenol i ndo-i -ethylaminO’O-toluidine, 


An ill-defined indamine used for the prepara- 
tion of coloured lakes and cheap coloured papers, 
etc., is obtained by oxidising l:2-naphthalene- 
diamine sulphonic acids (G.P. 224442) which 
contain halogen in the 8-position (G.P. 431943) 
with ferric salts. These yield particularly 
bright shades of green on incorporating yellow 
azo-dyestuffs. 

The indophenol obtained from p-nitroso- 
phenol and a-naphthylamine is the source of 
Suldura Green. 

Carbazole indophenol, 

NH 


Me 



yields on fusion with sulphur a bright purple 
dyestuff of value in dyeing and printing cotton 
(D.S.P. 829740). 

Tetraniethylphenyhne Blue, 



Bindachtdler's Green (Bindschedlcr, Ber. 1880, 
13, 208; 1883, 16, 805), is obtained by 

condensing p-iiitrosodimethjdaniline with 
(limethylaniline (r/. also Wiclaiid, ibid. 1915, 
48, 1087). The commercial dyestuff usually 
consists of its double salt with zinc chloride. 

Toluylene Blue, 


Me 



NH| 


is formed on oxidising p-dimcthylaminoanilitic 
and ra-toluylencdiamine (Witt, Her. 1879, 12, 
931 ; G.P. 16272). The inonohydrochloridc 
crystallises in bronze-coloured crystals. 
a-Naphthol Blue, 



N=- 


<:> 


:NMeoCI, 



is the dye obtained by condensing p-nitrobo- 
phenol with carbazole in concentrated sulphuric 
acid at 1> 30° (G.P. 230119; U.S.P. 9195^, 
931598, 1*105853) or by oxidi.sing carbazole ai^d 
p-aminophenol in sulphuric acid with inangano^o 
lioxidc. 

(’arbazole Indophenol forms a dark violet 
jiowder, insoluble in water, and is the source of 
sulphur colours (G.P. 218371) such as Hydro 
Blue R (U.S.P. 950348). The corresponding 
chloromdojihcnols derived from chlorocarbazoles 
or chloro-p-nitrosophenols are claimed to yield 
sulphur colours faster to bleaching (G.P. 
235364). 

The corresponding halogcno-N-ethylcarbazole 
indophenol is prepared similarly and converted 
by boiling with sulphur and sodium sulphide in ' 
alcohol into Sulphanthrene Blue G (G.P. 222640, 
235364). Similar products from benz- and 
naphtho-carbazoles and nitroso-phenols or 
-cresols have also been described (F.P. 818684). 

The sulphur colours obtained from the com- 
plex indophenol, 



prepared from p-nitrosophenol and dijihenyl- 
amine at —20°, is the subject of patent claims 
(U.S.P. 1777757). More complex compounds of 
the type 


(R'O)^ or 2 a^yl’NR aryl N = 



;0 


is prepared commercially by reducing p-nitroso 
dimethyl aniline and condensing the resulting 
amino -compound with a-nnphthol in warm 
caustic alkali, finally oxidising the leuco-com- 
pound at 0° to -f 2° with sodium hypochlorite 
(Witt, J.S.C.I. 1882, 1, 255; G.P. 16915, 
18903, 19231). The free dye, which separates 
as a dark brown powder, is almost invariably 
applied as a vat dyestuff (e.g. in cotton printing) 
and hence is found on the market as the tin 
salt of its leuco -compound (Indophenol White). 
It is still more frequently used as a vat mixture 
with indigo, but its most important use hos in 
the production of the sulphur colour Thio- 
phorindigo. 


where R'^H or alkyl and R=alkyl or cyclo- 
alkyl yield greenish-bluo sulphur colours (B.P. 
467920). 

Another type of indophenol is obtained by 
replacing the hydroxyl group in a 6- or 8- 
arylamino-2-hydroxy-3-naphthoic acid by an 
indophenol residue, followed by loss of carbon 
dioxide and oxidation of the leuco- compound 
(B.P. 334700). 

In addition to the above well characterised 
indophonols more drastic oxidation of aromatic 
bases containing a free position p- to the amino- 
residue gives rise to still more complex struc- 
tures which may be regarded however aa con- 
taining the indophenol ^romophorio nucleus. 
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Thus oxidation of aniline with chlorie acid in nuclear Emeraldine (Green and Woodhead, 
presence of vanadium salts affords the octa- J.C.S. 1910, 97,^88 ; 1912,101,1117); 



Emeraldine is further oxidised by hydrogen peroxide to Nigranilirie : 












and linally to Pernigraniline. : 




,N: 


l;N' 



In accordance with the proposed ciuiiioneiminc 
structure (Literalure : See Schultz, Farbstoff- 
Tabellen, 7th ed., I, G19) these are unstable 
towards acids, and for the stable Aniline Black 


a structure is assuinod in which alternate imiiio 
residues have liecome members of phenazine 
systems : 


\ 
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INDANTHRENE COLOURS (v. Vol. I, 
414-427). 

INDANTHRONE (e. Vol. I, 411(/, 414f0. 
INDAZINE {v. Vol. 1, r»77c). 

INDENE, CjHg 


is a liquid hydrocaibon of growing industrial 
importance. It occurs as a constituent of coal- 
tar naphtha, being contained chiefly in the 
fraction of b.p. 175-1 85*^’, and in derived products 
such as coal gas and carburetted water-gas 
(Dennstedt and Ahrens, Ber. 1H94, R27, 602) 
which may contain as much as 100 g. of indene 
in 1,000 eu, ft. (Ward, Jordan and Fulweiler, 
Ind. Eng. Chem. 1932, 24, 969, 1236; 1934, 26, 
947, 1028). Being jirodueed by pyrolytic de- 
composition of carbonaceous material indene is 
found less abundantly in low^-temperaturo car- 
bonisation distillates (Weissgerber, Brenristolf- 
Chem. 1924,5,208; Ber. 1928,61 [BJ,2111), but 
on the other hand is formed in considerable 
amount by pjTolysing mixtures of acetylene 
and hydrogen (R. and W. Meyer, ibid. 1918, 51, 
1571) or natural gas (Birch and Hague, Ind. 
Eng. Chem. 1934, 26, 1008). 

The isolation of indene was first effected by 
fractionating higher- boiling portions of coal-tar 
light oil (Kramer and Spilker, Ber. 1890, 28, 
3276) and converting the enriched mixture into 
picrates. On distilling the picrates in steam, 
those of naphthalene and coumarone are un- 
affected whilst indene picrate is broken down 
and indene is recovered from the distillate (c/. 
Orlow, Protjanowa and Flegontow, Chem. Zentr. 
1937, I, 3435). Although 3 g. of crude indene 
were obtained from 10 g. of naphtha the method 
is unsatisfactory and even dangerous because of 
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the explosive nature of the picrates. One 
hydrogen atom of indene is however replaceable 
by sodium by treating w ith the metal, preferably 
in presence of ammonia or oilier Imses such as 
pyridine or aniline (G.P. 209094, 205465), and 
Weissgerber has utilised this reaction to isolate 
indene by distilling off unreacted material and 
then decomposing the indene sodio-compound 
with water (Bor. 1909, 42, 569 ; cf. Courtot and 
Dondelinger, Ann. Chim. 1925, [xj, 4, 231). 
More recently, processes consisting in freezing 
indene out of naphtha fractions containing 80% 
indene at —25'^ have formed the subject of 
patent claims (U.S.P. 1943078; B.P. 406900). 

The structure of indene is indicated by its 
unsaturated character, e.g, towards bromine, 
and by the formation of phthalic acid by oxi- 
dising with 30% nitric acid (Kramer and Spilker, 
l.C’), and a number of syntheses such as the 
following (von Baeycr and Perkin, Ber. 1884, 17, 
125; rf. Kipping and Hall, ibid. 19fK), 77, 469) 
confirm this structure : 
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IndcDG is also available syntheiinally from its 
derivatives such as a-hydrindone. Raman 
spectra indicate (MatHuno and Uan, Hull. Clicm. 
S()c. Japan, 1936, 11, 321) that indene is a 
resonance hybrid of the two structures : 



A recent synihcHis of the indene nucleus which 
is of extended application consists in dehydrating 
suitable pinaeones, tJj. a-bonzyl hydro benzoins, 
with acetyl chloride or phosphorus pentoxide 
to yield l:2-diarylin(loneH. Or6khoft‘ and Tif- 
feneaii (Bull. Soc. ehim. 1922, [iv], 81, 263) 
formulated the reaction as a simple dehydration 
between one of the pinaconc hydroxyl groups 
and a hydrogen atom attached to one of the 
aromatic residues : 

CH^ CH 

/X/ \ /'v/'x 

r I CPhOH -► I I CPh 

I J HO CHPh I ! CHPh 

\ , - 

Blum-Bcrgmaiin on the other hand suggested 
(Ber. 1932, 65 [B], 109) the alternative scheme: 


CHOH 

[ I CPhOH 
PhCH, 


->► 


X 


- CHOH 
CHPh 

\ / 

CHPh 



CHPh 


on the (ivideiicc that the change is not exclusive 
to benzyl pinaeones but can also take place with 
fatty -aromatic jiinacones. Thus the product of 
dehydrating acetoyiheiione pinaconc, although 
jireviously regarded as 9:10-dimethylanthracene, 
was identified as 2-phenyl-3-methylindcne : 


X\._ 


CMe OH ^ 
(^MePhOH 


CMeOH 


-CMe OH 

CPh 

,7 


"X, CMe 

I i!:Ph 

XX \ / 

CH, 

The last was synthesised by the classical method: 

CH, 



CH. 




Again, the simpler a-methylhydrobenzoin is 
now known to yield on dehydration not a 
hydrocarbon, C30H24. at* formerly supposed, 
but 2-phenylindene, 




X CH 

I I CPh 

\X\ / 

CH, 


It should be mentioned that the reaction is not 
a general one and Blum-Berginann states that 
tliylhydrobenzoin and benzylbydroanisoirf and 
other aromatic pinaeones do not yield irideno 
derivatives. \ 

The formation of indene derivatives (Zineke 
and co-workers, ibid. 1886, 19, 26(K); 1887, \ 20, 
1266, 2894, 3216; 1888, 21, 491, 2381, 231(79; 
1894, 27, 744; Annalen, 1892, 267, 319; 1894, 
283, 341 ; 1898, 800, 197) by the rearrangcmdnt 
of naphthalene compounds containing strongly 
negative substituonts is of some interesl, e.g. : 


p 

C(0H)2 

X .Q 

1 1 r 

^COgH 

V 

0 

Y 

1 .1 vCHCI 

Cl 

CCI 

- r 

C(0H)C02H 


I I CCI 

"cci 

The purified hydrocarbon CiqHjq from the 
coal-tar naphtha, b.p. 200-210'', yielded on 
oxidation a mixture of triinellilie and heinimel- 
litie acids indicating the probable presence of 
the four yiossible inethylin denes in the hydro- 
carbon mixture (Boes, Ber. 1902, 86, 1762). 

Physical Properties , — Indene is a colourless 
mobile oil, b.p. 182°, m.p. —2°; this compara- 
tively high melting-point, together with a high 
molecular depression (7-28°) make indene a 
convenient solvent in cryoscopie determinations 
of molecular weight (Klatt, Z. physikal. Chem. 
1934, 171, 464). indene readily poljrmerises 
not only by chemical reactions {v. infra) but 
also by the action of* light, heat and high pres- 
sure (U.S.P. 1952116). rolymorisation by ex- 
posure to sunlight or ultra-violet light (Guntz 
and Minguin, Compt. rend. 1911, 162, 373; 
Oiamician and Silber, Ber. 1913, 46 , 420 ; Weger 
and Billmann, ibid. 1903, 86, 642) can proceed 
in absence of other catalysts but is favoured by 
the presence of air. Thermal rearrangements 
w'ith polymerisation giving rise to truxene, 
chrysene, etc., have also been described. 

Chemical Properties . — The following reactions 
of indene are important : 

(a) Those in which the double bond in the 6- 
membered ring functions as an olehnio 
linking. 
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(6) Reactions in which the aromatic ring is 
substituted. 

(c) Reactions of aliphatic character involving 
the methylene group. 

(a) Indene exhibits many of the properties of 
an olefin. Thus relatively mild reduction (Cook 
and Lmstcad, J.C.S. 1034, 946) affords the more 
stable compound indaiie {hydrindene). Indane 
{lOBScsses most of the aromatic properties of 



(6) Aromatic promrties of indene and its 
derivatives call for little mention beyond that 
under (a). Derivatives are rarely if ever 
obtained by direct substitution in the aromatic 
ring owing to the readiness with which indene 
undergoes polymerisation. Derivatives of in- 
dene and especially of hydrindene of this type 
are purely aromatic in character. 

(c) Sodium indene is readily formed by re- 
placement of one hydrogen atom of the methy- 
lene group by sodium using sodamide (Weiss - 
gerlx>r, Ber. 1909, 42, 569). The sodium can bo 
replaced by alky] groups yielding 1-alkylindenes 
(Marckwald, ilnd. 1900, 38, 1504); these aU 
ixhibit the aiitoxidation Iwhaviour of indene 


Indane. lndane-5-aulphoulc acid. 

indene but the 5-inenibercd ring is practically 
devoid of the reactivity it exhibits in indene 
itself. Thus indane may bo sulphoiiated to 
yield the readily crystallisable 6-sulphoiiic acid 
(CV)ok and Linstcad, l.c.) and nitrated to a mix- 
ture of 4- and fi-nitroindancs which are tliem- 
Bcdves reducible to aromatic bases (Braun, 
Arkuszewski and Kohler, Ber. 1918, 51, 291). 
More drastic hydrogenation results in reduction 
of the aromatic ring to yield perhydro- (or 
hydr-) indane (Ipaticw, Chein. Zentr. 1913, IT, 
1975) and finally in presence of ferric oxide on 
alumina (Tpatiew and Orlow', Ber. 1929, 62 [BJ. 
593), benzenoid hydrocarbons, a resin and 
hydrindene are lorined. 

The difficulty of forming chrysene from steroid 
compounds by dehydrogenation over selenium 
or palladium was solved by Ruzicka and his eo- 
workers who showed that temperature was the 
eontroUing factor. The same effect was noted 
with a- and /3-methylhydrindene which are un- 
changed over selenium or palladium at 360*^ but 
form naphthalene, slowly at 4(K)°, readily at 
4.50° (Helv. Chim. Acta, 1935, 18, 676; cf. G.P. 
596191). 

Hydrogen halides and halogens usually form 
simple addition products with indene. Whilst 
the action of hydrogen fluoride is ijolymerising 
rather than additive, chloroindane is obtained 
by the action of gaseous hydrogen chloride at 
0° (Courtot and Dondelinger, Ann. Chim. 1926, 
[x], 4, 345) and less stable bromo- and iodo- 
analogues are obtained similarly. A liquid 
indene dichloride (Spilker, Ber. 1893, 26, 
1541) and a crystalline dibromido (Krkmer and 
Spilker, ibid, 1890, 23, 3279) have been de- 
scribed ; both are readily converted into 
characteristic hydroxy halides by hydrolysis 
.(Brown and Howard, Ind. Eng. Chem. 1923, 16, 
1147). 

With nitrous acid indene affords two nitrosites 
(Dennstedt and Ahrens, Ber. 1895, 28, 1332). 
Addition of two hydroxyl groups to the olefinic 
bond may be effected with potassium perman 
ganate (Heusler and Schieffer, ibid. 1899, 82, 
29). A crystalline addition compound with 
‘nit rosy 1 chloride has been obtained (Perrot, 
Compt. rend. 1936, 208, 329). 

The double linkage in the 5-membered ring of 
indene imparts to it many of the properties of 
c^clopentadiene and may also be responsible for 
its behaviour on oxidation, resinifleation and 
eubsequent polymerisation. 


itself, and higher indenes have for this reason 
been proposed with driers to replace linseed 
ul (G.P. 305515). Indene also eondenses with 
aromatic aldehydes and ketoiu's in presence of 
sodium alkoxido (Thiele and Merck, Annalcn, 
1918, 415, 262) to yield compounds of the type : 


CH 


NaOAlk \ 


— CiCHR 

6h 

C CHR OH 


Somew'bat similar is the reaction with ethyl 
oxalate in presonco of alkali to yield indene-l- 
oxalyl ejiter (Weissgerber el ah, Ber. 1900, 38, 
773 '; Thiele, ibid. 1900, 33, 851). With oxalyl 
chloride, however, a carboxyl group is intro- 
duced into the 2-poHition whilst indene -I- 
carboxylic acid is formed by the action of carbon 
dioxide on sodium indene (Wislicenhs, Ber. 1911, 
44, 1440; Annalen, 1924, 436, 16). As with 
pyrrole the methylene group of indene confers 
on it the ability to react wuth Grignard reagents 
ith the formation of indene.-^ -magnesium 
halides (Courtot, Ann. Chim. 1915, [ix], 4, 76; 
Grignard and Courtot, Compt. rend. 1911, 152, 
272). 

Indene Derivatives. — A general method for 
the production of indene derivatives consists 
essentially in the dehydration of benzenoid com- 
pounds containing the grouping Ar-C-C-CO. 
Thus benzylaretone and sulphuric acid yield 
l-methylindene : 


(in, 

COMe 


<iH 

(^MeOH 


I CH, 

(iH 

\ ^ 

CMe 


Polyindenes . — The production of resinous 
products by the ready polymerisation of indene 
is of increasing industrial importance. Although 
the use of catalysts, e.g. sulphuric acid (Krftmer 
and Spilker, Ber. 1900, 88, 2260; Weger, Z. 
angew. Chem. 1909, 22, 345) presents advantages, 
Whitby and Katz have shown that however pre- 
pared a regular series of polyindenes is obtained 
which may be separated by fractional precipi- 
tation (J. Amer. Chem. Soc. 1928, 50, 116p; 
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Canad. J. Res. 1930, 4 , 344 ; mechanism of poly- 
merisation, Tammann and Pape, Z. anorg. 
Chem. 1931, 200 , 113). A number of workers 
have observed that under specified conditions, 
e.g. using dilute sulphuric acid, molecules of 
relatively well-defined complexity may pre- 
dominate. Thus Weger (Z.c.) prepared a tetra- 
mer by the action of concentrated sulphuric 
acid ofi a benzene solution of indene (c/. Stobbe 
and Farber, Bcr. 1924, 57 [B], 1838) whilst 
Krkiner and iSpilkcr {ibid. 1890, 23 , 3278 ; 1900, 
83 , 2200) and also Marcusson (Chcm.-Ztg. 1919, 
43 , 109, 122) obtained higher polymers 

whore n— 11-12 {paraindene), and 
7nfitaindenes where 71=10-22 are obtained by the 
a(;tion f)f sulphuric acid on indene in absence of 
solvent]. 

Somewhat similar control may be exercised in 
the use of other catalysts of which halogen 
hyrlridf‘H (v. supra) and particularly Fricdel- 
Crafts catalysts are important examples. Thus 
highly polymerised indenes and resins may 
result from the action of oxygen and peroxides 
(Staudinger and Lautcnschlitger, Annalen, 1931, 
488 , 1 ; Adkins and Houtz, J. Amer. Chem. Soc. 
1931, 53 , 1058) and of stannic, antimony and 
boron chlorides, etc. (Staudinger et al., Helv. 
Chim. Acta, 1929. 12, 934, 958, 902; Whitby 
and Katz, J. Amer. Chem. »Soc. 1928, 50 , 1160). 

Crude polymers resulting from the action of 
sulphuric acid on indene are usually red, but 
purifu'd products form colourless compounds the 
softening point of which varies quite regularly 
wil-h the molecular weight. Each molecular 
variety contains one double bond in each mole- 
cule (for general accounts, see Kisi and Gauvin, 
Canad. J. Res. 1935, B, 18, 228; Hugel, Bull. 
Assoc, franc. Techn. Petrole, 1937, No. 39, 25). 

Ih-indrne, m.p. 57-58^’, contains one olefinic 
linkage as it readily yields a dibrornido, m.p. 
120", and is oxidised by chromic acid to a- 
hydrindone (Stobbe and Farber, Bcr. 1924, 57 
[B], 1838). It contains, however, only one re- 
active methylene group (Bergmann and Tau- 
badel, ibid. 1932, 65 [BJ, 463) and is formulated 

CflH. CH CgHvCHo 

I I I 

CH^—C CH—CH.^ 

Whitby and Katz (J. Amer. Chem. Soc. 1928, 
50 . 1 1 60) formulate higher polyindenes similarly 
as they bc^have as unsaturatod compounds 

C,H,CH,r C.H.CH.I CH. C.H, 

CH,-CH-[-CH— CH-J„-C-;- CH 

although Staudinger el al. represent them as 
large rings (Helv. Chim. Acta, 1929, 12 , 934). 
These higher polymers undergo some depoly- 
mensation on heating and may be hydrogenated 
with partial depolymerisation. 

Indene polymers and coumarone resins 
(v. Vol. HI, 413c) are finding application in 
industry, usually in association with tung oil, 
in paints, enamels, etc. {of. U.S.P. 1019666). 
They are also used in other combinations as 
softeners for rubber (U.S.P. 2095630), adhesives 
(G.P. 652007), binders for tiles (Canad. P. 
372911), and it has also been proposed to utilise 


indene resins with formaldehyde (B.P. 319444), 
with pitch-resins from coal-tar (U.S.P. 1355103), 
and by condensation with maleic anhydride 
(B.P. 376479) and in other ways. 

A. H. C. 

I N D E R I T E . Hydrated magnesium borate, 
2Mg0-3B203l5H20, occurring as small, white 
to pinkish, reniform nodules in red clay in the 
borate deposits, which wore discovered in 1934 
near the Inder salt lake, 150 km. north of the 
Caspian Sea in western Kazakhstan. The aci- 
cular, orthorhombic crystals show relations to 
inyoite (2Ca0-3B202’1 3 H 2 O). (A. M. Bold- 

yreva and E. N. Egorova, Mat. (Central Sci. 
Investig. Geol. Prospecting Inst. U.S.S.R. 1937, 
General ser. No. 2 ; A. M. Boldyreva, Mem. 
Soc. Russe Min. 1937, [iij, 66, 651; M. N. 
Godlevsky, ibid. 1937, [ii], 66 , 315 ; G. B. Boky, 
Bull. Acad. Sci. U.R.S.S. ser. Chim. 1937, ^71.) 

L. S. S. 

INDIAN BUFFALO GRASS {v. Voh II, 

482c). \ 

INDIAN FIRE, r. Ben(Jal Liohts. 

INDIAN GUM or GHATTI GUM i^ a 
gummy exudation from the stem of uinogeisms 
latifolia Wall., occurring in vermiform or 
rounded tears, coloured pale yellow and of a 
vitreous lustre. Soluble in water, forming a 
viscous adhesive mucilage. 

INDIAN HEMP RESIN (r. Vol. II, 269). 
Indian hemp {Cannabis indicUf C. saliva) is 
oflicial in the Spanish, French, Belgian, Swiss 
and C.S. Pharmacopmias. The drug consists 
essentially of the resinous (‘xudatc of flowering 
and fruiting tops of Cannabis saliva, an annual 
indigenous to Central Asia and the Northern 
and Western Himalayas. Described aeeording 
to origin and mode of preparation by a variety of 
names {e.g. hashish, marihuana, r, haras, ganja, 
bhang, etc.) it is one of the commonest drugs of 
addiction in Asia, Africa and America. Eaten 
or smoked it produces an intoxication com- 
mencing with a pleasant lethargy in w hich there 
is distortion of space and time iollowed often by 
horror and depression. The resin separated 
from the leaves and known in this form as charas 
is an important article of commerce between 
Turkestan and India. For reports on C. indira 
by the League of Nations ("ommission on Traffic 
in Noxious Drugs, ^ee Amer. Chem. Abstr. 
1938, 82, 8073 ; 1939, 83, 2283. The cultiva- 
tion of C. saliva and its use in medicine is regu- 
lated in the U.S.A. by the Marihuana Tax Act, 
1937. In the form of tincture or extract the 
drug has been prescribed as a narcotic and 
anodyne, but was removed from the British 
Pharmacopceia in 1932. 

In North America the name Indian hemp is 
applied not to C. saliva but to Apocynum canna^ 
binum, known also as Canadian hemp, which 
contains the cardiac glycoside cymarin (?;. Vol. 
11 , 8366 ; Vol. Ill, 538a), and accidents have 
been caused by the confusion of names. A 
comprehensive account of the hemp drugs is 
available in the monograph Marihuana ” by 
Walton (Lippincott, New York, 1938); short 
reviews are given by Adams (Science, 1940, 92, 
115), Todd (Nature, 1940, 146 , 829) and Mac- 
donald (Nature, 1941, 147 , 167). 

Cannabis resin yields on distillation an 
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essential oil containing j}<eymene with small 
amounts of other substances including l-methyl> 
4-isopropenylbenzene and a-caryophyllene 
(Simonsen and Todd, J.C.S. 1942, 188), 

and a high boiling viscous liquid known as 
“ crude cannabinol ” or “ red oil *’ w'hich con- 
tains the active principle of the drug. From 
this material the following inactive compounds 
have been obtained : 

Cannabinol, m.p. 76-77°, b.p. 140- 

150°/10”® mm. (bath temp.), occurs in large 
amounts in Indian and Egyptian resin and in 
smaller quantity in American resin. Its con- 
stitution as (i'"-hydroxy-2:2:5'-triinethyl-4''- 
n-amyl-dibenzopyran (I) has been established 
by complete synthesis (Ghosh, Todd and 
Wilkinson, J.C.S. 1940, 1121, 1393; Adams, 
Raker and Weam, J. Amer. Chem. Soc. 1940, 
62, 2204), For isolation from Indian resin as 
p-nitrobenzojito, Work, Bergel and Todd 
(Biochcm. J. 1939, 33, J23). 

Cannahifliol, C21H3QO2, m.p. 66-07°, b.p. 
100- 180°/10~^ mm. (bath temp.), has lieen iso- 
lated as 3:5-rhnitrnbenzoiitc from American 
(Adam.s, Hunt and Clerk, ,1. Amcr. (^hem. Soc. 
194(», 62, 190) and Egyptian (.lacob and Todd, 
1940, 049) resin. It is considere«l to 


phyeiologic^d action of hashish in animals and 
in man, as also do the isomeric tetrahydrocan- 
nabinols obtained by cyclising cannabidiol. A 
large number of analogues of these substances 
have been prepared and examined pharmaco- 
logically (Todd et al., J.C.S. 1941, 169, 826; 
Adams ei al., J. Amcr. Chem. Soc. 1941, 68 . 
1971, 1973, 1977). The purified cannabis 

resins freed from cannabinol and cannabidiol 
have the composition of tetrahydrocannabinol 
and may contain a mixture of isomers of varying 
activity. For fuller details of recent work the 
numerous publications of Adams ti al. (in J. 
Amer. Chem. Soc.) and of Todd et al. (in J.C.S.) 
since 1940 should be consulted. 

A. R. T. 

INDIAN OR CHINESE INK. This is an 
ink in solid form, made by pounding finely 
divided lampblack with a solution of glue into a 
paste which is then moulded into sticks. An 
ink was prepared in China about 2000 n.c., but 
according to Jametel (“ L’Encrc de Chine, d'aprbs 
dcs Documents Chinois,*’ 1882) this ink was a 
vegetable varnish and it was not until about the 
third century n.o. that the product as it is 
known to-day was introduced. Various sub- 
stances have been used as the source of the 


have structiin* (11) and can be cyclisf'd to a 
rni.vturc of tctrahydrocannabinols yielding 
cannabinol on dchydrogenathm (Adnins et al., 
J. Amer. Chem. Soc. 1940, 62, 2402, 2.'»66). 


Me 


OH 



CHMe~ CH 
/ \ 
CHj C 





Isolation of homogeneous active substances 
from American resin has been reported by 
Haagen-Smit et al. (Science, 1040, 91, 602) 
and by Powell ei al. {ibid., 1941, 98, 522), but 
those claims await confirmation. The tetra- 
hydrocannabinol (III) (6''-hydroxy-2:2;6'-tri 
methyl - 4" - n * amyl - 3':4':5';6' - tetrahydrodi - 
benzopyran) obtained as an intermediate in 
the cannabinol synthesis of Ghosh, Todd and 
Wilkinson {l.c.) exhibits the characteristic 


lampblack, such as rice straw, pine wood and 
haricot beans, but these have been replaced to a 
large extent by vegetable oils, especially tung 
oil from Aleurites cordata. The oil is burned in 
small lamps of terra-cotta, chilled by water in a 
small depression at the top ; these lamps are 
placed in a terra-cotta chamber, and the smoko 
is collected in inverted terra-cotta cones with 
polished interior, from which the deposited soot 
is removed from time to time by means of a 
feather. A row of bricks supports the cones, 
about twenty of which are used at a time. 
When the ink is made on a larger scale the 
terra-cotta condensing vessels are replaced by a 
hollow wooden tunnel with a hole bored in the 
wall. 

According to Jametel the lampblack from 
sesame or tung oil yields a much bettor quality 
of ink than that derived from pine wood. In 
Japan also either sesame or tung oil or pine 
wood are used for making the lampblack, and 
this is incorporatid with strained ox-hide 
glue. Formerly a decoction of Hibiscus muta- 
bilis Einn. was used as the medium in China, 
but has long been discarded in favour of glue. 

At the present time the ink produced by 
different Chinese manufacturers differs mainly • 
in the fineness of the lampblack and the tone of 
the black. 

Ink is imported into this country from China 
in the original boxes each holding 1 lb. Accord- 
ing to the size of the sticks, 8, 20 or 40 may go 
to the pound, and are spoken of in the trade as 
“ eights,'* “ forties,” etc. The sticks are moulded 
in various forms, some being in squares, some in 
tablets and some octagonal. The best qualities 
of sticks are gilt and are stamped with fine im- 
pressions such as dragons, lions’ heads, etc., 
which denote qualities well recognised in the 
trade, and they are also perfumed. The 
octagonal sticks, known as ” Mandarin,” are of 
fine quality, and are distinguished from ordinary 
sticks by the finer impression of the characters 
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on the sides. The poorest quality is in the form 
of small sticks and stamped with white letters. 

Examination . — ^The Chinese test the quality of 
ink by rubbing the tablet on a porcelain palette. 
If the sound produced is faint the ink is con- 
sidered to be of good quality {Si-mo), whereas a 
loud noise indicates an inferior quality (Tsou-mo). 
This is essentially a test for the fineness of the 
carbon particles. A Chinese ink of good quality 
should yield a uniform suspension when rubbed 
with water. The best inks are of a violet shade, 
whilst inks of the second quality are black, and 
inferior inks have a yellow tint. 

A practical test is to stir 0-1 g. of the powdered 
ink in 10 ml. of water and to shake the mixture 
from time to time. Inks of the best quality will 
diffuse rapidly, whereas the cheaper grades will 
hardly colour the water even after several hours’ 
contact. 

The tinctorial value may be ascertained by 
applying successive coatings of the suspensions 
to equal areas of Whatman paper. The best 
inks can be distributed much more smoothly 
than those of inferior quality, and an opaque 
coating is attained with fewer washes. 

Specimens of the four grades of ink examined 
by Mitchell, “ Inks : Composition and Manu- 
facture,” 4th ed., 1937, p. 37, gave the following 
results : 


Ink. 

Water, 

0/ 

/o ■ 

Carbon 

residue, 

%. 

Nltro- 
geu in 
resi- 
due, 

' %. 

Nitro- 
gen in Ash, 
original *!„. 
|iink. 

I. Octagonal 
stick . 

816 

53-9 

0-0 

7-74 

4-8(» 

11. Lion stick, 
fme letters 

7-20 

52-5.3 


4-87 

3-69 

1 11. Lion stick, 
coarse let- 
ters . 

9 93 

49-64 


7-26 

4 96 

1V\ Small stick, 
coarse let- 
ters . 

9-40 

67-04 

— 

6-84 
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Liquid Indian Inka . — A preparation for the 
use of artists is made by grinding up broken 
fragments of the Chinese stick-ink with water. 
Other preparations are made directly from lamp- 
black incorporated with a liquid medium con- 
taining a gum to keep the carbon in suspension. 

'These arc of the same type as the carbon inks 
which are still used in the East. 

Non -Coagulating Indian Ink . — An ink that is 
claimed not to coagulate even at —30° has been 
patented by Sliinozaki (Japan. P. 110282, 1935). 
The mixture consists of glue (30 parts) pre- 
viously heated for 3 hours at 120°, potassium 
nitrate (fiO parts), urea (10 parts), urotropine 
(10 parts), carbon black (60 parts) and water 
(1,000 parts). 

C. A. M. 

INDIAN MADDER (V. Vol. II, 523c). 

INDIAN YELLOW, PIURI, PURREE 
or PIOURY is a pigment used mainly in 
India for colouring wails, doors and lattice- 
work, and by artists for water-colour work. It 


is, or was, made almost exclusively at Monghyr 
(^ngal) from the urine of cows wldch have been 
fed upon mango leaves. On heating the urine, 
the colouring matter separates out ; this is 
pressed into a ball and dried partly over a char- 
coal fire and finally in the sun. Internally the 
balls are of a brilliant yellow colour, whereas the 
outer layers are either brown or of a dirty-green 
colour. The undccomposed part consists only 
of euxanthic acid in the form of a magnesium or 
calcium salt ; the outer and decomposed portion 
contains in addition euxanthone, both free and 
combined. The composition of piuri appears to 
be variable ; a fine sample, according to Graebe 
(Annalen, 1889, 254, 272), contained euxanthic 
acid, 61-0; silicic acid and alumina, 1-5; 
magnesium, 4-2 ; calcium, 3-4 ; water and 
volatile matter, 39-0%. i 

Euxanthic acid is isolated by digesting piUri 
with dilute hydrochloric acid and treating the 
residue with a solution of ammonium carbonaM. 
Addition of hydrochloric acid to the filtered 
solution causes the separation of crystals of 
euxanthic acid. According to Spiegel (Berj 
1882, 16 , 1965), euxanthic acid is decomposed , 
by 2% sulphuric acid at 140° into euxanthone 
and the anhydride of glycuronic acid. 

Euxanthone, Purrenone, Purronc, Ci 3 Hg 04 , 
was first obtained by Stenhouse (Annalen, 1844, 
51 , 425) and shortly afterwards by Erdmann 
{ibid. 1844, 52 , 366) from euxanthic acid. It 
forms pale yellow needles or lamina*, m.p. 240° 
(corr.), which sublime with little decomposition 
on gentle heating. 

By distillation with zinc dust (Salzmann and 
Wichelhaus, Ber. 1877, 10 , 1397 ; Graebe and 
Ebrard, ibid. 1882, 15 , 1675), euxanthone gives 
mothylencdiphenylone oxide (I) which is con- 
verted into xanthone by oxidation, indicating 
that euxanthone is a dihydroxy xanthone. When 
fused with alkali, euxanthone yields ouxanthonic 
acid (11), hydroqiiinone and resorcinol. 



Euxanthone was first synthesised by Graebe 
{l.c.) by distilhng a mixture of jS-resorcylic acid 
and hydroquinone carboxylic acid ; it was shown 
later by von Kostanecki and Ne-ssler (Ber. 1891, 
24, 3983) that the same product is obtained if 
in this reaction the j9-resorcylic acid is replaced 
by resorcinol. Of the two constitutional 
formulae (111 and IV) indicated by these syn- 



theses, (IV, l:7-diliydroxy xanthone) was shown 
to be correct by a study of the methylation of 
euxanthone by means of methyl iodide (Von 
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Kostaneoki, ibid. 1894, 27, 1992). Only a 
monomethyl ether was obtained, indicating 
that euxanthone contains a hydroxyl group 



HO CO 

IV. 


adjacent to the carbonyl group (IV). Final 
proof of the correctness of this formula was 
afforded by the following synthesis of euxanthone 
by Ullmaiin and Panchaud (Annalcn, 1906, 8^, 
108) ; condensation of 2-chloro-6-niethoxy- 
benzoic acid with the potassium derivative of 
hydroquinone monornethyl ether, employing 
copper powder as catalyst, yielded 2-(4-methoxy- 
phenoxy)-6-mcthoxybenzoic acid which w'as 
converted by the action of concentrated sul- 
phuric acid into euxanthone dimethyl ether, and 
this by treatment with aluminium chloride in the 
presence of benzene gave euxanthone. 

Euxanthone forms the following derivatives ; 
\-meAhyl ether^ pale straw-coloured rectangular 
plates, m.p. 235'^ (Robertson and Waters, J.C.S. 
1929, 2239), m.p. 240° (Graebe and Aders. 
Annalen, 1901, 318, 365) ; 1 -methyl ether, yellow 
plates, m.p. 130'5°; dimethyl ether, colourless 
needles, m.p. 149-5° (Graebe and Aders, l.c.) \ 
diethyl ether, prisms, m.p, 126° (Graebe and 
Ebrard, l.c.) ; 1-acetyl-, elongated yellow prisms, 
m.p. 160° (Robertson and Waters, l.c.) ; diacetyl-, 
fiale yellow prisms, m.p. 185° (Salzmann and 
Wichelhaus, l.c .) ; dihenzoyl-, colourless crystals, 
m.p. 221-222° (Zerncr, Monatsh. 1910, 81, 
797) ; 4:5-dimzobenzem-, red needles, m.p. 249- 
250° (dcconip.) ; acc(yZ- derivative, ochre-yeUow 
needles, m.p. 197-199° (Perkin, J.C.S. 1898, 73, 
666 ). 

According to Nierenstein (Her. 1913, 4^, 649), 
oxidation of euxanthone with chromic acid gives 
the quiuonc : 


44 , 114) obtained euxanthio acid by the inter- 
action of a diaoetylbromoglycuronolactone and 
the potassium derivative of euxanthone. The 
synthesiB confirmed the suggestion of Fischer 
and Piloty (Ber. 1891, 24, 521) that this gly- 
curonate is structurally analogous to a glycoside. 
Herzig and Stanger (Monatsh. 1914, 85, 47) 
found that the two methyl derivatives obtained 
by the action of diazoraethane on euxanthic acid 
yielded, by acid hydrolysis, euxanthone 1 -methyl 
ether, indicating that the glyciironic acid residue 
in euxanthio acid is attached at the 7-poBition. 

By the action of methyl iodide and silver oxide 
on euxanthic acid, Robertson and Waters (J.C.S. 
1931, 1709) obtained methyl O-tetramethyl- 
euxanihate (V ; R = CH»), colourless needles, 
m.p. 168°. Hydrolysis ot this ester with hydro- 
chloric acid gave 1-O-inethylouxanthone and 
a irimethylglycuromc acid which by oxida- 
tion with nitric acid and esterification of the 
product yielded the methyl ester of 2;3:4-tri- 
metbylsaccharolactoiie. The constitution of the 
latter was confirmed by synthesis from 2:3:4- 
trimethyl glucose. Euxanthic acid, theiefore, 
has the following striictiiro (R = H) ; 



The glycosidic linking present in ouxanthic acid 
appears to bo of the j8-typc. 

The precursor of Indian yellow is mangiferin 
{euxanthogen) which is present in the bark and 
leaves of Mangifera iridica Linn, (mango). 
Mangiferin is isomeric with euxanthic acid, to 
which it gives rise in the organism (Gortcr, Bull. 
Jard. bot. Buitenzorg. 1922, [iiij, 4, 260 ; sec 
Amcr. Chom. Abstr. 1923, 17, 1472). 

A. G. P. and E. J. G. 



INDICATORS. In volumetric analysis 
indicators are substances which arc used to 
determine ond-points in titration work. The 
three main types of reaction, namely neutrali- 
sation, oxidation and reduction, and precipita- 
tion, which predominate in this kind of analysis, 
all require suitable indicators in order to det/cr- 
mine the points at which equivalent quantities 
of the reacting substances have been brought 


This consists of dark-rod needles soluble in together. However, the use of the numerous* 


alkalis with a blue coloration and converted by 


organic compounds which are differently coloured 


reduction into l;4:7-trihydroxyxanthone. in acid and in alkaline solution serves not only to 


Euxanthone poBsessos only feeble tinctorial determine end-points in acidimetry and alkali- 
properties ; the respective shades obtained with metry, but also to mark the end-points as within 
woollen cloth mordanted with chromium, certain limits of hydrogen ion concentration. 


aluminium and tin bt'ing dull brown-yellow, Thus indicators for neutralisation are also 
pale bright yellow and very pale bright yellow employed colorimetrically to determine the free 
(Perkin and Hummel, J.C.E. 1896, 69, 1290). hy^ogen ion concentration as distinct from the 


Euxanthic Acid exists as a stable hydrate, total acidity in liquids : a subject of great im- 


CigHigOiofHaO, melting at 156-168° with 
partial decomposition. The methyl ester and 
ethyl ester melt at 218° and 198°, respectively 
(Graebe ei al., Ber. 1900, 83, 33^; Annalen, 
1901, 818 , 345). 

Neubeig and Neimann (Z. physiol. Chem, 1905, 


portance in biological work. Certain types of 
titrations are carried out with the aid of external 
as distinct from internal indicators for deter- 
mining the end-points. As such external indi- 
cators are really sensitive drop reagents which 
are specific tests for the presence or absence of 
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particular subatanceB their properties will not 
be considered in this article. 

Since the year 1913 a series of indicators 
depending upon a totally different principle 
from those adverted to above was studied by 
Paneth and his collaborators. The fundamental 
principle involved in the use of these radioactive 
indicators is that isotopes have identical chemi- 
cal properties. If an element A has a radio- 
active isotope A\ the detection and deter- 
mination of A' by elertroscopic methods can be 
adapted to the detection and determination of A . 
A brief consideration of these indicators is given 
at the end of this article. 

Neutralisation Indicators. {See also 

Chemical Analysis, Vol. II, pp. 037 ei acq.) 

From the form and position of the titration 
curves (Vol. II, p. 039) it will be evident that for 
the titration of a strong acid by a strong base any 
indicator with a range extending between the 
extreme limits of 3 and 11 units on this scale 
will give satisfac.'tory results, if the acid and alkali 
are of the order of decinormal eonw'ntration. 
In consequence of acid hydrolysis, the titration 
of a weak base such as ammonia by a strong acid 
must bo carried out with an indicator having a 
Ph range within the limits of about 3 and 6 units, 
such as Methyl Orange or Methyl Red. Simi- 
larly the occurrence of alkaline hydrolysis when 
a weak acid, such as acetic acid, is neutralised by 
a strong base necessitates the employment of an 
indicator such as phonolphthalein with a pji 
range between 8 and 11. If the acid and alkali 
are of considerably lower concentration than 
decinormal, further restrictions within these 
ranges will become necessary. 

The sensitivencBB of indicators w^aa first in- 
vestigated by Tizard (B.A. Report, 191 1, p. 268) 
who drew attention to a fundamental difterciice 
between two-colour indicators such as Methyl 
Orange and one-colour indicators such as phenol- 
plithalein. When a two-colour indicator is 
used the end-point of a titration should be 
independent of the amount of indicator in the 
solution if the titration is carried to the half- 
w'ay stage, because the titration is being carried 
to a certain fractional change of the indicator. 
With the one-colour indicators the case is 
different, because the titration is carried on 
until there is a certain amount of coloured sub- 
stance produced or removed. 8imilar views, 
with shades of difference, were expressed by 
^ N. Rjerrum (“ Dio Theorie der alkalimetrischen 
und azidimctrischen Titrierungen,” Ahrens’ 
Sammliing, XXI, Stuttgart, 1914) who pointed 
out that the diflFerence in behaviour between two- 
colour and one-colour indicators will hold so 
long as there is no great difference in intensity 
between the acid and alkaline colours. If, 
however, this difference is considerable there 
will be a tendency for two-colour indicators to 
approach one-colour indicators in behaviour. In 
this connection it has been pointed out by Noyes 
(J. Amer. Chem. Soc. 1910, 82, 816) and by 
Bjerrum (qp. cit.) that the change interval for 
Methyl Orange is not symmetrical on account 
of the considerably greater intensity of the red 
form. It is therefore bettor, for experimental 
verification of the characteristic behaviour of 


two-colour indicators, to select one of the 
sulphonephthalein indicators such as Brom- 
cresol Green, which exhibits a striking contrast 
between the yellow (acid) and the blue (alkaline) 
colour. Rromcresol Green has a p^ range 
from 3-6 to 5-2, and it has been found that the 
quantity of A^/50 hydrochloric acid which is 
required to transform this indicator in concentra- 
tions extending over a range of 1/20,000 to 
1/100,000 to the half-way colour stage corre- 
sponding to a Ph value of 4-4 is strictly constant. 
A suitable one-colour indicator for experiments 
of this kind is p-nitrophenol, having a P]{ range 
of 5-0-7-0 and therefore insensitive to atmo- 
spheric carbon dioxide. It has been found that 
the quantity of W/50 hydrochloric acid required 
to extmguish the yellow colour of sodium p-nitro- 
phenolatc in solutions of concentration ranging 
from 1 /5,0(K) to 1 /50,000 is strictly proportional 
to the concentration of the indicator in 
solution (Berry, unpublished work). \ 

Reference may be made to Bjerrum’s mono- 
graph for an elaborate discussion of the thooiw 
of the errors which arc involved by the use (V 
indicators in acidirnctry and alkalimetry. If ill 
is desired to titrate to a given hydrogen ion 
concentration it is necessary to consider two 
terms w^hicb have been known as the indicator 
exponent and the titration exponent respectively. 
Since the ionisation of a weak acid is regulated 
by the law of mass action, it follows that when 
an indicator is one -half ionised, the dissociation 
constant of the indi«*ator is equal to the con- 
centration of the hydrogen ions in the solution 
in which the indicator is one-half ionised. The 
indicator exponent, pi, is defined as — log K, 
K being the dissociation constant, while the 
titration exponent, pT, is the value of pn corre- 
sponding to the optimum colour. At the half- 
way change it is clear that pT=pl. From what 
has been stated above it will bo evident that the 
titration exponent of a two-colour indicator is 
mdependent of its amount in the solution, 
liecaiise the titration is carried to only a certain 
fractional change. The titration exponent of a 
one-colour indicator can however be varied 
over a short P|| range by suitable variation of 
the quantity ol the indicator in the solution. 

It has been estimated that with careful work 
it should bo possible to tilratiC with a degree of 
accuracy corresponding to Ph^pT^O- 3, and 
by introducing colorimetric methods the error 
may be reduced to ifbl. For a discussion on 
the ebm illation of the titration error in acidi- 
metric and alkalimetrie titrations a monograph 
by Brennccke may be consulted (“ Newer 
Methods of Volumetric Chemical Analysis,” 
edited by W. Bdltger, translated by Oesper, 
London, Chapman and Hall, Ltd., 1938, [U.S.A. 
Printed], p. 3). 

The properties of indicators have been dis- 
cussed in terms of two different theories, viz. the 
ionisation theory largely due to Ostwald and a 
theory which correlates change of colour with 
change of chemical constitution. The idea that 
the colour, in organic compounds, is due to the 
presence of certain groupings in the molecule 
appears to have originated with Witt (1876). 
Groups such as the azo group — N - N — and 
the nitro group — NOj w'hich are considered 
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to be the source of colour are known as chromo- ' 
phores or chromogens, while groups which aug- 
ment colour are known as auxochromcs. Arm- 
strong in 1888 put forward his well-known 
quinonoid theory of colour, a theory which with 
minor modifications has survived to the present 
time. When a colourless compound becomes 
coloured, e.g. when alkali is added to a compound 
such as p-nitrophenol, the benzenoid ring is con- 
sidered to assume the constitution of a quinonoid 
nucleus. Addition of acid reverses the process. 
It would appear that the chief ground on which 
Armstrong formulated his theory was that com- 
pounds known to have quinonoid reactions are 
all strongly coloured. 

It IS now recognised that neither theory alone 
can give an adequate explanation of the action 
of indicators, and that the correct way of study- 
ing the problem is by regarding indicators not as 
true acids or bases which ionise directly {acid 
indicators giving rise to hydrogen ions, or more 
correctly h\droxonium ions, and anions which 
are differently coloured from the undissociated 
molecules, and basic indicators giving rise to 
cations of different colour from that ot the im- 
dissociated molecules and hydroxyl ions) but as 
pseudo-acids or pseudo- bases, an important con- 
eejition due to Hantzsch. Pseudo-acids and 
jiseiido-bases are compounds, electrically neutral 
m themselves, which can undergo isomeric 
changes into true acids and true bases and these 
latter compounds at once give rise to their 
appropriate ions. Tt must be noted that the 
colours of the neutral and acidic isomers of 
pseudo-acids nuist be different, and that the 
acidic anion must be similar in colour to that 
of its imdissociated molecule. Similar con- 
siclerations apply mutaiis mutandis to the colours 
of the isomers of pseudo-bases. 

Among the nuincrrms compounds having indi- 
cator projicrtiCB the following may be selected as 
of particular importance, both on account of 
their theoretical interest and their practical 
value, namely the nitrophenols, the phthaleins 
(including the sulphonephthaleins) and the azo 
compounds. The isomeric changes which are 
considered to follow the ionic changes of these 
classes of compounds will be briefly considered. 

The nitrophenols, of which p-iiitrophenol will 
be considered as an example, are known to give 
rise to two scries of ethers, one derived from the 
true nitro- compound 

OH 


NO^ 

which are colourless, the other derived from the 
isomeric nitronic acid form 


O 



and are intensely red in colour. In the cry- 
stalline condition p-nitrophenol is colourless 
and therefore exists almost entirely as the true 
nitro- compound having a benzenoid nucleus. 
In aqueous solution, there is an appreciable 
yellow' colour, duo to the formation of a per- 
ceptible quantity of the isomeric acid form 
which has a quinonoid ring. This nitronii^ acid 
at once ionises into hydrogen ions and the 
coloured anions, the equilibrium being repre- 
sented by the equation : 


OH O 0~ 



NOa NO^H NOa 


The yellow colour of p-nitrophenol in alkaline 
solution is due to the formation of water by 
union of the hydrogen ions derived from the 
nitronic acid with the hydroxjd ions from the 
base, resulting in the liberation of the strongly 
coloured anion. In acid solution these changes 
are reversed, and the colour is discharged in 
consequence of the formation of the true nitro- 
phenol. 

The phthaleins, such as phenolphthalcin, 

/■!';** /C.H.OH 

CO C 

^ ^ CoH, OH 

and Phenol Red, phenolsulphoncphthalein, 

SO^ "c 

arc acid indicators, the latter series having a 
Ph rfl-ttgo of about 1 to 1-5 units numerically 
lower than the former. In a series of papers 
published betw'eeii 1916 and 1919, Acrec and 
his collaborators have brought forward con- 
vincing evidencre that the earlier theories 
relating to the colour changes which pheno|- 
phthalein undergoes as being due to the open- 
ing of the lactone ring and one of the phenol 
groups becoming quinonoid arc incomplete. 
White and Acree (d. Amer. Chem. Soc. 1919, 
41, 1190) have concluded that the sulphone- 
phthalcins and the phthaleins are to be con- 
sidered as dibasic acids, the primary salt being 
produced from the carboxylic acid resulting 
from the opening of the lactone ring and the 
secondary salt from one of the phenol groups. 
Certain sulphonephthaleins such as Thymol 
Blue have a double Ph range, viz. from 1-2 to 2-8 
and from 8-0 to 9-6, which affords additional 
evidence of the dibasic character of the indicator. 
Taking Phenol Red as a typical example of the 
sulphonephthalein indicators, White and Acrce 
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represent the changes of constitution due to 
neutralisation as follows : 


C(CeH,OH)j 



0—0 

ColourloBB lactone. 


C(;C,H4:0)C.H4 0H 


Yellow qulnoiioid acid. 


C(:C,H,:0)C,H,0H 


Y(dlow qulnouoid salt. 


C(:C,H,:0)C,H,0K 


SO3K 

Itibense rod qiilnoncpheiiolato salt. 

The replacement of hydrogen atoms by bromine 
atoms in the molecule of a sulphonephthalcin 
causes the colour of the alkali salts to change 
from red to blue. {See the Table, Vol. 11, p. 640.) 

Methyl Orange and Methyl Red are the most 
important indicators which belong to the class 
of azo- compounds. The parent substance, 
dimcthylamiiioazobenzene, closely resembles 
Methyl Orange in indicator properties. Its 
range is 2-9-4-0, that of Methyl Orange being 
3 tV^-4. The sulphonic acid group in Methyl 
Orange is inert, the indicator properties being 
determined, as in the parent substance, by the 
dimethylamino-group. llantzsch and Voigt 
(Ber. 1929, 62 [B], 968) consider that the yellow 
alkaline form of dimethylaminoazobenzenc has 
the formula = 

When it forms a salt with an acid HX the pro- 
duct formed has a red cation having a quinonoid 
formula thus : 

C,H5-N-N-CflH4 NMCj+HX 

[c,Hj NH-N=C,H 4 =NMeJ +X 

Although the colour of indicators in solution 
A determined primarily by the hydrogen ion 
concentration, the presence of other substances, 
e.g. alcohol, proteins and neutral salts, may have 
an appreciable influence on the colour. For a 
discussion of the effects of alcohol and proteins, 
see I. M. Kolthoff, ‘‘ Indicators,” translated by 
N. H. Furman, New York, 1926, and W. Mans- 
field Clark, ” The Determination of Hydrogen 
Ions,” 3rd ed., London, Bailli^re, Tindall and 
Cox, 1928. As regards neutral salts, their efifect 
in titration work is as a rule wholly negligible 
(see Bremiecke, op. cit.). When, however, indi- 
cators are used for the colorimetric deter- 
mination of hydrogen ion concentration the 
influence of neutral salt action may assume 
greater importance. The general effect of 


neutral salts is to cause displacement of the 
colour of acid indicators towards the alkaline 
side and of basic indicators to the acid side. It 
appears to be established that neutral salts cause 
alteration of the activity coefficients of the 
differently coloured forms of indicators. The 
influence of salts on chemical equilibria in solu- 
tions has been discussed by Bronsted (J.C.S. 
1021, 119, 574) in terms of the theory of com- 
plete ionisation of strong electrolytes and 
activity coefficients. Kolthoff (J. Physical 
Chem. 1928, 82, 1820) has made a careful study 
of the salt error of certain indicators in the 
colorimetric determination of pu, and has 
emphasized that indicators differ very con- 
siderably in their sensitivoness to neutral salt 
action. Thus Methyl Orange and Methyl Red 
have very small salt errors, whereas indieatots 
of the triphenylmethane series, such as Methyl 
Violet and BriUiant Green, have large salt erroiV 

In 1888 J. J. Thomson (” Applications of 
Dynamics to Physics and Chemistry,” London!^ 
Macmillan & Co., 1888, p. 234) pointed out'^ 
that capillary forces might have marked in-', 
fluence on chemical equilibria. Attempts to 
obtain experimental verification of J. J. Thom- 
son’s ideas were not very successful until 
Freundlich (Liversidge Lecture, d.C.S. 1930, 
164) dirt'cted attention to some experiments due 
to Deutsch who found that indicators in solution 
near their turning point changed their colours if 
the solution was shaken with a non-miscible 
liquid such as benzene. Thus if Bromthymol 
Blue {pii range 6'()-7-6) is placed in a mixture of 
tap water and distilled water so that the blue 
alkaline colour is well marked ; on shaking with 
benzene the displacement is in the acid (yellow) 
direction, whereas w hen the layers arc separated 
the aqueous layer reverts to the blue (alkaline) 
colour. If a triphenylmethane dyestuff such as 
Brilliant Green is shaken with iV/4 hydrochloric 
acid and benzene the displacement is in the 
opposite (alkaline) direction. In this acid con- 
centration Brilliant Green is yellow, corre- 
sponding to a /jji value of 0-7. On shaking with 
benzene the colour becomes green, corresponding 
to a Ph value of 2. In all experiments of this ' 
kind the changes are strictly reversible. 

The indicators in the list (Vol. II, p. 640) are 
amply sufficient for all ordinary purposes. For 
pariiciilar objects other indicators may have 
special advantages. Mention may be made 
of Nitrazine Yellow (2:4-dmitrobenzeneazo-]- 
naphthol-3:6-disulphonic acid) which was de- 
scribed by Wenker (Ind. Eng. Chem. 1934, 
26, 350) as a very useful indicator for work 
close to the region of neutrality. The colour 
change is from yellow at p^ 6-0 to blue at 7-2, 
with a violet grey tint between 6-4 and 6-8. 
Mixtures of indicators having different absorp- 
tion bands or the addition to an indicator 
of a dye which transforms the regular colour 
change into a different one more easily percept- 
ible by the eye as in Hickman and Linstead’s 
screened Methyl Orange (J.C.S. 1922, 121, 2502) 
have been recommended from time to time. 
Universal indicators consist of a mixture of 
several indicators having different colours and 
Pu ranges. Clark (op. cit. p. 97) quotes several 
mixtures of this kind. Other universal indi- 
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c^atora are supplied by chemical manufacturers, 
and they should always be used under the con- 
ditions recommended by the makers. These 
mixtures are useful for making rapid colori- 
metric Ph measurements, usually to the nearest 
unit, over a wide range of acidity. When the 
approximate pn value has boon obtained with 
the aid of a universal indicator, a more accurate 
value may be obtained by using a single indi- 
cator having a short range such as one of the 
sulphonephthaleiii series. In making deter- 
minations of this kind either a solution of known 
Pfl value may bo used for reference (see Buffkk 
Solutions, Vol. II, p. 120) or the colorimetry 
may be effected with the aid of a l.Kivibond 
comparator having standard colour discs appro- 
priate to the individual indicators, each colour 
differing from the next by 0-2 pH unit. It is not 
difficult by estimation to obtain results accurate 
to 0-1 Ph unit. For the colorimetric determina- 
tion of titration curves without buffer mixtures 
a paper by Gillespie (J. Amer. Chem. Soc. 1920, 
42, 742) may be consulted. See also Kilpatrick 
(Chem. Reviews, 1935, 16, 67). 

Fluorescent Indicators. The determina- 
tion of the acidity of dark coloured liquids, 
such as wines and fruit juices, may be 
effected by titration with the aid of indicators 
which show the end-point of the reaction by 
the appearance or disappearance of fluorescence 
in the liquid, the analyses being carried out in 
ultra-violet light. As more progress in the 
study of fluorescence has been made from the 
standpoint of physical optics than from the 
point of view of the constitution of substances 
which exhibit the phenomenon, a few notes on 
the subject may Iks added. 

Fluorescent Indicators : An important paper 
on fluorescence was published by JStokes (Phil. 
Trans. 1852, 463) who flrst used the term 
fluorescence from fluor spar, as the analogous 
term opalescence is derived from the name of 
a mineral. Stokes coiisidered that the wave- 
length of the light emitted in fluorescence 
is always greater than the wave-length of the 
exciting light. Doubt has been thrown by later 
work on this general principle, and in particular 
it has been shown by Nichols and Merritt 
(Camedo Institution of Washington, 1912, 
Public^ion 152) who used spectrophotometric 
methods, that fluorescence can be excited in a 
number of substances in solution by bght of 
greater wave-length than that at the centre of 
the fluorescent band. The fluorescent efficiency 
of dyes in solution, i.e. the ratio of the secondary 
fluorescent radiation emitted by the solutions 
to the total energy absorbed has been determined 
by Wawilow (Z. Physik. 1924, 22, 266). The 
highest value for this efficiency, viz. 0-8, was 
obtained for aqueous solutions of fluorescein. 
In methyl alcohol the value was 0-74, and in 
ethyl alcohol it was 0-66. The influence of 
solvents on the intensity of fluorescence has 
been repeatedly emphasised by various investi- 
gators, e.g. Pringsheim (Trans. Faraday Soc. 
1939, 85 , 28). In defining fluorescent efficiency 
as the ratio of the amount of light omitted in 
fluorescence to the amount absorbed, B. W. 
Wood (” Physical Optics,” 3rd ed., 1936, p. 663) 
has drawn attention to an important difference 


according as the measurements are made in 
terms of energy, or by the numlter of light 
quanta or photons absorbed or emitted. 

Shortly after the discovery of fluorescein, 
Kriiger (Ber. 1876, 9 , 1572) showed that this 
compound could be used as an indicator in 
acidimetric titrations. He pointed out that it 
could be used in coloured solutions, and that the 
indicator was insensitive to carbon dioxide, 
vffiic'h is in agreement with its p^ range as 
tabulated in a list compiled by Radley and 
Grant (“ Fluorescence Analysis in Ultra-violet 
Light,” 3rd ed., London, 1939, p. 312). Of the 
numerous other compounds having fluorescent 
indicator properties, mention may be made 
particularly of quinine, which has a double p^ 
range from 5-9 to 6-1 and from 9-6 tt) 10 0, of 
umbellifcronc, first used by Robl (Bor. 1926, 
59 [B], 1725), w'ith a p^ range of 6-5-7-6, and of 
Acridine Orange with a p^ range of 8-4-10-4. 
Grant (Analyst, 1931, 56 , 653) has adapted the 
indicator iJn>perticB of ijuinme to the deter- 
mination of the compound by titrating a known 
quantity in A/KM) sulphuric acid with A/ 100 
sodium hydroxide in ultra-violet light. A useful 
summary of some of the cjirlier work on fluores- 
cence analysis will bo found in a paper by 
Haidinger (Mikrochemic, 1932, 11, 429). 

Oxidation and Reduction Indicators. 

If an inert electrode, such as a platinum wire, 
is immersed in a solution of a substance in two 
different states of oxidation, such as a mixture 
of ferrous and ferric ions, the electrode will 
acquire a charge the potential of which will 
depend upon the experimental conditions. For 
any particular reversible system, the value of the 
potential is governed by several factors, par- 
ticularly the relative proportions of the oxidised 
and reduced forms and the presence or absence 
of other ions which arc! capable of forming com- 
plex ions with either the oxidant or the re.duc- 
tant. in the absence of complications arising 
in consequence of the formation of complex ions, 
the value of the potential in any particular 
system is a function of the logarithm of the ratio 
of the concentrations, or more strictly of the 
activities, of the oxidised and reduced forms. 
Since the relation between the value of the 
potential and the concentrations of the oxidised 
and reduced ions is a logarithmic one, it will be 
evident that variations of these proportions will 
have a relatively small effect upon the potential. 
A considerable effect on the potential of | 
ferrous -ferric system may be observed by the 
addition of sodium fluoride, because the net 
effect of adding this salt is to cause withdrawal 
of ferric ions on account of the formation of the 
very stable ferrifluoride ions. 

Conan t (Chem. Reviews, 1927, 8, 1) has 
stressed the importance of the distinction 
between reversible and irreyersible oxidation- 
reduction processes, and has pointed out that the 
potential has a definite meaning only when 
applied to strictly reversible processes. In dis- 
cussing various equations for expressing poten- 
tials in terms of the logarithmic ratio of the 
concentrations of the ions, Conan t {op. cit.) has 
pointed out the advantages of doing this on the 
grounds of simplicity, but added that discussion 
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in termn of aotivities in more exaet, partieularly the oxidation of a ferrous salt in acid solution 
for inorganic ions. Am regards organic com- with potassium dichromate. The colour change 
pounds, discussion of the problem in terms of should be completely reversible at the equi- 
concentrations is considered to be sufficiently valence point of the reaction. It should be 
accurate. A valuable summary of experimental noted that reactions concerned with oxidation 
work on reversible oxidation and reduction in and reduction are frequently of a more complex 
organic systems which is of particular relevance character than those involving neutralisation, 
to indicators has been published by Clark In the latter, the reactions are wholly ionic, and 
{ibid. 192b, 2, 127). Many organic compounds, the corresponding colour changes of the indicator 
e.^. Methylene Blue, which function as oxidation- are brought about by ionic reactions accom- 
reduction Hystcins are strongly coloured in the panied by tautomeric changes. The oxidation 
oxidised condition and colourless in the reduced of ferrous ions by ceric ions is similar to neutrali- 
or Icuco-condition. In the presence of a solution sation as the reactions consist wholly in the 
which has more powerful oxidising properties transfer of electrons. Other reactions concerned 
than the Hubstance, the organic compound will with oxidation and reduction may involve 
bi^ transformed almost completely into the irreversible changes, such as the conversion of 
(‘oloured form, whilst with a solution having the oxalate anion into carbon dioxide when 
more powerful reducing properties the organic oxalates arc oxidised by permanganate in aCid 
compound will change <)vcr into the colourless solution. I 

form. In short, Methylene Blue has the proper- Few compounds fulfil the requirements of tfce 
ties of an indicator. Clark {op. Hi.) has pointed ideal oxidation-reduction indicator. Many sun- 
out that it should be yiossible to measure n*duc- stances undergo remarkable colour changAs 
tion intensities by applying colorimetric methods when they are oxidised, but the changes are 
with oxidation-reduction indicators, just as frequently of an irreversible character and o^| 
various buffer mixturcM are utilised in colori- this account such compounds should bo avoided 
metric investigations of pu with the aid of acid- for volumetric work. 

base indicators. Diphcnylamine was introduced by Knop (J. 

For the purposes of volumetric analysis it Amer. Chem. Soc. 1924, 46, 263) as an indi- 
has been pointed out that the ideal oxida- eator for the titration of ferrous salts by di- 
tion -reduction indicator should be a substance chromate. The compound is first oxidised 
having the properties of an oxidising or reducing irreversibly to diphenylbonzidine, then reversibly 
agent which undergoes a striking colour change to diphenoquinone-4:4^-dianil, with a green raeri- 
at some definite change of potential corre- quinone as intermediate, possibly according to 
sponding to the end-point in a reaction such as the equation : 



See Kehrraann and Micewicz (Ber. 1912, 45, oxidising agent is standardised with the indi- 
2641). The colour change takes place at about cator under conditions as nearly identical as 
0-76 volt on the hydrogen scale independently of possible with those in which it is to be employed, 
the Ph of the solution. But the rate at w'hich the Cone and Cady {ibid. 1927, 49, 356) have used 
violet colour develops when ferrous ions are diphenyl benzidine as indicator in the titration 
titrated by dichromato increases with the of zinc by potassium ferrocyanide containing a 
acidity. The sharpness of the end-point of this trace of ferricyanide. At the end-point the zinc 
titration is increased by addition of phosphate is precipitated as a double ferrocyanide, so that 
or fluoride ions to the solution so as to produce the ratio of ferricyanide to ferrocyanide in the 
the complex ferriphosphate or ferrifluorido ions solution is greatly increased with the result that 
and thereby reduce the potential of the ferrous- the indicator is oxidised to the violet colour, 
farric system below the value for simple ions. Another series of oxidation-reduction indi- 
Barium diphenyl^iminesulphonaie is in many cators belonging to the triphenylmethanc series 
respects preferable to the parent substance, of compounds was suggested by Knop (Z. anal. 
The colour change takes place at a potential of Chem. 1929, 77, 111). Furman and Wallace 
about 0’83 volt, and this indicator is much less (J. Amer. Chem. Soc. 1930, 52, 2347) found two, 
subject to interference by other substances than viz. Erioglaucine and Eriogreen, of value in the 
is diphenylamine. The compqpnd is usually titration of ferrous salts by ceric sulphate, 
employed in a soliitioii of 0-3% concentration, Tri-orthophenanthroline -ferrous sulphate, an 

two drops being sufficient for the titration of oxidation -reduction indicator of a different type 
25 ml. of a ferrous salt in N/10 concentration by from those previously considered, was introduced 
potassium dichromate or ceric sulphate. The for volumetric work by Walden, Hammett and 
colour change is from green to violet and is Chapman {ibid. 1931, U, 3908 ; 1933, 55, 2649). 
sharply reversible. The end-point is not strictly The compound has a very stable complex cation, 
coinddent with the equivalence point, a small 

correction being necessary in very exact work, change from tne red ferrous complex to a pale 
The correction may however be eliminated if the blue ferric one takes place at a potential of 1-14 
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volts on the hydrogen scale according to the 
equation : 

Fe(Ci,H,N,),++ Fe(C„H8N,)/++4e. 

The indicator solution is prepared by dissolving 
the calculated quantity of orthophenanthroline 
hydrate (mol. wt. 198) in a 0-025 molar solution of 
ferrous sulphate containing as little free acid as 
possible. One drop is sufficient for the titration 
of 25 ml. of a Nj\0 ferrous solution with either 
ceric sulphate or potassium dichromate. This 
substance is apparently the best oxidation- 
reduction indicator which has so far been dis- 
covered, as the iron-phonanthroline complexes 
are not liable to further oxidation and foreign 
substances in solution are without effect upon 
them. Further, the addition of complex-forming 
ions (fluorides or phosphates) is not necessary 
nor is any correction required for this indicator. 

For a useful monograph on oxidation-reduc- 
tion indicators, ace Brennecke {op. cit. p. 155) 

Adsorption Indicators. 

In 1923 Fajans and his collaborators intro- 
duced organic dyestuffs as indicators for the 
titration of silver and halide ions. Most of the 
early cxiieriments were carried out with fluo- 
resc'cin and certain halogonated fluoresceins 
such as Eosin and Rose Bengal (dichlorotetra- 
iodo fluorescein) (Fajans and Wolff, Z. anorg. 
(’hem. 1924, 187, 221). Such compounds under- 
go striking colour changes at the end-point when 
solutions of halides are titrated with silver 
nitrate, fluorescein giving satisfactory results 
with chlorides, Eosin with bromides, while Rose 
Bengal is particularly useful for iodides. Since 
the colour changes with these dyestuffs take 
place essentially upon the colloirlally dispersed 
particles or upon the surface of the precipitate 
they are known generally as adsorption indi- 
cators. Dichlor(R)-FluoreBcein, having proper- 
ties intermediate between those of fluorescein 
and Eosin, was recommended by Kolthoff, Lauer 
and 8unde (J. Amer. Chera. Soc. 1929, 61, 3273) 
for the titration of chloride in veiy dilute solu- 
tion. These indicators arc generally used only 
in neutral solution, but Eosin may be used in 
very weakly acid solution. Other dyestuff's, such 
as Phenosafraninc, first used by Fajans and 
Weir, and tartrazine. Berry and Durrant 
(Analyst, 1930, 65, 613), can be used in the 
presence of nitric acid up to about 0-5 A^. 

It has been shown that when dilute solutions 
of halide and silver ions are brought together, 
the hydrosol of the silver halide acquires a posi- 
tive charge if silver ions are present in excels, 
whereas if halide ions are in excess the hydrosol 
becomes negatively charged. If an ionisable 
dyestuff is present in the solution, compounds 
can be formed either with the adsorbed silver 
ions and the anions of the dye, or, alternatively, 
between the adsorbed halide ions and the cations 
of the dyestuff. The colour changes which take 
place with adsorption indicators have been dis- 
cussed by Fajans and Hassel (Z. Elektrochem. 
1923, 29 , 496) in terms of ionic deformation 
phenomena on the crystal lattice of the silver 
naiides. Kolthoff (Chem. Reviews, 1935, 16, 87) 
is of opinion that the explanations given by 
Fajans are not quite accurate and has suggested 


an alternative interpretation based upon ex- 
change adsorption. 

The capacity for adsorption of dyestuffs by 
analogous ions increases with diminishing solu- 
bility of the resulting silver halide. The solu- 
bilities of the throe salts in mols. per litre 
are l-4xl0~* for the chloride, ()-726xl0“® for 
the bromide, and 1-0x10“* for the iodide. 
Dyestuffs also vary considerably as regards 
capacity for adsorption by a given silver halide. 
Thus Erythrosin is much more strongly adsorbed 
than Eosin, and Eosin is more strongly adsorbeil 
than fluorescein. These differences are of great 
importance in the practical application of the 
compounds as indicators in volumetric work. 
Titration curves will be found in K. Fajans’ 
monograph (“ Newer Methods of Volumetric 
Chemical Analysis,” edited by W. Bbttgcr, 
1938, p. 203). Dyestuff's of the fluoresetun 
series and tartrazine may be used conveniently 
in 0-5% concentration, and one or two drops 
will be found suitable for the titration of halides 
by silver nitrate or vice verm in volumes of 20-50 
ml. of solutions of the order of Nj\i) concentra- 
tion. Phenosafraninc should however be used 
in more dilute solution, about 0-25%. Titra- 
tions are best carried out in stoppered bottles 
with frequent shaking and it is desirable to add 
a few drops of some suitable electrolyte sui h as 
strontium nitrate solution to facilitate floccu- 
lation of the colloidal silver halide. 

The properties of a few practically useful ad- 
sorption indicators for argentomctric determina- 
tions are summarised in the following Table : 


Indicator. 

Fluorescein. 

Dichlor(R)- 

Fluorescein. 

Eosin. 

Rose Bengal. 

Phenosa- 

franine. 

Tartrazine. 


Titration with 
condltloiiH 


Cl by Ag in 
neutral solu- 
tion. 


Cl by Ag in 
very dilute so- 
lution. 

— + 

Br by Ag in 
neutral or very 
feebly acid so- 
lution. 

— + 

I by Ag in 
neutral or very 
nearly neutral 
solution. 

Br or Cl by 

+ 

Ag or vice 
versa. Best in 
very dilute 

HNO3 solu- 
tion. 

+ 

Ag in dilute 
HNO, solu- 
tion by Cl or 
Br or SCN. 


Colour change 


Lemon -vpink. 
AgCI Ijecomes 
pink at the end- 
point. 

Yellowish-green 

pink. 

Yellowish * red 
red -violet. 


Rose in the so- 
lution to violet 
on the Agl pre- 
cipitate. 

Red ^ blue on 
the surface of 
the precipitate. 


Dye removed 
from precipi- 
tate. Liquid 
becomes rich 
lemon colour. 
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Phonosafraninc in more susceptible to inter- 
ference by (pertain substances in solution than 
tartrazinc. In j^articular, sulphates must be 
absent as they prevent the formation of the blue 
silver derivative of the compound. Rose 
Bengal is useful for the titration of iodide in the 
presence of chloridci by silver nitrate (Fajans 
and Wedfl', lx. ; Berry, Analyst, 1930, 61. 315), as 
silver jcjdide abHor)>s this dyestuff strongly. 

J)iphfnyU'arbazidf has Is'en used by WeUings 
{ibid. 1933, 58 , 331) for determining the enci- 
jioint in tlu' titraticui of cyanides by silver 
nitrate*, the colour change from red to violet 
lM‘ing well marked. Adsorption indicators have 
been used in other precipitation reactions, such 
as AliKai’iii S (sodium alizarinsulphonate) in the 
titration of fcirrocyanides by lead nitrate in 
neutral solution (Biirstein, Z. aiiorg. Chem. 1927, 
164 , 219), and Broniphenol Blue in the titration 
of rnereurouH salts by potassium bromide and 
vice verm (Kolthoff and Larson, J. Amer. Chem. 
Noe. 19.34, 66, 1881). 

Baoioaotive Inoicatokh. 

KleetroHco])ie methods of detecting and 
measuring traces of radioactive substances far 
surjiass spectroscopic methods of analysis in 
sensitiveness. Thus a quantity of 10“ g. of 
thorium -C, a radioactive isotope of bismuth, 
has been detected, as compared with 3 x 10~^® g. 
of sodium which has been stated to be the 
smallest quantity of that element detectable in 
the flame sjiectriim. In selecting a radio -element 
lor use as an indicator it is important to avoid 
one which has too short a half-value period, i.e. 
the time reqiiirt^d for the disintegration of half 
the initial quantity of the element. The in- 
tensity (»f radiation depends not upon the total 
numln'r of atoms present, but upon the number 
of atoms which disintegrate in unit time. The 
practical value of radioactive indicators may now 
be illustrated by one or tw o simple examples. 

Hevesy and K6na (Z. physikal. Chem. 1916, 89 , 
294) determined the solubility of lead chromate 
in water as Ibllow's. To a definite amount of a 
soluble lead salt a known quantity of the radio- 
active isotope thorium -B was added. The 
ehroiiiate was then prepared and placed in water 
to obtain a saturated solution. A definite 
volume WHS then evaporated to dryness and the 
thoriuni-B on the dish determined electro- 
Hcopically. The weight of lead was thus 
obtained and hence the solubibty of lead 
chromate. The value obtained was 2 x 10”^ 
moles per litre at room temperature which is in 
good agreement with the value obtained by 
electrochemical methods. More recent appli- 
cations of radioactive indicators to problems in 
analytical chemistry wuU be found in a paper by 
Rosenblum (Chem. Reviews, 1935, 16 , 99). 

The hydride of bismuth was discovered by 
using thorium-C as indicator and causing 
hydrogen to be generated in an apparatus in 
which this radioactive indicator had b^n placed. 
The gas which escaped was found by Paneth 
to have radioactive properties (Ber. 1918, 51 , 
1704). Having found by radioactive methods 
that bismuth hydride was capable of existence, 
Paneth and Wintemitz {ibid. 1918, 51 , 1728) 


prepared a woighable quantity of the com- 
pound from non -radioactive material. 

Other examples of the use of these indicators 
will be found in Pancth’s monograph Radio - 
Elements as Indicators," McGraw-Hill Book 
Company Inc., New York, 1928, and in that of 

0. Hahn (" Applied Radiochemistry," CorneU 
University Press, New York, 1936). 

The discovery of artificial radioactivity by 

1. Curie and F. Joliot (Compt. rend. 1934, 198 , 
264) has greatly extended the possibilities of 
using radioactive indicators in many different 
types of investigations. By attacking the atoms 
of ordinary elements with a-particles, protons, 
deuterons or neutrons, it is possible to prepare 
isotopes of these elements with unstable nuclei 
and consequently radioactive properties. The 
use of artificial radioactive elements as indi- 
cators in chemical investigations appears to have 
been first suggested by Grosse and Agruss (JL 
Amer. Chem. Noe. 1935, 57 , 591) who studied 
the exchange of bromine atoms between fret! 
bromine and sodium bromide dissolved in water.' 
These experiments were carried out by subject-' 
ing the salt to bombarrlment with neutrons and 
thereby producing a radioactive isotope of 
bromine. Much progress has been made in the 
study of artificial radioactivity since that time, 
and a useful and interesting report on the sub- 
ject, which includes a survey of a number of 
papers on radioactive indicators, has been 
published by Seaborg (Chem. Reviews, 1940, 27 , 
199). 

A. J. B. 

INDIGO, NATURAL AND SYN- 
THETIC. Indigo is one of the most impor- 
tant, and at the same time the most ancient, of 
blue colouring matters. Extensively used for 
pigmenting and for dyeing both cotton and 
woollen materials, it w^as until the end of the 
nineteenth century obtained exclusively from 
a variety of plants, most of them growing in 
tropical countries. The discovery of the 
chemical constitution of the chief colouring 
constituent of the natural indigo, called indi- 
gotin, the invention of synthetic methods for 
producing indigotin from substances obtainable 
from coal tar, and the ultimate successful 
manufacture of synthetic indigo, first accom- 
plished in Germany, constitute brilliant chapters 
in the history of modem scientific and industrial 
chemistry. The triumph of the synthetic article, 
however, spelt disaster for the producers of 
natural indigo, which, os an article of commerce, 
is now practically dead. - 

The greatest advances in our knowledge of the 
chemistry of the process of manufacture of 
indigo from indigoferous plants, and of the 
factors controlling the succ'css of the operations, 
were gained during the last years of the nine- 
teenth and the early years of the twentieth 
century by the labours of British and Dutch 
chemists. But these attempts to put the in- 
dustry on a scientific footing came too late to 
save it. Far more scientific effort had been put 
into the search for a synthetic process, and the 
battle was quickly won by German dyestuff 
manufacturers. 

Indigo is insoluble in water, and is, therefore, 
useless as a dye without modification. The 
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origin of the discovery that indigo could be dia- 
flolvcd in a vat of fermenting organic matter is 
unknown, but all early dyers must have used 
this process. In such a vat the indigo undergoes 
reduction and dissolves as “ indigo- white ” or 
leuco-indigo, which forms a yellow solution in 
alkaline liquors. When a piece of cloth is 
dipped in the liquor or “ vat,” it absorbs the 
almost colourless indigo-white, and when it is 
subsequently exposed to the air oxidation occurs 
and the blue dyestuff is formed in the cloth. 
The so-called fermentation vat is now only used 
for special purposes, mainly in the East. 
Chemical reducing agents are now used, the most 
important being sodium ” hydrosulphite,” 
(N 328204), although others such as zinc dust 
and lime (an older process) may be used. 
Dyeing with indigo is dealt with more fully 
elsewhere (see Vol. IV, 136). 

NATURAL INDIGO. 

Historical. — Methods for preparing indigo 
from the plant are given in ancient Sanskrit 
records, and, although it appears to have been 
known to the Romans only as a pigment, there 
is abundant evidence that it was used in ancient 
Egypt for dyeing mummy cloths. Knowledge 
of the dyestuff is said to have been re-introduced 
to Europe from the East by the great traveller 
Marco Polo about A.n. 1300, but its use in 
Europe was very limited until it began to be 
imfiorted early in the sixteenth century via the 
(kpe of Good Hope. The East India Company 
is stated to have been exporting large quantities 
of indigo by 1615. Its use met with much 
opposition from the growers of woad, and laws 
prohibiting its use were enacted on the Continent 
and in England. It use was legally permitted 
in France in 1737 and gradually its merits became 
universally recognised. Until near the close of 
the nineteenth century, when the manufacture 
of synthetic indigotin in Germany was success- 
fully accomplished, the cultivation of indigo- 
yielding plants and the extraction of the colour- 
ing matter was an important industry in tropical 
countries. 

The most important sources of indigo for the 
European market were India (Bengal), Java 
and Guatemala, the last being of minor im- 
portance, The quality of the product varied 
considerably from time to time and from place 
to place. According to Georgievics, the best 
Indian indigo came from Lower Bengal and 
Bihar, .ind the quality deteriorated going from 
East to West. It was also grown in the Philip- 
pine Islands, China, Japan, Brazil and parts of 
• Africa. 

According to H. E. Armstrong (J. Soc. Arts, 
1919, 67, 446), the acreage under indigo culti- 
vation in India in 1897, the year in which 
synthetic indigo first appeared on the market, 
was 1,688,042; this had fallen to less than 
150,000 by 1914. In 1897 India exported 
169,543 owt. of indigo worth £2,910,000, of 
^ which 62,669 cwt. came to the United Kingdom. 
Two-fifths of the production came from Northern 
Bihar, and, according to Rawson (J.S.C.I. 1899, 
18, 467) the industry employed one and a half 
m^on people. . The loss of this industry was a 
tragedy for India. A revival occurred during 
Vol. VI.— 28 


the war of 1914-18 when supplies of German 
indigo were cut off from must parts of the w^orld 
and other countries had not yet started the 
manufacture. The acreage under indigo rose 
to 316,600 in 1921-2 but thereafter diminished 
rapidly. At the present time there is Uttle 
demand for natural indigo; in 1933 India is 
said to have exported but 417 cwt. of which 
20 cwt. came to the United Kingdom. It is 
said that natural indigo is still used to some 
extent in the Dutch Indies for batik dyeing 
(J, Soc. Dyers and Col. 1937, 53, 248), 

In 1916-22 a serious attempt was made, 
largely inspired by Professor H. E. Armstrong, 
to rejuvenate the natural indigo industry in 
India by organised research. Many people 
considered that by improved methods of culti- 
vation, manufacture, organisation and sales- 
manship it would bo jioHsible to make natural 
mdigo once again conifictitive with synthetic 
indigotin. An account of the whole exjieriment 
and its abandonment owing to political disturb- 
ances and financial stringency is given by W. A. 
Davis (Chem. and Ind. 1924, 266-268, 303- 367). 
Some of the results obtained by Davis and lus 
collaborators are referred to later in this article. 

The Plant and its Cultivation. — The most 
important plants yielding indigo belong to the 
genus IjuHgofera (Fam. lAJguminosie) ; these 
have been cultivated in India, China, Egypt, 
the Philippines, Caracas and Brazil. The follow- 
ing species have been cultivated for indigo manu- 
facture : Indtgofera tinctoria Linn,, i. sunmtrana 
Gaertn. (the Indian plant), 7. disperma Linn., 
I. argenlea Linn., I. arrecta Hoohst (the Natal 
plant), I. paucifolia l)elile(the Madagascar plant) 
and 1. serundijlora l^oir. (Guatemala plant). 
Less important arc /. paeudotinctoria R.Br., 
1. anguatifolia Linn., 7. arcuata Willd, 7. 
carolmiana Walt., I. cinerea Willd, 1. longerac^.- 
moaa Boiv., 7. caeruka Roxb., 7. endecaphylla 
Jacq., 7. glabra Linn., 7. hirauta Linn., 7. indica 
Lam., I. rnexicana Benth. and 7. leptostachya 
D.C. In Japan, Chma and Russia the plant 
usually cultivated has biiicn Polygonum line- 
toriurn Ait. belonging to the genus Peraicaria, 
and the native West African source of indigo 
has been almost entirely Lonchocarpua cyaneacena 
Benth. The European woad plant, at one time 
largely grown in Europe, is laaiia tinctoria. 
Other plants which yield indigo are Nerium 
tinctorium^ Gymnema lingena Spreng, Eupatorium 
leave D.C., Tephroaia tincioria Pern,, Maradenia 
tinctoria R.Br. and certain species of orchids 
such as Phaiua grandifiorua Ren'hb. and CatarUhe 
veratrifolia R.Br. 

The colour-yielding substance, indican, in 
Indigofera species is present almost entirely in 
the leaf, and to some extent in the mid -rib or 
rachis. According to Rawson (The Cultivation 
and Manufacture of Indigo in Bengal, J.8.C. 
1899, 18, 467), the percentage of leaf in a well- 
grown plant is about 40, but other workers 
record values as high os 60^5%. The indigotm 
content of the leaf varies with the season of the 
year (thus Rawson found 0-2% on May 28 and 
0-76% on August 25), the age of the leaf and its 
position on the plant. Although the maximum 
amount of colouring matter is present from the 
middle to the end of August, by this time much 
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leaf has beea lost from the plant ; manufacture 
if), therefore, usually started in the middle of 
Juno. Gaunt, Thomas and Bloxam (J.S.(M. 
1907, 26 , 1174) record a Hnmplo of air-dried 
leaven of i. mimatrana yielding 3-63% of indi- 
gotin, against 0 0% from other samples and 
1 81% from /. arrecia, and they suggest that 
cultivation and selection should increase the 
indigotin content of the plant. 

Up to the early years of this century the plant 
generally cultivated in India was I. sumatranat 
said to be a mixture of several sub- varieties. 
Another speries, 1. arrecta (the Natal plant), 
had been developed in Java by the Dutch indigo 
research station, and had replaced the I. aecundi- 
Jt(jra lorinerly grown. This plant was intro- 
duced into India, largely by Bernard C’oventry 
{see Indigo Improvements Syndicate Report, 
1901), and according to W. A. Davis (lx.) for 
some years gave phenomenal results. Where 
/. aumairana had given only 5 seers (10 lb.) of 
cake indigo per acre, the new plant gave yields 
of ii()-40 seers in several successive years on 
many estates. Such yields enabled indigo 
planters to make substantial profits in com- 
petition with synthetic indigotin, but by 1915, 
owing to a mysterious wilt disease, the yields 
had fallen to only 5-7 seers per acre. Davis 
was successful in showing that the disease and 
consequent failure of the crops was duo to 
deficiency of the soil in phosphates and organic 
matter caused by continuous heavy cropping 
without manurial treatment. It was found that 
7. arrecta coidd be grown with great success in 
Assam, especially for the production ol seed 
which could not be produced on the im- 
poverished soil of Bihar. For a comparison of 
the indigotin content of 1. aumatrana and I. 
arrecta f aee Bergthoil (Report of the Indigo 
Research Station, Sirsiah, 1900, 1907). 

According to W. A. Davis (Publications of the 
Agricultural Research Institute, Pusa, 1920, 
No. 7) high-quality plants rich in indigotin are 
obtained when the soil is poor in nitrogen so that 
the plant is forced to grow on nitrogen taken up 
from the air by the nodule bacteria. It seems 
probable that the activity of these organisms 
determines high indigotin content, and that the 
production of indican is due to the plant 
removing from the nodules nitrogen compounds 
which would be prejudicial to their continuous 
action. A good supply of soluble phosphates 
and of organic matter is necessary. Humus 
suppbed must not contain nitrogen, and cover 
crops such as wheat or mustard which remove 
nitrogen are advantageous. 

The Manufacturing Process. — The pro 
cess of extracting indigo from the plant is s 
simple one, and the operations carried out in 
India and other places in the twentieth century 
are said to differ but little fro^n those of the 
ancient Egyptians. There are tw'o major 
operations, a steeping of the plants in water, 
during which a fermentation takes place, 
followed by an aeration of the resulting solution 
in a separate vessel, causing the precipitation 
of the indigo. The following description is 
given by Davis. The plant is cut in the field in 
the early morning, taken to the factory in bullock 
carts and loaded into cement-lined vats. [It 
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has been shown by Watson (J.S.C.I. 1918, 87 , 
81) that when the plant is air-dried the amount 
of indican present diminishes. It has long 
been known that the indican rapidly disappears 
from the freshly-cut moist leaf.] The vats are 
then filled with water, warmed if necessary to 
90°F., the plants being kept down and held in 
position by cross-beams fastened across the tops 
of the vats. The plants are left to steep in the 
W'atcr about 12 hours ; after about 4 hours a 
bacterial fermentation sets in, the effect of 
which is that the parent substance of the dye, 
the so-called indican, present in the leaves of 
the plant, passes into solution. The materials 
fermented consist of protein and carbohydrate 
exuded from the cut stems, and the gas liberated 
consists, in the early stages, of nitrogen and 
hydrogen, but in the later stages an increasing 
proportion of carbon dioxide is evolved and tl|e 
vat liquor becomes slightly acid. i 

When the fermciitaiion is complete the liquor 
has a slightly yellow colour and contains indoxyt, 
(aee p. 464c). From this liquor the dye is ob-\ 
tained by a process known as “ beating.” Thei^ 
liquor is run into large vats at a lower level, and ^ 
is then thrown up into the air as a fine spray 
by means of a large paddle-wheel. The indoxyl 
becomes oxidised to indigo \ after about hours 
the beating is stopped and the indigo is allowed 
to settle out as a fine blue mud. After a good 
fermentation the settling is nearly perfect, but 
with a bad fermentation it is very incomplete 
and 20-30% of the indigo may be lost. After 
settling, the supernatant liquor is carefully run 
off by special valves and the thick blue mud 
remaining is transferred to a boiling tank where 
water containing a small amount of dilute sul- 
phuric acid is added and the mixture raised to 
the boil by live steam. This treatment prevents 
further lermcntation and dissolves out brown 
impurities (tndigo-glvten). The indigo is again 
allowed to settle and after the clear liquor has 
been run off the residue is transferred to ” filter- 
ing tables,” large frames across which cotton 
cloth is stretched, and drained. The residue is 
then pressed between cloths in large wooden 
boxes, and slabs of indigo 3 in. thick are obtained. 
The slabs are then cut up by wire cutters into 
3 in. cubes which are dried slowly in air to a 
moisture content of 6%, this taking 4-6 weeks. 
The cubes are finally brushed, polished and 
packed for market in large wooden chests hold- 
ing 300 lb. 

Wader . — In the manufacture of indigo, pure 
water in large quantities is needed. J. Bridges 
Lee, “ Indigo Manufacture,” Calcutta, 1892, 
recommends treating hard water with lime, and 
if much organic matter is present, with perman- 
ganate. Alumino-forric may also be used (Berg- 
theO). Davis (Indigo Publication, 1920, No. 8, 
Agricultural Research Institute, Pusa) says that 
in Assam at Panchnoi the water available for 
steeping gave a poor yield and quality of indigo 
because, coming by a small river from nearby 
hills, its bacterial character changed rapidly. 
The soft river water gave a slow growth of 
indican-splitting bacteria, making longer steep- 
ing necessary, and this is known to be dis- 
advantageous. 

Extraction . — ^As is to be expected, the manu- 
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facturing process varies in detail, in different 
places and at different times, and a considerable 
amount of experimental work on the inHuenee 
of various fa(3tors is on record. The fermenta- 
tion may be complete in 6 hours in very hot 
weather, but generally, at a temperature of 
90-92“F., 12-15 hours appear to be necessary, 
both for /. sutnatrana and I. arrecta, according 
to the indican content of the plant. Tlic addition 
of chemicals such as mercuric chloride, sodium 
and potassium carbonates, lime, carbolic acid, 
formaldehyde and sugar does not appear to be 
advantageous, but sodium nitrate is said to 
facilitate the deposition of the indigo in the 
oxidising vat. The work of Thomas, Bloxam 
and Perkin (J.C.S. 1909, 95, 84fi) suggests that 
the addition of a small quantity of sulphuric or 
oxalic acid may lie advantageous. 

An account of a hot-water process of extrac- 
tion IS given by Dr. Roxburgh, dated 1797, in 
Raiicroft’s “ Philosophy of Permanent Colours,” 
London, 1813, who says that a more complete 
and certain extraction of the basis of indigo is 
effected by subjecting the plant to the action of 
water heated to about 15()-1G0“P. A hot-w'ater 
method of extraction was used by the Java 
planters using I. arrecia, and Kawson, who 
carried out experiments with the method on 
/. sumatrana, concluded that it gave a higher- 
((uality indigo (75-77%) than did the ordinary 
method (50-55%), but that the method offered 
no practical advantage except in cold weather. 
l'’oi lurther details consult Bridges Lee (oji. 
Georgia vies, ” Der Indigo,” l^cipzig, 1892, and 
Kawson (The Cultivation and Manufacture 
of Indigo in Bengal, J.S.C.J. 1899, 18, 407 ; 
J. 8oc. Dyers and Col. 1899, 15, 106). 

Oxidation . — Much work was also done with 
the object of improving the oxidation process. 
Kawson considered that the oxidation of the 
fermented bquor was improved by air-blowing, 
a process patented by Geneste m 1888, the yield 
being 20% better than by wheel beating. It had 
long been considered that certain ” precipitants ” 
facilitated deposition of the indigo during oxida- 
tion, their action being probably to cause a more 
rapid oxidation. Coventry, in 1894, patented 
the addition of lime in a vat intermediate 
between the fermentation and oxidation vats. 
This caused the precipitation of calcium and 
magnesium carbonates which carried down im- 
purities. The supernatant liquor was run off 
and oxidised in the usual way, acid being added 
to prevent contamination of the indigo with 
lime. This process gave an increased yield of 
indigo of improved quality, not equal to the 
• Java product, but resembling it in containing a 
quantity of indirubin. Caustic soda, sodium 
peroxide and ammonia can also be used, but the 
best process of all appears to be to blow ammonia, 
steam and air simultaneously into the vat by 
means of an injector. By this process Kawson 
claimed an increase of yield varying from 37 to 
63-8% over that obtained by tho ordinary 
oxidation process. It must be added, howev^er, 
that Bergtheil (Report of the Indigo Research 
Station, Sirsiah, 1^) considered the ammonia 
process little, if any, improvement over the 
ordinary oxidising process when the latter is 
carried out under the best conditions. 
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Sometimes the indigo settles badly and the 
liquor which is run off (the ” seeth ” water) may 
contain as much as 20% of the product. Kawson 
recommended the addition of alkaU to promote 
sedimentation, and Bergtheil recommended 
alumino-ferric. Davis, however, as the result 
of later experiments (Agricultural Res. Inst., 
Pusa, Indigo Publication, 1918, No. 3) pre- 
ferred Dhak gum which does not precipitate 
impurities as alumino-ferric does. When added 
5 minutes Infforc tho heating is ended, Dhak 
gum in certain cases gave an increase of yield 
of 70% wdth /. sumatrana and 35% wu'th the 
Java plant. 

For tho purification of tho indigo paste, it 
appt^ars at one time to have been tho practice 
in the East Indies to boil it with w^ater and soda 
(Bancroft), but writers such as Roxburgh and 
(^osigny recommended the action of dilute sul- 
phuric add. The practice of boiling with the 
diluted acid became general, and Kawson con- 
sidered that th€^ treatment improved the quality 
by 5-10%. After settling, the liquor was 
decanted and the indigo again boiled with fresh 
water, filtered, pressed and dried. It is said to 
be advantageous to dry the indigo slowly to get 
a strong product, because during this slow drying 
some impurities gradually decompose with 
evolution of ammonia. 

As has been stated, indigo was sold in cubes, 
but Briggs devised an apparatus, aii illustration 
of which appears in Bergtheirs report of 1906, 
for drying the indigo to a powder. When syn- 
th(*tic indigo was marketed, the manufacturers 
secured an important selling advantage by 
offering it as a paste, of constant indigotin 
content, which was readily soluble in the dyeing 
vat. W. A. Davis, who started his work in 
India in 1916, quickly paid attention to this 
point, and he claimed to have succeeded in 
standardising tho preparation of a similar 
marketable xtaste from natural indigo. 

Efficiency of Manufacture . — As the above 
description has indicated, there are several 
stages in the manufacturing process whore loss 
of indigo may occur. The chief losses are that 
due to incomplete extraction of the plant, 
believed by Kawson to be about 5% ; the loss in 
the ” seeth ” water through incomplete precipi- 
tation after oxidation, which may be 10-20%, 
or much more in unfavourable circumstances ; 
and the conversion of the extracted indoxyl 
into products other than indigotin, for Perkin 
and Bloxam consider that from the moment of 
its production by hydrolysis of the indican of 
the plant {see later) tho indoxyl is undergoing 
destructive decomposition. Kawson in his 
paper on the Cultivation and Manufacture of 
Indigo {ll.c.), considered that if his suggestions 
wore aci opted there would be little room for 
remunerative alteration in the process, whilst 
Bergtheil, in 1906, considered that 87% of tho 
extractable indigotin was accounted for, and 
62-72% of the theoretical yield was obtained 
as dry colouring matter. Bloxam (J.S.CM. 
1906, 25, 736), however, from the results of careful 
analysis of the daily output from the Pem- 
barandah factory in 1904, calculated that the 
highest efficiency obtained did not reach 60%, 
the average was 25% (about 0-1 496% from the 
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plant, which should be capable of giving 0'6%) 
and the lowest figure reached was 12-6%. 

When natural indigo was at its zenith, very 
many varieties were marketed, but in later 
years severe eompcLition with the synthetic 
article brought about a large reduction in their 
number. From Asia came the indigos of Bengal, 
Oudli, Madras, Java, Manila; from Africa 
those of Kgypi and Senegal ; and from America 
those of Guatemala, flaracas, Mexico, Brazil ; 
other varieties from South Africa and the 
Anfillcs. 'rile best varieties were those of 
Bengal, .lava and Guatemala, that of Bengal 
being most widely used in England. The Java 
variety was of high purity and was much used 
for the manufacture of “ Indigo Extract ” (In- 
digosulphonic acid ; see p. 450a). 

A good quality of indigo had a deep violet- 
blue colour and acquired a coppery lustre when 
rubbed with the linger nail ; it was light, porous 
and adhered to the tongue. Inferior qualities, 
contHining much mineral and extractable matter, 
were dull and greyish in appearance, heavy, 
tough and hard, and not bronzed by rubbing. 
The best qualities cKintained 7()--90% of indigotin, 
average ({ualities 40-50%, inferior qualities as 
low as 20%. A typical good Bengal indigo 
contained indigotin, (il-4% ; iiidirubin, 7-2%; 
indigo brown, 4 6%; indigo-gluten, 1*5%; 
mineral matter 19-6%; water, 5-7%. 

Chemistry of Indioo Extraction. 

Indigo is not present as such in any indigo- 
yielding plant. The colour-yielding constituent 
of the jilants cultivated lor indigo is a substance 
which was named hidican and was proved, after 
much research by many workers, to be a gluco- 
side of iiidoxyl, a substance {see p. 464c) which 
by oxidation with air is converted into indigo. 
Early w'orkers believed that the dye was present 
in the plant ns indigo-white, the reduction pro- 
duct info whhdi indigo must be converted for 
use as a dye (Chevreul, Ann. Chim, Phys. 1808, 
hi, 66, 5, 68, 284 ; Gerardin and Preisser, 
J. Pharin. C^hiin. 1840, fib 26, 344), but Schunck 
(Phil. Mag. 1855, [iv], 10, 73 ; 1858, fivj, 15, 117) 
isolated the glucoside from Isatis Unctoria 
(wond). Polygon urn tinciorium and Indigofera 
tiuctoria (Schunck and Roemer, Ber, 1879, 12, 
2311). The iiidicaii was obtained only as a 
syrup which could be hydrolysed in the presence 
of air by acids or alkalis or by an enzyme 
present in the plant to a sugar, then termed 
truhglucin, and indigotin. In absence of air, 
however, hydrolysis gave a product which did 
not afford indigotin on oxidation, (kild acids 
converted the indican into a brown powder, a 
complex mixture from which Schunck isolated 
six substances called indihmnin^ tndifvacin and 
indiretin, all soluble in warm sodium hydroxide 
solution, and a- and p^indifulvin and indirubin 
insoluble in alkalis. Aqueous solutions of 
indican decomposed on boiling, not giving 
indigotin but indigluein, indiretin and indi- 
humin, browTi amorphous substances. Cold 
alkalis converted indicau into a new^ glucoside, 
indicanifi, hydrolysed by acids to give indigluein 
and indirubin. 

Lt.-Col. G. S. A. Ranking (J. Asiatic Soc. of 
Bengal, 1896, 66 , [ii]. No, 1) first suggested that 
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the fermented leaf extract contains a compound 
of indoxyl and thdt indoxylic acid might also 
be present ; and Marchlewski and Radcliflfe 
(J.S.C.l. 1898, 17, 430) independently suggested 
that indican was the glucoside of indoxyl. 
Hazewinkel, director of the Experimental 
Station for Indigo, Klaten, Java, then disclosed 
the results of w'ork which had been kept secret, 
which proved the identity of indican and stated 
that the sugar w'as dextrose (Proc. K. Akad. 
Wetensch. Amsterdam, 1900, 2, 512). Even- 
tually indican was isolated in a crystalline 
condition by Hoogewerff and ter Mculen {ibid. 
1900, 2, 620) from Indigofera leptoatachya and 
Polygonum tinctorium. Perkin and Thomas 
(J.C.S. 1909, 95, 795) isolated the pure sugar 
from indican and proved that it is dextrose. 
Perkin and Bloxam (J.C.S. 1907, 91, 1715) also 
obtained the crystalline glucoside from I. aiirna- 
trana and I. arreria as follows : — * 

Leaves and stems of I. aumatrana (1,00(1 g.) 
were treated with 4 litres of f!old acetone dumng 
7 days, with occasional shaking, and the grisen 
extract evaporat(*d to a small bulk. Liiht 
petroleum was added, causing deposition of a 
brown viscous precipitate which was repeatedly 
agitated with small quantities of light petroleum. 
The product was then treated w ith w’ater, giving 
a pale yellow liquid from which suspended matter 
was removed by shaking with ether. The clear 
aqueous solution was treated wdth 10 c.c. of A^/2 
sodium carbonate and gradually evaporated in 
vacuo, giving eventually a semi-solid mass of 
ciystals, of which 31 GO g. were obtained from 

l, (m0 g. of leaf. 

Pure crystalline indican, spear-shaped needier 
from water, has the formula C]4H].^0(,N,3H20 
and melts at 67-58°. By adding boihng benzene 
to its alcoholic solution it is obtained anhydrous, 

m. p. 176-178° ; this can be used as a method of 
purification. 

A inodilication of the above method is 
described by B. A. Amin (Agnc. Res. Inst., 
Pusa, Indigo Publication, 1918, No. 5), by which 
the fresh leaves are extracted with hot water, 
tannins, gums, etc., arc precipitated by slaked 
lime, the solution filtered and concentrated. 
The indican is then extracted from the con- 
centrate with acetone, the rest of the procedure 
being as in Perkin and Bloxam's method. By 
this method pure indican was obtained for the 
first time from I, arrecta in large quantities. 
Perkin and Bloxam had trouble in extracting 
indican from this plant, owing to the presence 
of kaempferitrm and a colourless sugar-like 
compound, C4Hi206> ^-P- 186-187°. Amin’s 
method is quicker and more economical in. 
solvent than that of Perkin and Bloxam. 

Beijerinck (Proc. K. Akad. Wetensch. Amster- 
dam, 1901, 3, 102) considers that the glucoside 
from woad, which he calls iaatan, is not, as 
Schunck thought, identical with indican. Woad 
contains a specific enzyme, iaatase, which does 
not attack indican, whilst the indigo enzyme 
does not hydrolyse isatan. 

Indican can be detected in solution, and its 
amount determined, by reaction with isatin, 
when indirubin is formed, or by reaction with an 
aldehyde such as p-nitrobenzaldehyde, piperonal 
or p-hydroxybenzaldehyde, when the corre- 
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Hponding indogenide is formed (Perkin and 
Thomas, J.C.S. 1909, 95 , 796). Analytical 
methods are described later; for indogenides, 
see under Indoxyl Compounds (p. 465a), 

No means appear yet to have been discovered 
for obtaining a quantitative conversion of 
iiidican into indigotin. There would, therefore, 
seem to be an inevitable loss at this stage m the 
inanuiacturing process. By hydrolysing the 
pun' glucoside with hydrochloric acid in presence 
of ferric chloride as oxidising agent Hoogewerf 
and ter Meulen {l.c,) obtained 91% of the 
theoretical yield of indigotin; Gaunt, Thomas 
and Bloxam (J.S.C.I. 1907, 26, 1174) using am- 
monium persulphate, which had lieen recom- 
mtmded by Rawson (Report on the Manufacture 
and Cultivation of Indigo, Mozzuflferpore, 1904) 
obtained only 82%. Perkin and Thomas (l.c.) 
(obtained a maximum of 93-5% by passing air 
through a solution of 0-5 g. of iiidican in 860 c.c. 
of water acidified with 15 c.c. of 33% hydro- 
chloric acid at 60"C. Using air as oxidant, sul- 
phuric acid gave a lower yield than hydrochloric 
and the filtrate was more darkly coloured. 
Some indirubin was always formed in these ex- 
periments. 1‘crkin and Bloxam also studied 
the action of hot dilute sulphuric acid on pure 
indican (r/. Schunck’s experiments, above) and 
observed the formation of substances resemblmg 
indigo brown; they also noted the formation 
of indole. 

The synthesis of indican, identical with the 
mal-erial of the jilant, has been accomplished by 
A. Robertson (J.C.S. 1927, 1937). Methyl 3- 
hydroxyindolo-2-carboxylatc was condensed 
with tctra-acetyl-a-glucosidyl bromide to give 
methyl 3-0-totra-acetyl-j3-glucosidoxyindoie-2- 
carboxylate (1). This was hydrolysed to the 
free carboxylic acid which, on heating with 
acetic anhydride and sodium acetate first at 
100*^' then at 160° was simultaneously decarb- 
oxylated and acetylated to give l-acetyl-3-O- 
tetra-acetyl-/9-gluco8idoxyindole (II) ; this by 
deacetylation gave indican, which is 3-/i- 
glucosidoxyindole. 



,OCeH,0(OAc), 


NH 


O CeH,0(OAc)4 


NAc 

II. 

A. K. Macbeth and J. Pryde studied the 
methylation of natural indican {ibid. 1922, 121, 
1660) and obtained a tetramethyl derivative. 
The sugar residue was then separated by treating 
with methyl alcohol containing 1% of hydro- 
chlorio acid, when a mixture of the two tetra* 
methyl-methylglucosides was obtained, hydro- 
lysed by acid to crystalline tetramethylglucose. 
Indican therefore appears to be a normal 
glucoside. 



The Indigo Enzyme. — ^The indigo-yielding 
plants contain, as has already been mentioned, 
an enzyme capable of hydrolysing indican into 
indoxyl and dextrose, and this enzyme un- 
doubtedly plays an important part in the manu- 
facturing process. The enzyme, and its be- 
haviour towards pure indican, have been studied 
by several workers. C. J. van Lookoren and 
P. J. van der Veen (Landw. Versuehs-Stat. 1894, 
43 , 401) described experiments pointing to the 
xistence of an enzyme causing the hydrolysis of 
indican. Beijeriiick (Proc. K. Akad. Wetensch. 
Amsterdam, 1900, 2 , 120, 495; 1901. 3 , 101) pre- 
pared it in highly active forms. Ho extracted 
finely divided leaves with cold 96% alcohol, 
removed the alcohol and extracted the residue 
w'ith more dilute alcohol to remove chlorophyll, 
indican, wax, etc., and leave a highly active 
white powder. The enzyme is almost insoluble 
ill water, sparingly in glycerol and more readily 
in 10% solutions of sodium and calcium chlorides. 
Ammonia destroys the enzyme. He observed 
that cmulsin also hydrolysi's indican, but only 
one -twentieth as fast as the indigo enzyme. 
Ilazewinkel named the latter indimulsin {ibid. 
1900, 2 , 514; see ako papers by Rom burgh, 
ibid. 1900, 2 , 344; Bergtheil, A.C.H. 1904, 85 , 
877 ; ter Meulen, Kcc. trav. chim. 1905, 24 , 444). 

The hydrolysis of pure indican by the enzyme 
and the oxidation of the indoxyl solution by air 
were studied by Thomas, Bloxam and Perkin 
(J.C.S. 1909, 95, 829). The fermentation was 
carried out in an atmosphere of pure hydrogen 
and the temperature and dilution,, both for 
fermentation and subsequent oxidation, approxi- 
mated to those of factory practice. Employing 
2 g. of enzyme to 1 g. of indican, hydrolysis was 
complete in 2 hours at 50°. The solution con- 
tained only 93% of the theoretical quantity of 
indoxyl ; 4% was adsorbed by the enzyme and 
the loss of the other 3% was due to “ decay ” of 
the indoxyl into products not convertible into 
indigotin. It was show'n that by the addition 
of a trace of sulphuric acid to the fermentation 
both adsorption and decay of the indoxyl could 
bo prevented and the yield raised to 99-6%. 
But although the hydrolysis could be made prac- 
tically quantitative, oxidation by air at 60°C. 
only gave 88% of theory of indigotin, owing 
to secondary changes of the indoxyl. Some 
indirubin is formed, and products of the indigo - 
brown type. It was proved that a trace of 
ammonia (c/. Rawson's recommendation for 
factory manufacture) or lime inhibits the 
secondary changes of indoxyl and increases the 
3 deld of indigotin. Too much alkali, however, 
favours the formation of indirubin; this is 
probably due to production of isatin which 
condenses with indoxyl to form indirubin. 
Perkin (Proc. Chem. Soc. 1907 , 23 , 30) showed 
that Java indigos, rich in indirubin, also contain 
isatin. The conclusion is finally drawn that the 
best yields are obtained by fermenting under 
acid conditions and oxidising under feebly 
alkaline conditions. A quantitative yield of 
indigotin, or of this mixed with indirubin, cannot 
be obtained. For manufacturing purposes 
Thomas, Bloxam and Perkin {l.c.) recommended 
that the addition of a small quantity of sulphuiio 
acid to the fermentation vat should 1^ studied. 
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For the laboratory, however, the most satis- 
factory method for preparing indigotiii from 
plant extract or from pure indican is by simul- 
taneous hydrolysis with hydrochloric acid and 
oxidation. 

Bacterial Fermentation. — There is some 
evidence that hacti*na jday a minor part in the 
hydrolysis of Jiulicaii, and in 1887 Alverez 
isedated from an extract of the indigo plant an 
organism, UacilUis indigogenus, capable of pro- 
ducing fernKintation (Compt. rend. 1887, 105, 
280). 

R(‘yeriiick {Lc. 1900, 2, C03) studied the matter 
and found that infusions of garden soil had th< 
same effect, common gas-producing bacteria 
being the active agents. Bergthcil (Lc.) how- 
ever, found that infusions of the indigo plant 
invariably contained large quantities of an 
organism capable of producing indigo fermenta- 
tion. 

OoNSTITUENTH OP NaTCRAL InDIOO. 

Reference has already lK*en made to the 
occurrence in varying amount of indirubin in 
natural indigo. Some further account will now' 
bo given of this and other products which 

accompany indigotin in the commercial product. 

Indirubin. — Indigo was long known to con- 
tain a redder constituent of higher solubility 
in organic solvents, termed indigo red or 
indirubin. This was eventually proved to be 
identical wdth the isomer of indigotin which is 
obtained by condensing indoxyl with isatin thus: 

COH CO 

\ / 

k A / \ /\k 

NH NH 

Incluxyl. Tsatln. 



Indirubin. 


At one time it w^as considered that two red 
substances might bo present in indigo, but the 
examination of numerous samples by Perkin 
and Rloxam disproved this idea (J.C.S. 1907, 91, 
279 ; 1910, 97, 1460). Some varieties of indigo 
such as that from Java and that made by the 
Coventry process are especially rich in indirubin, 
and at least a trace is probkbly present in all 
samples of the natural dye. Analyses are given 
by Bloxam and Perkin in the table in the next 
column. 

It can bo regarded as established that the 
indirubin arises during manufacture from the 
oxidation of some indoxyl to isatin, and the 
condensation of the latter with more indoxyl. 
This side reaction is favoured when the air- 
oxidation of the leaf extract is carried out under 
acid or* alkaline conditions. Bloxam and 
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Perkin have obtained from pure indican a sample 
of indigotin containing as much as 26-83% of 
indirubin. 

The presence of indirubin in natural indigo 
probably is responsible in part for the difference 
in dyeing properties between natural and syn- 
thetic indigo; it has sometimes been claimed 
that natural indigo gives a more attractive 
“ bloomy ” shade. Indirubin can be reduced 
with sodium hydrosulphite solution to a pa^e 
yellow vat which dyes wool and silk but has 
little affinity for cotton. Indirubin is, however, 
much less readily reduced than indigotin and it 
is said that, in practice, the indirubin settles 
un attacked to the bottom of the indigo vat 
(Matthews, J.S.C.I. 1902, 21, 222). Perkin has 
shown, moreover, that the indirubin vat under- 
goes further reduction to an equimolccular mix- 
ture of indoxyl and its isomer, oxindole ; the 
indoxyl becomes oxidised to indigotin, but the 
oxindole is a wasted product (Proc. Chem. Soc. 
1909, 26, 127). 

Indirubin crystaUises in brown needles with a 
metallic lustre, sublimes more readily and is 
less readily oxidisahle than indigotin. 

Indigo Brown. — All indigos contain an im- 
portant impurity called indigo brown, which 
was isolated and examined hy both Chevreul 
and Berzelius. Perkin and Bloxam examined 
with care the brown- impurity in Bengal indigo 
(J.C.S. 1907, 91, 279). After digesting the indigo 
with boiling dilute hydrochloric acid to remove 
gluten, they extracted ft with boiling pyridine. 
The pyridine extract contained, besides a httlo 
indirubin, three substances, (a) the main con- 
stituent, sN| (7), insoluble in alcohol 

and acetic acid ; (6) 5^3 (7), soluble in 

acetic acid ; and (c) C13HJ4O4N2 (?) soluble in 
alcohol. 

These substances are brown amorphous 
powders, readily reduced by zinc dust in alkaline 
solution giving pale brown liquids. When 
heated with 60% caustic potash solution they 
give some anthranilio acid, indicating that they 
are derived from indoxyl. It was stated earlier 
that Schunck had obtained from his indican, 
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among other substances, indihumin which he 
thought might be the same as indigo brown. 
Perkin and Bloxam by boiling pure indican with 
dilute sulphuiio acid obtained a brown substance 
halting a similar elementary composition to the 
above main constituent of indigo brown. Thus, 
although nothing is known of its constitution, it 
may be concluded that the indigo brown is 
derived from indoxyl during the manufacture of 
indigo. Analyses of indigo made by Perkin and 
Bloxam gave the following contents of indigo 
brown : Java indigo, new hot- water process. 
5-4% ; new cold-water process, 6-2% ; ordinary 
process, 4*16% ; Coventry process indigo, 8 7% ; 
Bengal indigo. 9-6% ; all these were from I. 
arrecla ; Bengal indigo from 1. sumairana con- 
tained 140%. Indigo brown seems to have 
little influence on the dyeing process; its 
presence in large amount can be taken to indicate 
inefficient manufacture. 

Indigo-Gluten . — The gluten may be obtained 
from indigo by extracting with dilute acid, 
neutralising with chalk, evaporating to dryness 
and extracting the gluten with alcohol. Orchard- 
son. AVood and Bloxam (J.S.C.I. 1907, 26, 4) 
describe it as a homy mass, or light biscuit* 
coloured powder, which evolves ammonia when 
heated. The quantity present may be large; 
Perkin and Bloxam found that crude Bengal 
indigo (62% indigotin) lost 21*5% of its weight 
by acid extraction. Whether the gluten plays 
any part- in dyeing has not been scientifically 
investigated. 

Indigo Yellow. — A yellow substance in 
natural indigo was first reported by Bolley and 
(Jrinsoz (Jahresber. 1866, 637) who isolated from 
Bengal indigo, by sublimation, a yellow crystal- 
line compound, soluble in alkali, subhming at 
130°. Ilawson also detected in Java indigo a 
similar compound having the properties of a 
mordant dye (J.S.C.I. 1899, 18, 251). Perkin 
concluded that this substance is the trihydroxy 
flavanol, kaempferol, 



for it was shown that the leaves of 7. arrecta, 
from which Java indigo is prepared, contain 
sometimes as much as 4% of kaempferitrin, the 
rhamnoside of kaempferol. This substance is 
not hydrolysed by the indigo enzyme, but the 
presence of kaempferol in the Java indigo may 
result from the use of sulphuric acid in the 
manufacturing process, the acid hydrolysing the 
kaempferitrin. Since the Bengal plant does not 
contain kaempferitrin, Perkin suggests that the 
indigo examined by Bolley and Crinsoz was not 
of ^ngal origin. 

Seeth Water. — ^An investigation of the pro- 
duct obtained by evaporating the “ seeth " 
water, the liquor from which the indigo precipi- 
tate settles out at the conclusion of the oxidation 
process, was carried out by A. 0. Perkin (J.C.S. 
1916. 109. 210). The only definite substance 
isolated was a little succinic acid; the main 
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product was an amorphous substance resembling 
indigo brown, and there was also obtained a 
protein -like substance, about 20% of the whole, 
containing 8-22% of nitrogen. The seeth '* 
water has some value as a fertiliser. 

The Analysis of Indigo. 

A variety of methods have been proposed for 
the analysis of indigo and the literature is 
voluminous. The object to be achieved is 
generally the determination of the amount of 
indigotin present in the commercial indigo, a 
problem of no small difficulty in presence of such 
impurities as have been indicated above. There 
also come into question methods of determining 
the quantity of indican present in the plant, and 
the quantity of indigotin which the plant might 
be expected to yield. 

Many of the methods which have been pro- 
posed for the analysis of the manufactured indigo 
are only of historical interest. Such are methods 
of extracting impurities with volatile solvents ; 
methods of extracting indigotin with solvents 
such as aniline, phenol, nitrobenzene ; or with 
acetic and sulphuric acid, although this has been 
used as a method of purification (Mohlau and 
Zimmermann, Z. Farb.-u. Textil-chem, 1003, 

2, 189); sublimation of the indigotin; extrao- 
tion of the indigo by various reducing agents. 
Methods which may sometimes be of practical 
use are determinations by dye trials (Grossmann, 
J. Soc. Dyers and Col. 1897, 13, 124) and colori- 
metric methods. The methods of most practical 
importance, however, are those by which the 
indigo is sulphonated and the indigotinsulphonic 
acid IS titrated with an oxidising or a reducing 
agent. 

Oxidising agents which have been proposed 
for the titration are chlorine water (Berzelius), 
chloride of lime (Chevreul), potassium chlorate 
and hydrochloric acid (Bolley, Dinglcrs Polytoch. 
J. 1861, 119, 114), potassium dichromate and 
hydrochloric acid (Schlumberger, J. pr. Chem. 
1842, [i], 26, 217), dichromate and oxalic acid, 
potassium forricyanide (Ullgren, Annalen, 1865, 
186, 96), potassium permanganate (Mohr, 

Dinglers Polytech. J. 1854, 132, 363) and, in 
more modem times, ceric sulphate (private com- 
munication). The reducing agents which have 
been recommended for the titration are sodium 
hydrosulphite (Muller’s method, cf. Bemthsen 
and Drews, Ber. 1880, 13, 2283) and titanous 
chloride (Knecht, J. Soc. Dyers and CJol. 1904, 
20, 97; 1905, 21, 292). Of these methods the^ 
one to which most attention has been given is 
the oxidation process using potassium per- 
manganate. 

The Permanganate Method. — ^To eliminate 
the errors due to the oxidising action of per- 
manganate on substances other than indigotin, 
Rawson devised two methods. The first de- 
pended on precipitating the indigotinsulphonic 
acid with salt, leaving impurities in solution 
(ibid. 1885, 1, 74, 201 ; Knecht, Rawson and 
Loewenthal, A Manual of Dyeing,” 8th ed., 
C. Griffin, London, 1926, Vol. II, p. 816); the 
second depended on adding barium chloride, 
when the precipitated barium sulphate carried 
down suspended impurities. The results were 
identical by both methods (J.S.C.I. 1899, 18, 
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251). The process, using the salting out tech- 
nique, is carried out as follows : finely powdered 
indigo, 0’5 g., is mixed with its own weight of 
ground glass and sulphoiiated in a porcelain 
crucible using 20 c.c. of concentrated sulphuric 
acid at 70'" for J-1 hour ; the product is diluted 
with water to 51)0 c.e. and the liquid filtered to 
remove insoluble irnpurities. 60 c,r. of this 
solution are mixed with 50 e.c. of water and 32 g. 
of common salt, and, after standing for 1 hour 
the prer-ijiitated sodium indigotinsulphonate is 
(!oIlceted and freed from soluble impurities by 
washing with 50 e.e, of salt solution (d 1-2). The 
precipitate is dissolved in hot water, 1 c.c. of 
sulphuru^ acid added, diluted to 300 e.c. and 
titrat/C'd with A^/50 potassium permanganate 
solution. The licjuid gradually takes a greenish 
tint, the final disappearance of which constitutes 
the end of the titration. Each c.c. of N/50 
permanganate is equivalent to O-OOIS g. of 
indigotin. This figure was later corrected to 
000147. 

The analysis of indigo, particularly by the 
permanganate method, was examined critically 
by Bloxam (d.C.S. 1905, 87, 974; J.S.C.l. 1906, 

25, 735), Bcrgtheil and Briggs (ibid. 1906, 25, 
729), Orchardson, Wood and Bloxam (ihtfi. 1907, 

26, 4) and Gaunt, Thomas and Bloxam (ibid. 
1907, 26, 1174). 

Bloxam consiilcrcd that all methods of 
removing impurities failed when the indigotin 
was sulphonated only to the disulphonic acid, 
but found that if the sulphonation was carried 
to the tetraaulphonic a-cid, this could be precipi- 
tated in a pure form by potassium acetate. The 
experiments were made at first with indigo 
purified by sublimation from the Badische Com- 
pany’s synthetic “ B.A.S.F. rein ” material. 
The process is carried out thus : 1 g. of indigo 
mixed with 2-3 g. of powdered glass, free from 
iron, is sulphonated with 5 c.c. of fuming acid 
(25% SO3) for 0-5 hour, in a water oven, and the 
solution diluted to 500 c.c. with water ; 100 c.c. 
of this solution are treated with 100 c.c. of 
potassium acetate solution (450 g. per litre), 
which causes precipitation. The mixture is 
warmed and then cooled in ice w'ater when the 
tretrasulphonate separates completely in crystal- 
line form. It is filtered on a Gooch crucible, 
and washed free from the brown supernatant 
liquor with a solution of 90 g. of potassium 
acetate and 5 c.c. of acetic acid in 600 c.c. of 
water. The product is dissolved in 200 c.c, of 
water, and 20 c.c. of this solution are diluted with 
80 c.c. of water, and aft-er addition of 0-5 c.c. 
of sulphuric acid, titrated with permanganate 
(1/10(K)). The factor given is 1 c.c. of 1/1000 
permanganate =0 00222 g. of indigotin ; Raw- 
son’s figure of 1 c.c. iV/50=0'00147 when cal- 
culated to 1/1000 permanganate is rather higher, 
namely 0-00237. It w as shown that pure indigo 
when mixed with indigo brown and indigo-gluten 

f ave accurate results by this method. Further, 
*erkin and Bloxam (J.C.S. 1910, 97, 1473) have 
analysed natural indigo by this method, deter- 
mining the indigotintetrasulphonic acid after 
isolation and re-solution, by titration both with 
permanganate and titanous chloride, and they 
obtained results by both methods identical 
within the limits of experimental error with 
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those obtained by a method involving an initial 
extraction of indirubin by pyridine (see below). 

Reduction Methods. — The reduction 
methods of deter minin g indigotin depend on the 
fact that both hyc^sulphite (N 82830 4) and 
titanous chloride i^uce indigotinsulphonic acids 
quantitatively to the leuco- compounds. Both of 
these reducing agents are unstable on exposure 
to air, and special precautions have to be taken 
to protect the standard solutions from oxidation. 
Titanous chloride is the less unstable of the two, 
moreover the technique of its use is now so 
well knowm that it is to be preferred. Knecht 
(l.c. 21, 292) found that when the reduction of 
the indigotinsulphonic acid by titanous chloride 
took place in presence of mineral acid the end 
point was indefinite, but sharp results were 
obtained when the titration was carried out in 
presence of a tartrate, namely Rochelle s^lt. 
Bloxam, however, preferred to use sodium tar- 
trate as it is more soluble than Rochelle salt. 
The method used by Knccht is to sulphonate 1 1. 
of indigo with 5 c.c. of 100% sulphuric acid at 
90° for 1 hour, dilute to 300 c.c., treat with 12 
of chalk, cool and make up to 500 c.c. ; 50 c.c. of 
this solution are mixed with 25 c.c. of 20% 
solution of Rochelle salt and titrated whilst 
boiling with titanous chloride. Bloxam sulpho- 
nates 1 g. of indigo with 20 c.c. of 100% H2SO4 ; 
the product is diluted to 500 c.c. and 26 c.c. 
of this, requiring 4 g. of sodium tartrate, are 
titrated with titanous chloride solution contain- 
ing 1 c.c. of cone, hydrochloric acid in 50 c.c. 

Jones and Spaans (J. Ind. Eng. Chem. J916, 8 , 
1001) have suggested titrating sulphonated 
indigotin with sodium formaldehydesulphoxy- 
late. 

Unlike the above reduction processes, the 
oxidation of indigotinsulphonic acid by per- 
manganate is not quantitative in the sense of 
consuming stoicheiometrically related quantities 
of the reagent. Standard empirical conditions 
must be observed to obtain quantitative results 
for analysis. Whereas complete oxidation to 
isatinsulphonic acid would require 0-4824 g. of 
potassium permanganate per gram of indigotin, 
actuaUy only 0-45 g. is needed to decolorise 
the indigotinsulphonic acid. Perkin and Bloxam 
(J.C.S. 1910, 97, 1462) consider that two ex- 
planations are possible, either that the oxidation 
to the isatin stage proceeds in two steps, an 
intermediate compound, possibly the sulphonic 
acid of (I) being formed ; or that two products 
are formed by two separate reactions, one 



\ 

NH NH 


I. 

being possibly a dehydroindigotinsulphonio 
acid. These, however, are speculations. Later 
work by Heinisch (F&rber-Ztg. 1018, 29, 183, 
194) showed that when sulphonated indigotin 
was titrated wdth permanganate at the very 
liigh dilution of 1 part of indigotin in 20,000 of 
water, the permanganate used correspoDded 
with 9 atoms of oxygen to 5 mol. of ind 
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instead of the 2:1 ratio required for isatin 
formation. 

Analyses of Indigos Rich in Indtrubin. 

Indirubin and its siilphonic acid are less 
readily attacked by both oxidising and reducing 
agents than indigotin and its sulphonic acid; 
consequently when the mixed sulphonic acids 
are being titrated with permanganate, titanous 
chloride or hydrosulphite, the indigotinsul- 
phonic acid is to some extent preferentially 
attacked. It has been claimed by llawson that 
an approximate estimate of the indirubin 
present may be obtained from the colour change 
towards the end of the permanganate titration ; 
and Knecht makes the same claim for the 
titanous chloride process. Other workers, in- 
cluding Bloxam and Perkin, and Koppeschaar 
(Z. anal. (^hein. 1899, 38 , 1) do not a^ee. 
Generally, for indigos rich in indirubin, it is 
preferable to extract the latter with a solvent 
before sulphonating. 

for the extraction of indirubin, ether was 
used by Rawson, glacial acetic acid by Koppes- 
chaar and acetone by Gardner and Denton 
(J. Soc. Dyers and Col. 1901, 17, 170). Bloxam 
and Perkin re-examined the question and con 
chided that the solvent power observed of 
other and acetone for indirubin was in reality 
due to their alcohol content. Acetic acid was 
fairly satisfactory, but pyridine was better and 
they devised a method based on its use (for 
details, ace J.C.S. 1910, 97, 1460). The in 
dim bin extracted by the pyridine contained 
some indigotin. It was sulphonatod, after it 
had been freed from indigo browm, and the 
indirubin and indigotin contents were deter- 
mined by comparison in a Duboscq colorimeter 
with mixtures of standard solutions of sulphonic 
acids of pure indirubin and indigotin. The 
residual indigotin, after extraction with pyridine, 
was freed from indigo-gluten and determined, 
for example, by the tetrasulphonate method. 

Determination of Indican in the Leaves 
of Indigo Plants. — Considerable research was 
devoted to devising a means for estimating the 
indican content of plants, this being among 
the data necessary for determining the efficiency 
of the manufacturing process. Rawson devised 
a process consisting in extracting the leaves 
(20 g.) for 2 minutes with boibng water (250 c.c.) 
and simultaneously hydrolysing the extracted 
indican with h^’^drochloric acid and oxidising to 
indigotin with ammonium persulphate. This 
process was later improved to give a higher yield 
, of indigotin by Bergtheil and Briggs (J.S.C.I 
1906, 734) and by Orchardson, Wood and 

Bloxam {ibid. 1907, 20 . 4).‘ 

A better method was later devised, based on 
the reaction of indoxyl with isatin to give 
indirubin. Orchardson, Wood and Bloxam (Lc. 
proceed as follows : to 250 c.c. of plant extract, 
from 6 g. of leaf, is added 01 g. of isatin and the 
mixture is boiled in a flask for 6 minutes, to 
expel air, whilst carbon dioxide is passei 
through. By means of a tap funnel 20 c.c. ol 
hydrochloric acid are added and the liquid is 
kept boiling for 30 minutes. The precipitated 
indirubin is filtered, washed with hot 1% sodium 
hydroxide and then with acetic acid, driod and 
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weighed. The indirubin obtained is practically 
)ure (98*5%) and the weight can be taken for 
calculating the indican content of the sample ; 

>r for greater accuracy it can be snlphonated and 
titrated with titanous chloride. This method 
gives quantitative figures with pure indican, and 
higher figures both with pure indican (15%) and 
with loaf extract (25%) than the persulphate 
process, probably because persulphate has an 
oxidising action on indigotin. 

Analysi.s of Synthetic Indigo. 

S 3 mthotir indigo can, of course, be determined 
by sulphonation and titration with perman- 
ganate as described for natural indigo, and with 
the synthetic product the difii(‘ultics due to the 
presence of so many irapuritjes do not arise. 
W. Thomson (d. Soc. Dyers and Col. 1921, 37, 
160) gives directions for the use of the per- 
manganate method for the analysis of 20% 
ndigo paste, (.-eric sulphate has found appli- 
cation in an industrial laboratory for the 
rieterrainafcion of indigo, after sulphonating. 
As with permanganate, the method is empirical, 
and comparative titrations are carried out on a 
sample of pure standard indigo and the sample 
to be tested. The sample of indigo to be 
analysed is first extracted with hot hydrochloric 
acid (2-5 g. of indigo, 100 c.c. of water and 30 c.c. 
concentrated acid at water-bath temperature) 
for 10 minutes, filtered, washed and the loss in 
weight determined. About 1 g. ol the dried, 
extracted indigo is sulphonated in a test tube 
with 12 0 c.c, of concentrated sulphuric acid 
{d 1’84) for 1 hour at 75®, and the mixture 
poured into 500 c.c. of water. After adding 
washings, the whole is marie up to 1 btre, filtered, 
and 50 0 e.c. of the solution, diluted with 300 c.c. 
of water are titrated, in a 7 in. porcelain basin, 
the ceric sulphate being run in at the rate of 
about 6 0 e.c. per minute until the greenish 
colour disappears. The end point is observed 
best by running in 3 or 4 drops of ceric sulphate 
solution and stirring slowly, a streaky effect 
showing that indigotin is still present. 

The ceric sulphate solution used for the titra- 
tion IS prepared by dissolving by warming 20 g. 
of technical ceric sulphate in a mixture of 41 c.( . 
of concentrated sulphuric acid and 400 c.c. of 
distilled water. The solution is cooled to room 
temperature, filtered through gloss wool and 
made up to 1 litre with distilled water. The 
strength should be adjusted so that 50 c.c. of 
sulphonated indigo solution (about 0-05 g. of 
indigotin) is equivalent to 45 c.c. of the ceric 
sulphate solution. 

An electrometric method for determining 
indigotin, especially in reduced indigo prepara- 
tions, has been described by Strafford ami 
Stubbings (J.S.C.I. 1938, 57, 242). It consists 
in adding a known amount of hydrosulphite to 
reduce the. indigo present, and following the 
electrical potential whilst titrating w ith Kehling’s 
solution. The potential curve gives the amount 
of hydrosulphite and of leucoindigotin present, 
and from the former the amount of indigotin 
reduced by the added hydrosiilphite can be cal- 
culated. For details the original must be 
consulted. 

A colorimetric method for determining the 
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indigo content of a vat is dc^flcribed by J. 
LotichiuB (if, 8oc. DyorH and Col. 1939, 55, 87 ; 
1940, 56, 433). A known amount of the vat is 
oxidised by hydrogen peroxide in presence of 
sodium protoalbinate which prevents precipi- 
tation of the indigo so that a blue sol is obtained. 
This, after suitable dilution, is compared colori- 
metrically with a sol of known indigo content or 
with a dyestuff solution of similar shade, such as 
Sirius Blue B, which has been standardised 
against a known indigo sol. 

SYNTHETIC INDIGOTIN. 

Pure indigotin is a solid substance which can 
be crystallised from a number of solvents, 
especially from phthalic anhydride, from which 
it separate's in beautiful blue prisms, which 
when rublK5d have a coppery sheen. It is in- 
soluble in water, acids and alkalis and cold 
alcohol; slightly soluble in hot alcohol and 
acetone, more readily in chloroform and glacial 
acetic acid, readily in boiling aniline, nitro- 
benzene and phenol. It can be volatilised giving 
a violet vapour, its density corresponding with 
the formula Cj(iH]qN 202- Its absorption spec- 
trum shows a maximum at ASOCMIa. in xylene, 
and A()015a. in tetrabn. 

Chemical Structure and Early Synthetic 
Methods. — The chemical structure of indigotin 
was elucidated by the German chemist Adolf 
von Baeycr, after he had devoted many years 
to the study of the dyestuff and compounds 
related to it. He devised, in the course of his 
work, several methods by which indigotin could 
be prepared artificially, but it was not his 
fortune to discover a process which was suitable 
for manufacture; this problem was solved by 
others. 

Bacyer has himself disclosed the motives which 
inspired his work on indigo in a paper which tells 
the story of his researches down to 1880 (Ber. 
1900, 38, Sonderheft, LI). In 1820 llnverdorben 
had obtained aniline by dry distillation of 
indigo, and later, in 1841, Fritzscho had obtained 
anthranilic acid, which was later to be of such 
importance for indigo manufacture. Thus the 
benzenoid character of indigotin was fully 
established, and in 1841 Erdmann, and in- 
dependently Laurent (1842), had obtained isatin 
by oxidation of indigo. ;^eyer decided to in- 
vestigate isatin, especially the problem of 
reducing it back to indigotin. This work led to 
the discovery of dioxindolo (I), oxindole (11) 
and eventually of indole (III), which was 




CH 



obtained by Baeyer and Emmerling by fuaing 
o-nitrocinnamic acid with potash and iron filing s 
{ibid. 1869, 2, 680). 

The following year the same chemists obtained 
some indigo by heating isatin with phosphorus 
trichloride and acetyl chloride in presence of a 
little phosphorus at 75-80° {ibid. 1870, 8, 614). 
Baeyer returned to the consideration of this 
reaction 8 years later. By then he had con- 
cluded that isatin had the formula (IV), and 
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he realised that, to convert isatin into indigo, 
he must attack the carbon atom which lie 
attached to the nitrogen atom. He, therefore, 
now used phosphorus pcutachloride and ob- 
tained an intermediate substance, to which hb 
assigned formula (V). This was readily reduce^ 
by a variety of agents, including ammonium 
sulphide, to indigotin. For about 8 years after 
1870 Baeyer left the indigo field to Kokule, who 
was trying to synthesise isatin without success. 
About 1878 Baeyer took up the subject again. 
He succeeded in nitrating phenylacetic acid to 
the o-nitro- derivative, and on reduction this 
readily gave oxindole by ring- closure. To make 
the indigotin synthesis complete it was now 
necessary to convert oxindole into isatin. This, 
was done through nitroso- oxindole (VI) and 
amino-oxindolo (VII), the latter giving isatin 
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on oxidation {ibuL 1878, 11, 584, 1228). An 
independent synthesis of isatin from o-nitro- 
benzoyl chloride through o-nitro benzoyl cyanide 
and o-nitrobenzoylformic acid was accomplished 
by Claisen and Shadwell {ibid. 1879, 12, 350). 
When the nitro-group of this acid is reduced the 
resulting o-aminobcnzoylformic acid undergoes 
ring- closure, thus confirming the suggestion 
made by Kekule {ibi(L 1869, 2, 748) that isatin 
is the inner anhydride or lactam of this acid. 

So far no synthesis of indigotin having any 
technical importance had been discovered, but 
when Baeyer turned his attention to o-nitro- 
cinnamic acid the outlook changed ; from this 
time (1880) onwards, all discoveries having the 
slightest chance of being workable were patented, 
and the Badische Anilin- und Soda-Fabrik took 
an active interest in the search for an indigo 
synthesis. 

A vast amount of time and trouble was ex- 
pended in trying to devise a satisfactory syn- 
thesis from o-nitro -substituted acids, ketones, 
etc., of the benzene series. The methods all 
broke down, however , on account of low yield 


III. 
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or of difficulty in getting the requisite o-nitro> 
compound. Generally o-nitrobenzaldehyde was 
needed as a starting material, a substance 
notoriously difficult to get. Baeyer's first 
success was obtained by converting o-nitro- 
oinnamic acid through its di bromide (1) into o- 
nitropropiolic acid (II), which with mild reducing 
agents gave indigotin \ihid. 1880. 18, 2254) : 



CHBrCHBrCOjH 


NOj 



Indigotin. 


This process was patented (G.P. 11857), and 
was sold to the Radischc Co. and the Hochst 
Farbwerke jointly. 

Another method devised was that involving 
addition of hypochlorous acid to o-nitro- 
cinnamic acid to give (III), followed by removal 
of HCl to form o-nitrophcnyl-j3-hydroxyacryli<- 
acid (IV), whi(‘li on heating gave indigotin (Rcr. 
1880, 13, 22(52) : 



CH(OH) CHCI 

NOa 


III. 


rY 


C(OH);CH 


CC 


Indigotin. 


Another synthesis of great theoretical interest 
was from o-iiitrophenylacctylene, obtained by 
heating o-nitrophenylpropiolic acid in water. 
The copper compound of the acetylene when 
mildly oxidised with ferricyanide gave dinitro- 
diphcnyldiacetylene (V), converted by fuming 



VI. 


indigotin {ibid. 1882, 15, 50). Baeycr's synthesis 
of indoxyl (which see) and thence of indigotin 
by oxidation follows similar lines. 

o-Nitrobenzaldehyde was condensed by Baeycr 
and Drewsen with acetone to form jS-hydroxy-^- 
o-nitrophenylethyl methyl ketone, 

^CH(OH)CHg CO CHj 

^NO, 



which is converted into indigotin by simple 
treatment with alkali {ibid. 1882, 15, 286(5) ; 
instead of acetone, other substauecs such as 
pyruvic acid could be used. 

Of all the above processes, only two aehieved 
transitory pi aetieal apidicatioii. o-Nitrophenyl- 
propiolie acid was sold, as its sodium salt, by 
the Badische Co., to be made up into a printing 
mixture immediately before use with a thiekener. 
a xaiithate as a reducing agent and borax as a 
mild alkali. Its use was restricted owing to its 
high cost and the objectionable odour of the 
xanthate. Kallo and Co. marketed the bisul- 
phite compound of Baeycr and Drewson’s ketone 
as “ Indigo Salt^” also for calico printing, but it 
had a restriciod use. 

Structure of Indigo. — As a result of his 
work, extending over about 18 years, Baeycr 
m a masterly paper {ihid. 18815. 16, 2188) formu- 
lated his views on the structure of isalJn, 
indoxyl, the iiidogenidc^s and finally of indigotin. 
The fonnuhe which he advanced have stood the 
test of time and have bewi the loundatifui on 
which a vast (diapter of chemistry has been built 
up {see Indkioid Dyestuffs). The matter is 
referred to again, however, under structure and 
colour {see p. 447a). 

The arguments leading to this formula for 
indigotin were briefly : 

(1) Indigotin contains two imino groups. 

(2) The carbon atom next to the benzene ring 

must carry an oxygen atom. 

(3) The formation of indigotin from dinitro- 

diphenyldiacetylene proves the presence 
of the chain CQH 4 -C-C-C‘C'CgH 4 . 

Indigotin must bo closely related to indiruliin ; 
the two are isomeric, and since indirubin must 
be the ^-indogonide of isatin, indigotin must lie 
the a-indogenide. The formula) with con- 
ventional numbering are given below ; 



sulphuric acid into an isomeric compound, 
di-isatogen (VI) which by reduction gives 


Indirubin. 
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Raeyer pointed out dearly in this paper that 
both isatin and indoxyl are capable of reacting 
in two formH, oXving to the lability of a hydrogen 
atom. He gave to the corapoundfl and their 
/iseudo-forms the following formula* ; 




CO 

\(OH) 


CO 

A 

CO 




J 

NH 

0-lHatm. 


N 

iHaiiii. 

COH 

I 9^ 

^ / 

NH 

liidoxyl. 


An explanation of the formation of indigotin 
Ironi Haeyer and Drewson’a o-nitrobenzalde- 
hyde-acetone eondenaation product has been 
afl valued by T. Tanaseacu and A. Georgcacu 
(Bull. iSoc. (iiim. 1932, [ivj, 61 , 234). They aup- 
poHO that the ketol (1) passes with loss of water 
into the o-nitroHo-eompound (11) which, in 



I 




,CH(0H)CH2 C0 CHj, 


NO, 


1 . 


/ 


CO CHg CO CHa 


\ 


NO 


11 . 




yield, as high as 73%, can be obtained by 
acotylating the amino group and heating the 
o-acetamino-cu-bromoacetophenono with alkali 
in an air current. 

The kctols obtained by condensing o-nitro 
bonzaldehyde with acetophenone and its sub 
stitution products also give indigotin with alkali 
I. I'anasescu and A. Baciu (Bull. Soc. ehim 
1937, [vj, 4 , 1673) have shown that negative 
substituents in the benzene ring of the aecto 
phenone favour indigotin formation, and in 
particular the compound from acetophenonc-4- 
carboxylic acid, 

CH(OH)CH,CO<^^^ ^CO,H 
NO, 

passes quantitatively into indigotin by simple 
dissolution in alkali. 

Manufacture of Synthetic Indioo. 

The discovenes underlying modern manu- 
facturing methods for indigo were made 
by K. Heumann, of the Zurich Polytechnic (Ber. 
1890, 23, 343), who in 1890 observed that both 
phenylglycine and phenylglycine-o-carboxylic 
acid are transformed into indoxyl by fusion with 
caustic potash. The procsesses were patented 
(G.P. .54626, 5627.3, and numerous additions) and 
were acquired by the Badisohe Anilin-und Soda- 
Fabrik. The yield Irom phenylglycine was very 
small ; that from the phenylglycinc-o-carboxylic 
acid was better, and it was on this process that 
attention was concentrated. As has been shown 
by published experimental results, yields of 
indigo as high as 89% of theory can be obtained 
by fusing phenylglycine-o-carboxylic acid with 
12-16 mol. proportions of caustic potash at 260"^ 
for 10 minutes and oxidising the indoxyl formed 
(M. Phillips, J. Ind. Eng. Chem. 1921, 13, 759). 
Caustic soda gives lower yields than caustic 
potash. The reactions involved are the fol- 
lowing : 

s^NH-CHaCOjH 



presence of alkali cyclises to (III), 2 mol. of 
R{]iich by hydrolysis give acetic acid and 1 mol. 
of indigotin. 

The first claim to have synthesised indigo was 
made by Emmerling and Engler (Ber. 1870, 8, 
885), who obtained a very small quantity by 
heating o-nitroacetophenone with zinc and soda- 
lime. Much doubt was thrown upon their 
claim as for a long time the experiment could 
not be repeated successfully, but it was even- 
tually admitted that a trace of indigo can be 
thus obtained. Later it was shown that o-amino- 
acetophenonc, and especially o-amino-oi-chloro- 
(bromo-)acetophonone can thus be converted 
into indigo. It has recently been shown by 
P, Buggli and H. Reichwein (Helv. Chim. Acta, 
1937 , 20 , 913) that while the free amine gives a 
veiy low yield of indigotin a much improved 


COjH 

NH 



CO,H 


Indigotm. 


CO 


This process was the one utilised by the Badisohe 
Go. in the first successful manufacture of 83rn- 
thctic indigotin. which was launched on to the 
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market in 1897. There were many diffioultiea, 
however, to be overcome before the project 
became a success, and the Badische Co. ^one is 
said to have expended £1,000,000 in research 
and experiment before manufacture succeeded. 
Phenylglycine-o-carboxylic acid, which was to be 
the starting-point of the synthesis, had to be 
manufactured from anthranilic acid and chloro- 
acctic acid. In view of the enormous quantities 
of anthranilic acid that would be required, its 
preparation from o-nitrotoluene was not feasible. 
Fortunately, another process was available, 
namely, the application of the well-known Hof- 
mann reaction to phthalimidc. Sodium phthal- 
imide is treated at a low temperature with sodium 
hyjiochlorite when the following reaction occurs : 

CO 

C.H,^ ^NNa+NaOCI+H,0 
CO 

SodiUTii phtliallmide. 

/COjjNa 

^ -fNaCI+COa 

^NHa 

Sodium aniliranilate. 

The phthalimidc for this process is readily 
obtained by the action of ammonia on phthalic 
acid or anhydride. Fortunately at about this 
time there was discovered a cheap and facile 
process for obtaining phthalic anhydride by the 
oxidation of naphthdene with sulphuric acid in 
presence of mercuric sulphate. Thus it was 
possible to found the synthetic indigo industry 
at once on a cheap, abundant raw material, 
naphthalene. At the same time the success of 
the enterprise must turn on the economical 
utilisufion of all materials and the recovery of 
by-products. The manufacture of phthalic 
anhydride used up vast quantities of sulphuric 
acid which were converted into sulphur dioxide. 
This largo production of sulphur dioxide was 
re -oxidised to sulphuric acid by the “ contact ” 
process, a process for the manufacture of sul- 
phuric acid which undoubtedly was stimulated 
by the develoiiment of indigo manufacture. The 
ultimate success of the first synthetic indigo 
manufacture is attributed to the courage, in- 
ventive genius and perseverance of Rudolf 
Knietsch of the Badische Co. 

The next important discovery bearing on 
indigo manufacture came from a source outside 
the dyestuff firms. The Deutsche Gold- und 
Silber-Scheideanstalt in Frankfurt a/M. were 
manufacturers of sodamide, for sodium cyanide, 
and one of their chemists, J. Pfleger, discovered 
that the conversion of phenylglycine into indoxyl 
in the alkali melt goes much more smoothly, in 
fact practically quantitatively, when sodamide 
is used instead of sodium hydroxide. This dis- 
covery immediately put the manufacture of 
indigo in a new light, since aniline now became 
a competitor of anthranilic acid as starting 
material. It is true that the Pfleger process was 
also applicable to phenylglycine-o-carboxylic 
acid, but any improvement due to such a modifi- 
cation could hardly off-set the lower price of 
aniline compared with anthranilic acid. The 


AND SYNTHETIC. 

process was acquired by the firm of Meister, 
Lucius and Briining, who at about the same 
time discovered an important new method 
of manufacturing phenylglycine without using 
chloracetic acid. They applied some earlier 
work of Bender and of Miller and Plochl on 
anhydroformaldehyde-anilino, and showed that 
phenylglycine-nitrile could be readily and 
quantitatively obtained from aniline, formaldci 
hyde and sodium cyanide (G.P. 151538, 1901); 

CHjO-l-NaCN 

-CflHj NH CHjCNH NaOH 

Subsequent hydrolysis of the nitrile gives the 
glycine. 

These two discoveries paved the way for what 
is now, probably, the only practically W'orked 
process for indigo manufacture ; in brief, the 
preparation of phenylglycine from aniline, 
formaldehyde and sodium cyanide ; fusion of 
the sodium phcnylglycinato with mixed caustic 
potash and soda in presence of sodamide ; and 
oxidation of the indoxyl by means of air. Water 
is formed during the cyclisation and it is the 
function of the sodamide in the fusion to counter- 
act the dcstructivo effect of this water at the 
high temperature used : 



CONa 


and 1 mol. proportion of sodamide should suffice 
for this purpose. 

l^etails of the above fusion and oxidation 
jirocesses are given by Fierz-David, “ Kiinstliche 
organische Farbstoffe,” Berlin, 1926, pp. 441- 
443, and by F. Henescy (J. Soc. Dyers and Col. 
1938, 54, 105). The two descriptions differ in 
detail, from which one can infer that the pro- 
cesses employed differ in different factories. It 
can bo gathered from the descriptions that the 
phenylglycine may be used as a mixture of 
sodium and potassium salts ; that the mixed 
alkali used is about 4 times the weight of the 
phenylglycine, ami may contain KOHiNaOH 
in the ratio 2:1. The sodamide may, according 
to Fierz-David, be made in situ in the fusion pot 
by passing dry ammonia into the vessel contain- 
ing a mixture of caustic soda and potash at 350^? 
and adding sodium whilst the mass is allowed 
to cool. The glycine salt is added at a tempera- 
ture of about 190“. According to Honesey the 
fusion is finished at 220“ in an inert atmosphere, 
and 18 complete in 6J hours ; Fierz-David gives 
a fusion temperature of 190-210“ and a total 
duration of 2^ hours. Henesey claims that the 
best yield is obtained using 2 mol. of sodamide 
per Jttol. of phenylglycine. At the end of the 
fusion the mass is discharged into ice and water, 
thus keeping the temperature below 50“, and is 
air-blown to oxidise the indoxyl to indigotin. 
According to Honesey the concentration of 
indoxyl at this stage should be about 4% and 
of alkali about 6% (these figures should represent 
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the proportions of glycine to alkali used in the 
fusion, which Henesey docs not give) and the 
temperature should not exceed 70". The preci- 
pitated indigotin is filtered in a press, washed 
with water, then washed in a vat with dilute 
acid to remove alkali, finally filter-pressed and 
washed again. It is then ready lor standardising. 

An imjiortant part of the jirocess is the 
recovery of the alkali concentration of the 
dilute solution obtained alter the filtration of 
the indigotin. The yield of indigotin is given 
by H(‘nt‘Hey a.s about 02-.')% on the phenyl- 
glycine. There are, lio\\ever, recoveries which 
bring the yield much higher. During the fusion, 
some 8% of the glycine is hydrolysed to methyl- 
anilmc and aniline, which are recovered ; and 
during the oxidation some antlinmilic acid is 
formed, whiih is also recovered. Another by- 
product formed in small amount is flavindine 
(quindoliiie-4-carboxylic acid), formed by inter- 
action of isatin (or the corresponding acid) and 
indoxyl, thus : 


c„h/ 


CO CO-H 


NH, 


+ CH, 


NH 


CO 


I 

c 


NH 


C 


synthesis of indigotin itself, yet served as the 
cheapest process for isatin and its substitution 
products. Unlike the other technical syntheses 
it arrives at indigotin through an isatin deriva- 
tive. The synthesis starts with thiocarbanilide. 
obtained quantitatively from aniline and carbon 
disulphide. This is treated simultaneously with 
lead oxide and hydrocyanic acid, when it is 
converted quantitatively into “ hydrocyano- 
carbodiphenylimide ” (eyanodiphenylformami- 
dine) : 


SC 


/NHPh _h2S+hcn 


\ 


NHPh 


:-C< 


NC— C 


NPh 

NHPh 


The last compound when treated with yellow 
ammonium sulphide is transformed by addition 
of HjS into a thioamide which is converted by 
concentrated sulphuric acid into isatin-2-arlil, 
m.ii. 12G", 


NH 


C:NPh 


/ 


NC 



Klaviiuliiic. 

I’^ierz-David claims that the ovei-ull yield of 
indigotin by the process is about 90% ot theory. 

Only brief reference can be made to two other 
processes wliieli havf^ been used for the manu- 
facture ot indigo. The Badisehe (>o. is said to 
have manufactiiied large quantities of indigo 
between 1912 and 1914 by alkaline fusion of 
p-hydroxyethylnniline, obtained from aniline 
and ethylene eblorohydrin (sec Fierz- David, op. 
cit. 443-44). The fusion follow^s much the same 
course as that of phcnylglyeino, except that a 
mixture of caustic alkali and quicklime is used : 



j8-Hy druxycthy laniliiie . 


NH 



Indoxyl. 

and the formation of indoxyl is accompanied 
by that of hydrogen. 

Another synthesis is that of T. Sandmeyer 
(Z. Farb.-u. Textil-chem., 1903, 2, 129), which, 
although it failed to be applied for the 


The anil is readily hydrolysed by boiling 
dilute acid to isatin and aniline. It can be con- 
verted into indigotin by reduction with am- 
monium sulphide in alcoholic solution ; or it 
can be converted by means of sodium hydro- 
sulphide into a-thioisatin which, when treated in 
aqueous suspension witli sodium carbonate 
deeoniposes into indigotin and sulphur : 

CO 

2C^H^ CS 

\ / 

NH 

2-thiuisatiii. 

CO CO 

-> C,H^ % = ^eH, +2S 
NH NH 

(For a full description, see H. E. Fierz-David and 
L. Blangey, “ Grundlegende Operationen der 
Farbenchemie,” 4th ed., 1938.) Sandmeyer’s 
pro(;eBs, which gives an over-all yield of 80% 
of theory, was used for manufacture for a time 
by J. R. Geigy & Co. of Switzerland. One of 
its drawbacks was its extensive use of sul- 
phuretted hydrogen, a dangerous industrial 
poison. 

In 1914 the manufacture of synthetic indigo 
was confined to two firms in Germany, the 
Badisehe Co. and Meister, Lucius und Brfining ; 
and one in Switzerland, the Society of Chemical 
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Industry in Basle. The firm of Mcister, Lucius 
und BrUning had started to build a factory, and 
nearly completed it, at Ellesmere Port in 
Cheshire, when war broke out in 1914. This 
factory was opened for indigo manufacture by 
Messrs. Levinstein Limited, and eventually 
became absorbed into the British Dyestuffs 
Corporation and then into Imperial Chemical 
Industries Limited. 

After the war of 1914-18 manufacture was 
successfully taken up in the United States, 
France, Italy and Japan. Russia was reported 
to have started a factory in the l^krainc in 1936, 
but by 1939 this attempt was said to have lieen 
unsuccessful. It may be that the saturation 
point has been reached. Already in 1926 Fierz- 
David estimated the output at 10,000,000 kg., 
about 10,000 tons, of 100% indigotin per annum. 
It seems probable, too, that fur some of its uses 
indigo has been, and is being, displaced by newly 
discovered dyestuffs. 


CO CO 

Cgbf^^ C ■ ' CjH, 

N N 

\cO— 

II. 

This substance has a red colour and, according 
to Posner (Ber. 1926, 59 | HJ. 1799) its absorption 
spectrum is of the same type ns that of indigotin, 
as is that of the corresponding derivatne from 
indigotin and ethyl malonate. On the other 
hand the oxalyl derivative (II), which can be 
obtained from indigotin and oxalyl chloride in 
pyridine at room temperature (Van Alphen, 
ihul. 1939, 72 [B], 526), must be a cis-indigotin 
derivative. This compound is yellow', but its 
dtanil is red -violet and the diethoxyoxsl^dindigo 
(III) is also red-violet (Van Alphen, Bee. trav. 


The Steuotueb and Coloue of Indigo. 

Although Baeyer’s formula for indigotin is in a 
general way satisfactory, and no responsible 
chemist doubts that the component atoms of the 
molecule are combined as the formula shows, 
many chemists have felt that it does not satis- 
factorily account for the behaviour and pro 
perties of the substance. There are three 
principal facts which the formula, as ordinarily 
written, does not account for : 

(1) As an ethylenic compound of the form 



indigo should exist in two isomeric forms, 
cis and trans ; only one form is known. 

(2) The two keto- and two imino-groups are 

comparatively indifferent towards the 
usual reagents which attack such groups. 

(3) On existing theories of colour the intense 

colour of indigotin is scarcely to be 
expected from the structure ascribed to 
the compound. 

It seems probable that all these facts are to be 
ascribed to a common cause, and that a satis- 
factory formula should account for them all. 
It must bo remembered that a satisfactory 
theory must not only account for the colour of 
indigotin but also for that of thioindigo and all 
the other types of indigoid dyes. 

The question whether indigotin itself has the 
trana or cia structure may not be answerable 
from chemical evidence. When indigotin is 
condensed with 2 mol. proportions of phenyl- 
acetyl chloride, the derivative (1) is formed 
which must be derived from trana indigotin. 


// 

c 

• kx 

N 


CPh— CO 


N 


\cO-PhC'^ 



CO CO 

x" X 

C-C 

. X X X' 

N N 


EtjjOC OC 

III. 




O COgEt 


(him. 1939, 58 , 378). The crystal form of 
indigotin is said to indicate a trana siriictiirc 
(A. Reis and W. IScluuudt^r, Z. Krist. 1928, 68, 
547). 

The chromophorc of indigotin iiiny be regarded 
as the grouping 

O O 


— c— c c— c— 

which is the grouping characteristic of all indi- 
goid compounds. The auxochromo is to be 
regarded as the NH or CqH 4-NH group. It 
is to Ix) noted that the chromophore is the same 
as that present (in a double form), in benzo- 
quinonc 

I I 

o=c c=o 

\C=C/ 

I I 

Since the group N H is a stronger auxochromc 
than S, indigotin (blue) has a deeper colour than 

O 
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tliioincligo (rccJ), H. JlobinHon (J. Soc. Dyers 
iiruJ Col. 1921, 37, 77) pointed out that the 
blue colourH of indigotin and of Indanthrene 
Ulue are probably due to the same cause, the 
interj)lay of partial valency forces between the 
CO and NH groups. Forces of this kind would 
stabilise iiidigotin in a trans form and no cia 
form could exist. A similar idea was put for- 
ward by Scholl and Madelung independently 
(see Madelung and Wilhelmi, Ber. 1924, 57 [BJ, 
234). 

In recent times the theory has been advanced 
that hydrogen can act as a co-ordinating ele- 
ment ; it might play such a r61e in indigotin, and 
this would account for the suppression of keto- 
and imino-propertics ; but such co-ordination 
can have little to do with the colour of indigotin, 
fur the N -alkyl and other derivatives of indi- 
gotin which have no imino-hydrogon arc also 
deeply coloured, as aro also thioindigos, etc. 
Madelung (/.c.) favours a formula in which partial 
valency is active botweeu the O of the keto 
group and the N ol the imino group thus : 


C NH 

NH C 


At the same time he shows that the oxygen 
of the keto-group may be displaced by the :NH, 
:NPh and :NOH groups (by indirect methods), 
the resulting compounds all being spectro- 
scopically similar to indigotin. 

Posner (l.c.) discussed the different formula) 
which had been proposed, and suggested a new 
one, in which the residual valency of the koto- 
group interacts with the far benzene ring as 
indicated in (I). Van Alphen, on the other hand, 


considers that the properties of indigotin can 
only be accounted for by the simultaneous 
existence of a number of “ resonance hybrids ” 
of which (II) may be one (Roc. trav. chira. 1938, 
57, 911). 

The following Table (Posner) shows the effect 
of substitution in the N H group on the position 
and intensity of the principal absorptiqn band 
of indigotin. It is to be noted that aU substitu- 
tion lowers the intensity very considerably, even 

hen the effect is bathochromic. Thiomdigo, 
however, has the same intensity as indigopn. 


Substance*. 

mp max. 

Helaiilvc 

intensity. 

Indigotin 

591 

100 

NN'-diethyliiidigotin . 

G52 

0-31 

N N '-dibenzoylindigotiii 

575 

0-31 

N N '-diaoctylindigotin . 

545 

0-35 

7:7'-dimethyliiidigotin . 

604 

0-54 

N - benzoyl - 7:7' - di - 



methylindigotin . 
Indigotin phcnylacetic 

575 

031 

ester 

555 

0-31 

Indigotin malonic ester 

550 

0*31 

Thioindigo .... 

540 

1-00 


The writer is of opinion that, in the considera- 
tion which has been given to the colour of indi- 
goid dyes, iusuHicicnt attention has been paid 
to the iiidirubin and isoindigo scries. In indi- 
gotin the auxochromic effect of the N H group 
is at a maximum ; indirubin is much redder 
than indigotin, and i^oindigo has lost all blue- 
ness. 


CO 


C«H, 


C=C ^H 
NH 

Indirubin, violet red. 


CO 



o 

// 

c nh 


^ \ / 

c=c 

./ \ 

NH C 

o 



Posner. 

I. 


CeH, CgH^ 

NH C C NH 

CO CO 

isolndlgo, brownish red. 

The effect on the colour of indigotin of substitu- 
tion in the benzene ring is comparatively simple. 
Substitution generally has a bathochromic 
effect, t.e. moving the absorption bands towards 
longer wave-lengths, except in positions 6 and 6' 
(for numbering, see p. 443d) where the effect is 
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hypsochromic. These remarks apply particularly patented for improving pastes and other pre- 
when the substituent is methyl-, chloro-, bromo- parations of leucoindigo by addition of sueli 
or alkoxy- («ec FormAnek, Z. angew. Chem. 1928, substances as calcium chloride, molasses and 
41, 1133). Although indigos containing many other forms of sugar, glycerol, etc., and many 
other substituents in different positions have devices for preparing stable dry [lowdors have 
been described, no exact comparisons of their been protected by patent.s. Leucoindigo behaves 


absorption spectra have been published 


as a dibasic acid and its acid salts are much 


Leucoindigo ; Indigo White. — Amongst more soluble than the neutral salts, a fact which 


the numerous reduction products of indigotin 
which are known, only one is of technical im- 
portance, indigo white or leucoindigo. This 
reduction product is formed by the addition tif 


can be utilised m the preparation of concentrated 
lolutions. Tlie magnesium salt is sparingly 
soluble. 

Leucoindigo can be lioth acylated with acid 


two h3"drogen atoms to the two ketonic oxygen chlorides and alkylated or benzylated with 
atoms of indigotin, the process being analogous appropriate reagents. The last property is 


to the reduction of a quinone to the corre- 
sponding hydroquinone : 


COH COH 




NH 




C.H, 


NH 


Utilised technically in the proiiess of discharge 
lirinting. A (piaternary ammonium compound, 
obtained by combining, for instance, dimethyl- 
aniline with benzyl chloride and sulphonating 
(marketed as “ Ijcucotropc W ”) is used to assist 
the removal of reduced indigo, by forming a 
water-soluble benzyl derivative ; in this way a 
white discharge can he obtained in printing. 

Indigoso!.' A very important step forward 
in the technique of dyeing with indigotin was 
made in 1922, when M. Rader and C. Sunder of 
the Swiss firm of Durand and llugiicniii in- 
vented a jirodiict now marketed as “ Inditjosol 
0 or DH.” iiuligosol, which has the structure 
shown, is tlic sodium salt of the disulphunc 


C OSOjiNa 

\ / 


C OS^Na 



Indigo white. 

Indigo wdiite and the corresponding reduction 
])roducts of other itidigoid dyes have the 
valuable properties that they form alkali salts 
which are soluble in w'ater ; that in this form 
they have affinity for textile fibres ; and that 
they are readily rc-oxidisod, generally by air, 
into the dyes from which they have been 
derived. Jndigoid dyes arc all applied to 
textiles in the form of their leuco- compounds. 

In practice the most important reducing agent 
for dyeing is sodium hydrosulphite, Na2S204. 

For printing purposes, especially for discharge 
printmg, sodium or zme sulphoxylate, stabilised leucoindigo. The sulphuric ester is 

by combination with formaldehyde, is generally of chlorosiilphonii; acid or 

used. Before the introduction of these sub- trioxide on leucoindigo in pyridine or 

stances, glucose in presence of alkali had been ^^gj-tiary base such as dimethylanilino 

much used in printing with indigo. In the p advantage of indigosol is 

fermentation vat, which is now little use^d m properties of an acid dyestufl 

Eurojie for dyeing but still persists in the Last, i,ath ; 

indigo is reduced to indigo white by products oi (jyemg wool from an indigo vat great care 

the fermentation of carbohydrates by bacteria damage the wool by the 

and yeasts. A very smooth reduction of m- n,ction of alkali. It is said that dyeings of bettor 
digotiri to indigo white is effected by hydrogen to rubbing are obtained with indigosol 

in presence of nickel suspended in aiiueous alkali, dyeing, owing to better penetration 

This process is said to have been employed soluble dye in the fabric. The colour is 

technically for the manufacture of indigo white, on the cloth dyed with indigosol by 

Another reaction of technical interest by which t^ga^tment with an oxidising agent such as sodium 
leucoindigo may be produced is that between jj^trito or bichromate and dilute sulphuric acid. 
1 __j -■_j. x._ ... ^ o « ■ fluds iinportaut application in 

calico printing. Processes for dyeing and print- 
ing with Indigosol are described in a series of 
patents (B.P. 202630; 202632; 203681; 

218649; 220964; see also M. Bader, Chim. et 


indoxyl and indigotin m presence of alkali, 
whereby both are converted into the leuco- 
compound : 


2 C(,H 70 N + Ci 


= 2C, 


By this reaction it ia poaaiblo to convert the Ind^. 1924. No M9; F. Peter^naer. 

indoxyl melt from phcnylglycino directly into J tec. Dy era and Col. 1920, 42, 152 ; 
lencoiidigo (Imperial Chemical Induatrica, B.P. 261). Beaidca mdigotm iteelf, mp.y other .n- 
j1jyQ02v digoid dyestuffs are marketed, as mdigosoJs. A 

Indigo white can he obtained cryatalline by careful atudy of indigoaola 1^ b^n puhliahed 
acidifying a hot aolution obtained by reducing recently by P- “<i M. StOuble (Helv. 

indigo with zinc and aqueoua cauatic soda and Chim. Acta, 1940, 28, 689). 

cootog. Leucoindigo ia markctc.1 both aa a An alternative proccaa for preparing the aul- 
concentrated aolution containing soda or NH, pburic eatera of louco-dcrivativM of vat dyca was 
and in the aoUd form. It ia more atable when diacovered independently by Morton. Bundok 

isolated by acid precipitation than in preaonce Fabrica, later Scottish Dyra Limte^ who 

of alkaU Numerous proceascs have been treated the dyestuff itaelf with aulphur tnoxide 
VoL. VI.— 29 
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and a metal such as cop]M^r in the presence of ' 
pyridine (B.P. 245587; 248802; 251491; 

258626). This jiroc-ess is particularly suitable 
for vat (lyes of the anthraquitionc senes (e. 
ANTHilAQTriNOiSE Dvp:sTurKS, Vol. 1, 420a). 

Other im‘tho(ls ol obtaining soluhlo derivatives 
of iiidigo have hiikc been jiroposed, particularly^ 
for use ill printing. The Society of Chemical 
Industry in Basle have condensed leuco-indigo 
with chloroacetic and ^-chloropropionic acids ; 
the products are for iisii in jinnting, being 
oxidised by such agents us ferric chloride 
(B.l*. 291768/1027). The I.G. Parbenindustrio 
patented the condensation of leuco-indigo (B.P. 
530579) or of indigo itself (B.P. 324119/1928) 
with rw-chloroHulj)honylbenzoic acid. The jiro- 
ducts were churned lor use in printing (B.P. 
337846). Unlike the indigosols, the indigo con- 
densation product 18 hydrolysed by alkalis to 
the dye. 

Indigo Derivatives as Dyestuffs. — Many 
indigo derivatives, substituted indigos which are 
still vat dyestuffs, are dealt with in the article 
Inukujiii DyjcsTUFFM. There arc, however, a 
few other derivatives (d' indigotin of diilerciit 
character, which may be nuuitioned here. 

Indigo Carmine, Indigo Extract. — Ft wa.s 
discovered as (“ariy as 1741), liy Barth, thul- indigo 
could be converted by siiljiliuric acid into a 
water-sulubie dyestuff. The j)roduct so obtained 
was known as “ Indigo Extract ami was used 
as an acid dye for wool. 

A similar product is manufactured from eyn- 
thetic indigo by converting it into the disiil- 
phonic acid. As a dyestuff it has poor light- 
fastness and its use has declined. As a foodstuff 
colour its use is permitted in the II.S.A. and in 
Australia. The disulphonio acid of commerce 
(disodium salt) is the 5:5'-derivativ^c (Vorlknder 
and Hchubart, Ber. 1901, 34, 1860); further 
sulphonutjon gives the 5;5'':7-tri- and 5:5':7:7'- 
tetra-sulphonie acids (E. Grandmougin, Coinpt. 
rend. 1921, 173, 586). 

Indigo Yellow 3G Ciba. — In 1910 it was dis- 
covered that when indigo is treated with iK-nzoyl 
chloride under certain conditions [see below) a 
valuable yellow vat-dyestuff was formed (B.P. 
29368/1910) which appeared on the market as 
“ Indigo Yellow 36/ ('iba.^* This discovery w-^as 
made by Engi and Erohlich, Eiigi being a 
chemist of the Society of Chemical Industry in 
Basle who was responsible for many important 
discoveries in the indigoid field. Engi pro- 
visionally regarded the new dyestuff as a simple 
derivative of indigo having the formula (I) 
(Z. angew. Chem. 1914, 27, 145), but doubt was 
thrown on this conception and in 1926 T. Posner 
and R. Hofmeister (Ber. 1926, 59 [B], 1827), on 


CO CO 



Engi’s formula. 
I. 


AND SYNTHETIC. 

account of the intense colour of its vat and its 
stability to oxidising agents, considered that it 
had lost its indigoid character and become con- 
verted into an anthraquinone derivative (11). 



II. 

Later the question was re-investigated ^y E. 
Hope and eollaborators in England (J.('.S.\1932, 
2783; 1933, 1006) and by H. dc Dicsbach and 
(“ollaborators in Switzeihind (Helv. Cliim. Acta, 
1933, 16 . 148; 1934, 17 , 113; 1936, 19 , 1213; 
1937, 20 , 132 ; 1940, 23 , 469). Tlic ])r(>blem in- 
volves lour (‘omplev coinpouiid.s obtained by the 
at tion ol benzoyl chloride on indigotin. 

(1) The first is the so-ealled Ik'ssoiiliivy com- 
pound, obtaimuJ by acting on indigotin with 
excess of boiling benzoyl (*hlonde until the blue 
colour disappears, and adding alcohol or b(‘ii- 
zeno ; it forms eolourless crystals, lu.]). 238‘^. 
It is also obtained from N N'-dibenzoylindigotin 
and benzoyl chloride and contains chlorine. 

(2) The so-called Uorhst Yellow 7?, which can 
be obtained by simple hydrolysis of the 
Dcasoulavy compound, Cl being replaced by OH. 
It is isomeric with dibenzoylindigotin and is 
sometimes obtained as a by-produet in the 
preparation of Indigo Yellow 3G. 

(3) Indigo YeMow 36/, obtained by lieating 
indigotin with excess of benzoyl ddoride in 
nitrobenzene in presence of copper powder at 
150-160°. H. do Diesbach showed that the 
nitrobenzene acts as an oxidising agent and that 
oxygen or air increases the yield. 

(4) llochst Yellow U, which is formed when 
Hochst Yellow R is heated with concentrated 
sulphuric acid on the water bath. Both Hope 
and dc Diesbach rejected l*osncr’s formula for 
Indigo Yellow 3G and put forward alternative 
proposals, de Diesbach’s formul® for two of 
these compounds are given below' : 



C N 


Indigo Yellow 3G. 
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lldchst, Yellow 


Indigo (or ('if>a) A'ollow' ,'JG is hroirniiaiod t( 
give a dihromo-drrivativo, Ciha ytlloir (i,' 
said by Engi to bo a still faster vai-dyo. Tin 
latter was rediieed in alcoliolie, alkali by sue! 
rediiejng agents as hy(lroBiil|»hito t(j give a nalder 
\at-dyo of iini'crtain eonatitulion, (.hha YcUon 

When indigotin is eondensed with 2 raol. pro 
])ortions of phenylaeetyl eliloride. it gives a 
brilliant n*d eotn|)oiind, “ CUxi IjuLv Ued Ji," dis 
toverod by lOngi in 1911, whieh is used for the 
inanufaetnrc ol ])igmontB of high fastne-ss I 
light. 

Commercial Forms of Synthetic Indigo. — 
Synthetic indigo is marketed in Great Jlntain 
by Imperial (-hernieal Industries in the iollowing 
forms w'hioh eorrespond elosely to those of <^>nti- 
nental manufaetnrerH ; hidigo LL powder" 
and “ Indigo LL 20% “ Imligo Grains 

()()%,” a solid jorru of the leueo-eotnpourid ; 
“ Indigo LL Vat a ready-jirepared leiieo 
solution for wool dyeing; and “ hull go LL Vat 
11 " a leueo-solution for cotton dyeing. 

Literature . — Besides the references given in the 
text above, information is obtainable from the 
following Houreea : History of the Indigo Syn- 
thesis, A. von Baoyer, Ber. 1900, 33, Sondci licit, 
LI; H. E. Fierz-David, “Kunstliche Orgainscho 
Farbstoft'e,” Berlin, 1920, pp. 42H cl seq.; J. 
Martinet, “ Mati^res ColoruiiteH ; L’ Indigo et ses 
Derives,” Paris, 1920; BcilstiMii, Haiidbueh der 
organisehen (^lu mie, 4th ed., 1930, 24, 417. 

E. H. n. 

INDIGOID DYESTUFFS. The indigoid 
dyestiifls comprise a large class of eolouniig 
matters whieh are eJosely related to indigotin in 
their chemical constitution and are dyed by 
similar methods, involving reduction to a soluble 
le’ieo -compound, application to the material 
to be dyed and subsequent ro-oxidation thereon 
to the colouring matter. These dyestuffs have 
been discovered and developed almost entirely 
siriee 1900. Several factors coritribut.^d to their 
rapid development after this date. The first 
was the chemical knowledge gamed duiing the 
intensive study of indigo itself which culminated 
in its successful manufacture by the Badisehe 
Co. in 1897. When the problem of indigo was 
solved, the knowledge acquired w^as turned to 
the production and study of numbers of its 
derivatives and congeners. A second factor was 
the improvement and simplification of the old, 
uncertain and difficult indigo vat-dyeing process 
through ^he researches ol the dyestuff manu- 
facturers, particularly the introduction of stable 


forms of the redui'ing agent, sodium hydrosul- 
phite (NagSgO^). 'Phe way was thus prepared 
lor iiitrodiiemg new' vat-dyes to the dyers. A 
third laetor was the discovi'ry by Eriedltuider in 
1995 of thioindigo, ji red dyestuff, which, with 
its derivatives, iinmediati'ly extended the range 
of shades ohtainalile w it h vat dyes. During the 
decade follow ing this disc'ov’ery then' was intense 
activity in de\eloj)mg tins field of dyi'stiitls, 
many nine dyes lieiiig markeled by Kalle and 
<!o. of Hiebrieh, Avho first maniifai'tiired " Ttno- 
indigo Jti'd " jn 19<)fi; 1)\ Meister, Liieius and 
Bnining of Hoehst ; and by the Noeiidy of 
Cheinieal Industry of Hash*. Th(‘ iiianufaeture 
ol these dyestutts is generally more difficult than 
that of indigo itself and they are nob produced 
on HO large a seale as indigo. Nevertheless their 
properties, (heir hrillianee of shade and all-round 
fastness are so attractive that they can sell at a 
liriee which is about live or nix times that of 
indigo. Although tirst intiodiieed for dyeing 
wool, whieh they leavi* in a iniieh softer con- 
dition after dyeing tlian do those dyes needing 
a chroming treatment to render them fast, they 
are now largely iisiai also in calico printing, anil 
provide a r.iiige of shades including hrilliant 
oranges, searh'ls and hliios, besidcH browns and 
greys, 

A satisfactory delinition of indigoid dyes is 
not easily given in a few words. In the broadest 
sense, the class ineludi's all d 3 'es ol the general 
formula 

A-CO CO-A' 

C C 


where the bonded jiairs A and B and A' and B' 
resiK'ctively link the ehrotniqihoie 

— OC-C C— CO- 

1 I 

to two, five or six niembered, unsaiurated ejM'lie 
systems. By ri'diietioii of the. two keto groups 
lie system assunieH the form 

A— C OH OH C— A' 

t-t 

B B' 

’epresenting the “ leueo-” compound, which 
soluble in alkali and has dyeing properties. 
The raoleeiile of the original dyestuff consists of 
w'o distinct eyehe systems, which may be alike 
►r unlike, joined by the ethylenic double bond. 
Ibviously the niiraher of types of compound 
joraing under the above definition is very large ; 
and wdien it is remembered that substituent 
groups of all kinds can bo introduced in every 
lORsible way it can be seen that thousands of 
Jifferent dyestuffs are jiossible. 

The 7th edition of Schultz’ Farbstofftabellen 
1931) gives the constitution of 54 different 
commercial indigoid dyestuff's ; there are in 
addition many of undisclosed constitution on the 
uarket, and hundreds arc dcscrilxjd in the 
latent literature. 
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Indigoid dyestuffn are named from the ring 
BystcmH trom which the two portions of the 
molecule joined by tlie ethylene linking arc 
derived. The lollowing are the lormulaj and 
names of indigos winch may be regarded as the 
patents of some dyeHtiiRs ol technical import- 
ance ; others follow the same lines : 


1 

e 



\ / ' 

./ 

NH NH 



2.2'-bi8-iiululclii(iieo (liidigotin). 



2 2'-13iH-thioiiaiihthenin(lig(» (thioiiidigo). 


CO 



2 ir-lllH-iiidoloiiuligo (indirnhin). 



2-liidolf-2'-lInoiia|ihthciilndigu. 




2-Thloua]>hth('ti-acrnai>htheneindjgo, 


Note that three structural isomers arc possible 
when the two components of the indigo molecule 
are alike, and four when they are unlike. Thus 
bis-indoleindigo has three isomers, indigotin 
(2:2'), indirubin (2:3') and ijoindigo (3:3'). The 
2:2'-compounds are the deepest coloured and 
most important ; the 3:3'-compounds are usually 
of little or no value as dyestuffs. 


Symmetrical Bis- i ndolei ndigos. — Indigo- 
.in has been dealt with fully in the article 
Indigo, Natural and Synthetic. Indirubin 
is of no technical importance. The halogenated 
ndigntins, however, supply very valuable com- 
mercial dyestuffs, especially those containing 
bromine. The purple of the ancients, obtained 
rom species of moUusc, Murex brandaria and 
Murtx trunxnlua, was shown by Friedlkuder to 
be G;(»'-dibromoindigotin. It has never been 
manufactured Bynthetically. Bromination in 
the f):6'-posit]ons gives a product redder than 
mdigotin, but halogonation in the 5- or 7-positions 
makes the shade a slightly greener blue, and 
brighter ; halogenation m the 4:4'-positionB is 
said to impart a much greener shade. 

The commercial halogenated indigotins are 
tnaiiufacturcd by direct halogonation. “i Indigo 
^Sha R ” iH H mixture of mono- and diibromo- 
iridigotiiiH (5- and 5:6'-), which may be obtained 
by the action of bromine on dry indigo, hr on a 
su.spension of indigo in acetic acid, in sumihuric 
acid, etc. More highly brorainated products are 
obtained by brominating in nitrobenzeno\ solu- 
tion (a process discovered by Engi), or lender 
other conditions in w'hich water is excluded. 
'J'he mo.st importiint of the products so obtained 
r):7:5':7'-tctrabromoindigotiii, marketed as 

Diirindont Blue 4i>‘6' ” (Imperial Chemical 
Industries), “ Ciba Blue 2B ” (ISociety of Chemi- 
cal Industry, Basle), “ Indigo MLBjiB” etc. 
'The importaiu c of these dyestuffs lies in the much 
greater aftiiiity of the vat lor all fibres than that 
of indigo itscll. 

Higher bromiriated indigotins, up to ppnta- 
and hexabromo-, can bo obtained by the action 
of bromine on indigotin, or on lower brominated 
indigotins, in concentrated or in fuming sul- 
phuric acid. “ Ciba Blue 0 ” is pentabromo- 
indigotin. 

Halogens also have the power of converting 
indigotin into dchydroindigotin by dehydro- 
genation, and, since dchydroindigotin is more 
readily halogenated than indigotin itself, the 
proce8.s can be continued to give highly halo- 


CO CO 



I)nhy d roi ndigotiii . 


genated products. Thus by the action of 
(chlorine on indigo in acetic acid in presonco of 
anhydrous sodium acetate at 30°, tetracliloro- 
dehydroiiidigotin can be obtained. This with 
sodium bisulphite gives a compound which is 
hydrolysed by acid to tetrachloroindigotin and 
sodium hydrogen sulphate. 

Other halogenated indigotins on the market 
are “ Brilliant Indigo BASFjB ” (6:7.5':7' tetra- 
chloro-), BASF12B (5:6'-dichloro-7:7'-dibromo-), 
BABFja (4:5:4':5'-tetracliloro-) and B ABF 1^0 
(4:4'-dichloro-5:5'-dibromoindigotin). 

The sole derivative of indirubin which has 
been marketed, as far as is known, is Ciba 
Heliotrope B ” (S.C.I.), probably a tetrabromo- 
indirubin. 
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Two homologups of indigotin are known to 
have been marketed, the 7:7"- and 5:ri'-dimethyl- 
liidigotinB, respectively “ Methyl indigo B and 
E." These may be obtained from o- and p- 
tolylglycino by the Heumann synfliesis, or per- 
haps from the respective nitrotoluiildeliydes and 
acetone by the Baeyer synthesis (e. l^nmo. 
Synthetic, this Vol., p. 443c). 

Nitro-dcrivatives of indigotin can be obtained 
b}" direct nitration if care be taken to exclude 
water; and also by other synthetic inothod.s, 
e.g. reduction of nitroisatin chloride with 
hydrogen iodide. By reduction in tlu^ \at Ihcy 
give leuco-dcrivatives of aminoindigotin, which 
can also be obtained by direct synthesis, e g 
iiom arninophenylglycine. Only one ninino- 
dern ative has b(‘cn used technically. “ Ciha 
Brovn JK,” which is 5:7:5":7"-tetrahroino-ti:(>'- 
diftininoindigotiii. For recent work on the 
nitration ot indigotin, .fcc .T. van Alph(*n, Rc'c. 
Irav. chim. 1938, 57, 837. 

Many other aiibstitutc'd indigotins containing 
other groups such as hydroxyl, alkoxyl, carlioxyl, 
cyario-, inercapto-, etc., have been described in 
the scucniific and jiatent litcTature, but none of 
the bis-indoleindigoH of this kind are of technical 
interest. Four symmetrical indigos derived 
from mvjihthalene are possible and all are known. 
One of them, biH-)3-naphthindole-iiidigo is of 
some importance, since wdicii hrominatcd it 
gives a very bright green vat dye, used in print- 
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ing and marketed us “ (Jiba Gnjftt (1 " and 
“ JlelindotLc Green G." 

Asymmetrical Bis-indolei ndigos. — Substi- 
tuted indigotins in which the two sides of the 
molecule are dillerent arc obtained by condensing 
an indoxyl w'ith an isatin-2-chloride or isatin- 
2-anil. The isatins themselves condense with 
indoxyls to give dyes of the indiruhin type, 
since the 3-keto-group of tlic^ isatin alone is 
active. If isatin -2-anil (or isatin chloride) is 
used, however, eondensation gives an indigotin 
derivative. jBatin-2-anil is obtained by the 
method of ►Sandmeycr deserdied undei Inuiuo, 
iSynthetic (this Vol., p. 4466). Another general 
method for producing isatins, also due to Sand- 
meycr (Helv. Chim. Acta. 1919, 2, 234) is as 
follows. An aromatic amine, such as aniline, is 
boiled wdth a solution of liydroxylamine sulphate 
and chloral hydrate whereby oximinoacetanilido 
(1) is formed, which when merely ilissolved in 
concentrated sulphuric acid is converted into 
isatin -3-imide (11) and this yiehls isatin on hcat- 


NH NH 



C.NH 

I. II. 


mg and diluting the solution. In this w'ay 
Sandmoyer prepared many substituted isatins 
from the corresponding substituted anilines. 

Thiolndigo and Derivatives. — The dis- 
covery that a coloured compound of similar 
structure to indigotin could lie obtained m 
w'hich sulphur atoms wore substituted for the 
iniino-groupa of the latter, w^as made by B. 
Friedlaiider (Bcr. 1906, 39, 1060). The resulting 
dyestuff is bright red, is readily vatttnl, and in 
the form of its leuco-oompound has good 
affinity for textile fibres. 

The methods of synthesis of thioindigo and its 
congeners an* ilo8(*Iy parallel to some of those 
employed for indigolin. The following is a brief 
tlesenption of a few of tliese ni(*t bods. 

Bbonyltluoglyeollu', acid itself (1) can be 
cvelised to Ifwoindarijl (.’Miydroxythioiiaphtlien 


CO^H 

I 

I 

'\ 

S CHa CO^H S CH-^ COaH 

T. 11. 
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ill. 


(Ill)), but in ])raetiee, o-eaTboxyplH*nylthio- 
glyeullie, acid (II) is used. Anthranilie acid is 
converted through its dia/.o-eompouiid by the 
standard method into thiosalieylic acid, this 
is condensed with ehloroaeetic acid to give (11), 
which is known tech ideally as 0 Arid. The 
eyelisaiion proeeed.s more readily with these 
compounds than willi the phenylglyeines, and 
(II) is readily lonverteil into thioindoxyl by 
baking with eaustn; soda in a vaeinim at about 
295°. Thioindoxyl is more stable than indoxyl, 
and although it can be oxidised to thioindigo by 
means of air, in practice a more rapid oxidation 
process is employed. Technically, the oxidation 
is accomplished by boiling a caustic soda solution 
of thioindoxyl with suljihiir, or even by the 
action of molten sulphur on the thioindoxyl. 

Thioindoxyl is a crystalline substance, m.p. 
71’, very similar in odour and general properties 
tf) a-naphthol. 

The o-aminotliiophenols achieved importan(‘e 
as starting materials lor the manufacture of 
thioindigoid dyes; a new and eon voiiient method 
of preparing them was discovered by B. Herz, 
of L. Fasselia & (b., in 1914. The method con- 
sists in a reaction between an aromatic amine 
and sulphur chloride, S 2 CI 2 ; a compound of 
the type 

N 


C.H 


4 SCI 


is formed, which can be decomposed by alkali 
to give the o-aminothiophenol. If the ^-posi- 
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lion t)f the amino is fioo, ohiorinr KiibBtitiition 
oooiirH in ihiH jumitinii flunn^' llu* reaction \iith 
Bulphur ohlorklc. Tlu' o iinnuolhioplionol is 
conclc^nsed ^ith c liloroaeetic ueicl to lorm tlio 
o-anunoplienyiUuoglyeijllie acid, wlncdi is con- 
verted }iy the diazo react kjii into o-eyanophenyl- 
thioglycolli(‘ acid, ^^lieruo the o-c^arboxy- 
eonijioiind can be obtained. The route, to the 
thioindigo im (lien as beloro. Thia method can 
bo employed lor obtairniig a beautiful pink dyo- 
Htu/I Irom r^-tolmdine, and an orange from 
yi-jilii'rietnlino (.src IbP. 17417, 18292/1914; 
(;.p. ;hiob9(», ;jb7:Mi, :jr)7:iJ5, 379854). 

o-AniinolbioiihenolH can also be obtained by 
it inelhod diHeovi'ic'd by A. W. Hofmann (Ber. 
IH87, 20, 1790), by lusing 2-merca]>ttd)enz- 

(Inazolc'K w ith < ausiie alkali. This proeixsH has 
bel li applied by Du Pont do NemourH (V). of 
America, lor jirojiaring tlio orange thioindigoid 
dye from p-jiheiietidme. 'I'lie base is convert c*d 
into (i-etljo\y-2-mereai)tobenzlhiazole. by luxat- 
ing with carbon disulyihide and sulphur in an 
autoclave at 200", and the mercajito-eorapoiind 
on fusion with caustic soda at 180 185" is eon- 
vi'rted into 2-amino-5-cl hoxythiojihenol (B.P. 



S 


N,OH 

’ Etol JsH 

4238(39). 'The route to the thioindigoid dye is 
then as described above. 

Two other med-hods of obtai.Jiing symmetrical 
thioindigoid dyes may bo mentioned. When a 
salt of tliiosalieylic acid reacts with 5-dichloro- 
cthylcno in presemee of alkali, acet ylene-bis- 
thiosalieylic acid is formed, 

,.CO.,H COaH\ 

\s-CH:CH S- 

Acc’tyle.nc-his-thiosalicylir acul. 

This is converted into thioindigo hy treat- 
ment with a eondeiising agent such as sulphuric 
or ehloroHiilphojiie acid (K. Munch, Z. aiigcw. 
Chem. 1908, 21, 2059 ; C.JA 205324). 

K. D/jcwoiiski el at. (Bull. Acad. Polonaise, 
1930, A, 198) discovered that a- and /J-ii.ijjhthyl 
methyl ketone can he comerted into 1:2- 
naphtlithioindigotin (1) and the 2: 1 -isomer (II) 
respectively by heating with sulphur at 23U- 
260'^ : 




The brown dyestu IT (1) ran also be prejiared by 
yebsing jB-mi])bt hyltliiogly collie acid, and is of 
commercial imjiortance. Acetophenone does 
not give Thioindigo Itvd in appreciable amount 
by this jirocesH (.sec T. ^V. Jezierski, Kocz. 
Ciiein. 1934, 14, 210). 

Properties of Thioindigo.— Pure thioindigo 
is a solid Hiib.staiico wdiieh erystailises irom 
organic sohenis in rciUlish- brown crystals 
having a metallic lustre. It sublimes without 
melting when hcati'il. its solutions in chloro- 
toim, carbon disulphide and toluene sliAw^ a 
inagnilieent reddish -yellow' fluoresceiiee bjit in 
alcoholic solufcioiiR only at- the tcm})eratiirte of 
liquid air. J t dissoh es w ith a hlinsh-grecn colour 
in concentrated snljdiuric acid with fojmation of a 
sulphate, and is aulplionated by fuming sulpburie 
aeid at 30-40". Alany inetbyl-siibstituied thio- 
mdigus are known, imiudmg 4:5:7;4':5':7'- and 
4:():7:4':6'':7'-hexamethvl derivatives. 

Tbioiiubgo is more ri‘ailily reduced to the 
leuro-compound tliaii indigo, and, unlike the 
latter, is reduced by sodium siilpbido and even 
by sulphur dioxide. The leueo-compound is 
less readily oxidised and, therefore, more stable 
111 air than leu coindigo. It can l>e isolated as 
pale yellow' crystals, sparingly soluble in water ; 
or as the sodium or inagTic‘Hium salt. Thioindigo 
is also more stable to both oxidising agents and 
[‘oneentrated alkalis than indigo. 

The etlect on shade of substitution in the 
thioindigo molecule is similar to that in indigotin. 
Methyl, halogen or alkoxyl in the 6- and 7- 
positioiiH have a bathoehromic elfect, changing 
the shade Irom red towards violet; in the (3- 
jiositions the etlVct is hypsochromic, giving pink 
to orange shades. Thioindigos cover a greater 
range of shades than indigos. Thioindigos 
derived from naphthalene are of many possible 
types ; they may be symmetrical or asym- 
metrical. 1 1 is interesting tliat dyes of the linear 
type (1) are bluish-green in colour, whilst those 
of aiigulai t\pe, such as (11), are brow n. Com- 
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poiiiida of the hybrid type, half of (1) and half 
of (1 1 ), nre dark blue. iSimilarly, the linear Hvni- 
iiu'trical dye from anthracene iu gwen, the 
angular dyes brown. The linear dye from 
nnthraquinonc is said to be ^»rey-blue, the 
angular brownish-grey. 

The following are some of the commercial sym- 
metrically substituted thioindigoid d>cs : “ Ciba 
Bordeaux ’* (5:5'-dibromo-) ; “ Ciba Red B ” 

(():(]'-dichloro-) ; “ Durindone Pijik FF " (fidi'-di- 
chloro-4:4'“diinethyl-) ; “ Durindone Ormuje R " 
(6:(>'-diethoxy-) ; Helindone Red 3/i ” (5:5'- 
dichloro-TiT'-dimethyl-) ; “ Uelindone, Fast Scar- 
let R" (ri;5'-dibromo-0;(V-dicthoxy-) ; “ /«- 

daulhrene Grey ” (7:7'-diaraiiio-) ; “ Jlehu- 
dnne Grey BR ” (5:5'-dichloro-7;7'-diainino-) ; 

nebndonc Orange. 1) ” (ri.rj'-dibiomo G.tr- 
d i a mi n 0 -2 : 2 '- bis t hi on apht heniiid igo ) . 

The (hba dyes are manuiactuK^d by tlui 
Society of Chcinical Industry, in Hash'; Ihinn- 
done dyes by Imperial Chemical Industries 
Ijiimted, and Helindorie and Indanthiene Dyes 
by l.G. Farbenindustrie A.-CJ. The last lirm 
reserves tlie name “ Indamthrene ” for dyes of 
the. highest fastness, and several iiidigoid dyes 
come into tJii.s category. Most of ilu* d 3 '(‘.s 
(piotcd are made by more than one firm, al- 
though only one name is given here. 

Thionaphthenquinones (Thioisatins). — 
CorreBjionding with isatins in the indole series 
arc tlui thionuphthenrjui nones or thioisatins in 
the thionaphthen series. Thionaphtlienquiiione 
(11) can be obtained by brominnting thioindoxyl 
to the 2:2-dibromotliioindoxjd (1) and h^'drolys- 
ing. It forms inteiiHi' yellow prisms, m p. 12F. 
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With aniline the dibroino- (or diehloro-) com- 
jiound gives the 2-anil ol the. quinone. 

When thioisatin condenses with, for example, 
a thioindoxyl, it reacts in the 3 -position, just as 
isatin does, giving a dyestuff of imlirubin type. 
Thus Fnedlandcr (Monatsh. 190K, 29, 373) con- 
densed thioisatin with thiomrloxyl to form 
“ thioindirubin,” 
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When, however, a 2-anil or 2-ehlorido ol thio- 
isatiii is used lor condensation, a dye of true 
indigoid type is obtained. There arc unw 
firmed statements in patents, how^ever, that 
thioisatin itself will condense in the 2-position, 
e.g. with acenaphthenone {see G.F. 226244, 
Society of Chemical Industry in Basle), or with 
oxindole (G.P. 241327, Kalle & Co.), and the 
matter is, therefore, in an undecided state. 


Anils of the thionaphthenqui nones can also be 
obtained by the action of aromatii’ nitroso-com- 
poiinds on thioindo.vyl. J'Vom p-nitrosodi- 
methylauilinc and thioindoxyl, the p-dimethyl- 
Tiniinoanil (below) is readily obtained, and fre- 
(luently figures in the jiatent literaturt' as an 


CO 



intermedin te lor the ]>i'cpnration of indigoid 
dyes of many hinds {see H.P. I74‘)H/J!M)8, 
B.A.S V. ; also Pummeiei, Jier. IIHO, 43, 1370). 

Thioisatin.s, esju'eially napliththioisatins, are 
also obtained l»y condensing a tliioniiphthol with 
oxalyl ildoridc (B 1*. 214864, Society of Chemi- 
'al InduKlry m Basle), thus : 
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There do nob appear to bo any commercial 
oxamjdes of asymmetric thioindigoid dyes, al- 
though dunng the last 20 years a great many 
ha\^c been patented by German and Swiss firms. 

Selenoindigos. — Dyestuffs similar to the 
thioindigoid dyes and the thiophciundole- 
indigos arc known in which selenium is present 
in plaee of sulphur, riien^dselenoglyijollie-o- 
i;arI)oxylic arid is cychsi'd by ai'etic anhydride 
(not by eaustiir uLKali) to S-hydroxyseleno- 
naphthen, m.p. 76 -77'^, which is stable in air. 
In alkaline solution it reddens in air and is 
readily oxidised by potasHiiirn f(*rri cyanide to 
selenoindigo. This is reddish-violet in colour, 
sublimes without decomposition at 270*^ giving 
a violet vajauir, and can be vattotl and dyed 
like thioindigo. Asymmetric indigoid dyes can 
bo jircparrd from 3-bydroxyHclenonax)hthen, or 
ironi Hi'leiionapht hempiinonc (a stable, n*d com- 
lioiiiid, m.p. 102-103°). 

Indigoid Dyes of Mixed Types. — dust as 
ibatinanilide will react with an indoxyl to give 
an indigoid d 3 ’^c, so it will react with a thio- 
indoxyl to give a mixed indolethionnphthen- 
indigo, ami conversely a thioisatinanihdo will 
react w'ith an indoxyl. More generally, the 2- 
chlorifles and 2-anilides of both isatin and thio- 
isatin will react with compounds containing 
reactive methylene groups, and by this reaction 
many new indigoid dyes arc obtained. Such 
dyes can also be obtained by the interaction of 
cyclic I:2-diketoric8 with indoxyls and thio- 
indoxyls. 

2-Indole-2Xthionaphthenindigo is a violet dye 
of no inliCrest because of its lack of fastness, but 
its Sifi'-dibromo-dcrivativc is “ Ciba Violet 3J3/’ 
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and a tribromo-drrivatn t* in “ (Jiha VioUt /?.” 
It flhould be noted iliat the whude in intermediate 



between thoHC of indj^otiii and thioindigolin. 

By eondensin^ tbioindo.xyl with isatin a 
Hearlet dyeBtiiff (1), an analogue of indinibin, is 
obtained. 

One of the inoHt imj)ortant dyes of ihiH mixed 
HCneH is ofitained by eon denning thioindoxyl 
with acenaiihthenequinone, it has the formula 



and iH marketed as “ (Uha Scat Jet (H " and 

Dnrindone Svathi A dilironio-derivative 

is “ (Jiha Scarlet liJ' 

Another type of indigoid dye m obtained by 
eondeiising iHiLtin-2-ihl()ride or -2-anilide with 
(i-iiaphtbol (u- a-anthrol. I*. hruMlhinder tiist 
diHcovered that indigoid d>e.stufl.s eoidd be 
obtained in this way (JhT. UtOH, 41, 772) 
With a-iiaphthol two jirodnets are obtaini'd in 
about i‘(|iial amounts, (1) and (II), but only (i) 
haa the true indigoid stnictuie. Dyea of type 
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(II) are designated indoUgnonea, this example 
being named 2-indole- U-naphthalene-indolig- 
none. F. Bayer & Co. eondensed bromoisatin- 
a- chloride, and also brominated jS-naphthisatins, 


with a-naphthol and a-hydroxyanthraceno in 
this way (G.l*. 237199), and Mcister, Lucius und 
Briining, uHing a-hydroxyoxan throne instead of 
a-hydroxyanthraccne, obtained a dyestuff of 
presumably the following structure : 



“ llcUndove liluf (\GN ” is said to be a dje of 
this formula, whilst the above Bayer patent is 
said to cover “ Alizarin Indigo 'Mi ” and “ G.” 

Mention may also be made of one or two dyes 
which fall into the indigoid i lass altliough con- 
taining neither an indole nor a thioiiapbthen 
residue. B;y oxidation of 4-methoxv-a-napnthol 
by ferric chloride, I'\ Riissig (J. pr. Cliem. ^900, 
In], 62, 53) obtained a blue dyestuff, having the 
formula (1), which can be dyed like indigo frdrn a 
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vat. The l.C. I'ai benind. A.-G. have patented 
a process of dyi'ing fur in fast blue shades by 
oxidising 4- methoxy- a-naphthol on the fur to 
this dyestuff (B.P. 407()(j()). Another dye of 
indigoid type, Pyrazok Jilue (IJ) was discovered 
by Knorr (Annalen, 1887, 238, 171) who show^ed 
its similarily to indigo. 

Scission of Indigoid Dyes. — ^Many indigoid 
dyes ean be split by heating with alkali into tw o 
components the identification of which estab- 
lishes the constitution of the dye. 

The bis-iiidoleimligoB give by this treatment 
1 mol. of a 3-hy(rroxyindoIe-2-aldehyde and 
I mol. of an anthranihe acid derivative. A thio- 
naphthen-indoleindigo gives the 3-hydroxythio- 
naphthen-2-aldehyde and aiithranilic acid thus ■. 
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2-Naphthalcne-2'-indolemdigo gives 1-naphthol- 
2-aldchyde. Thioindigo is more resistant than 
indigo to alkali fusion. With alcoholic caustic 
poiash it breaks u^i giving thicundoxyl, thio- 
iiaphthcnquinonc and the thioindogenidc of 3- 
hydroxythionaphthcii-2 aldchyde. Some of the 
substituted thioindigos cannot be split in this 
way, the reaction being far from general. 

Solubilised Indigoid Dyes — Indigosols. — 
Iiidigoid dyes can be converted into sulphate 
eaters of their leuco-compounds by the processes 
devised by Bader and Sunder and by Scottish 
Dyes, Ltd., respectively, in the same way as 
indigotin itself (^rce Indigosols under Indigo, 
{Synthetic, this Vol., p. 449c). Different dyes 
give esters of different stability, but many arc 
stable enough to bp iiaed commercially, and i hey 
are sold under the generic names of “ Indigosols ” 
and “ Soledons ” (1.0.1.) both of whn-h 
ranges include solubilised indigoid and nnthra- 
qiiinonc vat dyes. For the description ot thes. 
dyes and their application, see 1<^. Peterhauser 
(j. Soc. Dyers and Col. 1927, 43, 251), M. Bader 
(Chem.-Ztg. 1937, 61, 741, 763) and W. ( hnst 
(.1- Soc. Dyers and Col. 1938, 54, 93). Th<‘ use 
of thcHC solubilised torma of vat dyes is con- 
tinually cxtemling. Whittaker and Wileock, 
(“ Dyeing with (Vial 3 ar Dyes,” 3rd ed., London, 
1939, p, 172) state that it is their practice t 
make cver-in creasing use of the Soledons and 
Indigosols in dyeing both viscose and cotton in 
tiu* sluin form on the roller typo of skein -dyeing 
niachiiK*. Christ gives a list of 28 Indigosol 
djes of which 21 aiipcar to bo indigoids, the 
remainder being solubilised anthraqumono vat 
dyes. The Imligosols from indigoid dyes are 
colourless or only faintly coloured, i^hilst those 
from anthraquinone vat-dyes are deepl y coloured. 

Bibliography. — J. Martinet, “ Matieres Colo- 
rantes. Le,s Indigoldcs,” Paris, d.-B. BaiUi^jre 
et Fils, 1934. 11. F. Ficr/ David, ” KuiiHtlichc 
organische Farbstolfo,” Berlin, 192(5. (Jolour 
Index, edited by F. M. llowe, 1924, Beports of 
Applied ('hemistry, published by the iSoeiety of 
(licmieal Industry, articles on Intermediates and 
(\jlouriiig Matters. For Cermaii patents, Fried- 
lander, “ Fortsehritte der Teerfarbenfabrikation, 
1877-1935,” Theil. 1-22. 

E. H. K. 

INDIUM. At. no. 49; At. wt. 114 76. 
Indium belongs to the aluminium group of the 
elements and was diseovertid by Ueieh and 
Biehter in 1 863 during the spectroscopic examina- 
Lion of some crude zinc chloride from a Freiberg 
zinc blende (3. pr. Chem. 1863, [i], 89, 441 ; 
90, 172; 1864, [ij, 92, 480). The namo indium 
was chosen because of the prominence of the two 
indigO’bluo lines in its spectrum. Although 
occurring only in small quantities it is, like many 
rare metals, widely distribut^^d in nature and is 
found in numerous zinc blendes, pegmatites, 
siderites and in some tungsten, manganese and 
tin ores (Hariley and Ramagc, J.C.8. 1897, 71, 
533; Brever and Baker, J.C.S. 1936, 1286; 
rvomeyn, J. Amer. Chem. Soe. 1933, 65, 3899). 

Extraction of indium is inevitably a tedious 
process which at some stage or other includes 
repeated or fractional electrolytic deposition of 
the metal. Separations from other metals are 
also based on : (a) the solubihty of indium sul- 


phide in 2-3n. hydrocldoric or sulphuric acid 
and its insolubility in 0-6-0-8 n. acid ; (b) preci- 
pitation of indium sponge by means of zinc ; 
(r) the insolubihty of basic indium sulphite ; 
(d) precipitation from alcohol of the complex 
between anhydrous indium chloride and pyri- 
dine ; (c) sublimation of indium tribromide ; 

(/) precipitation of indium hydroxide with 
ammonia m the preseneo of ammonium salts. 
The most difficult impurity to rtuuovc is iron, 
although small amounts of it may be separated 
by extracting as ferric thiocyanate with ether 
(Reich and Richter, l.c. ; Lawrence and West- 
brook, Ind. Fiig. Chem. 1938, 80, 611 ; Thiel, 
Z. anorg. Chem. 1994, 39, 119 ; 40, 290 ; Bayer, 
Annaleii, 1871, 158, 372; Mathers, J. Amer. 
Chem. Soc. 11K)7, 29, 485; Dennis and Goer, 
ibid. 1904, 20,437; U.S.r. 18.55455, 1886826, 
20.52387). 

Physical Propcrltfs. — Indium is a silvery- 
white, readily malleable metal, ductile and 
softer than lead. It can be obtained crystalHne, 
the -radiogram iiulicaling a lace-eenircd 
tetragonal structures with 4 atoms per unit 
eell whose dimensions arc 4-583 (4-588 ) a., 
Co -4-936 (4-94(5)a., fi:r -1:1 077 (1-078) (Zintl 
and Neiimayr, Z. Klektrochem. 1933, 39, 81; 
Dw'yer and Mellor, .). Proc. Roy. Soe. New South 
Wales, 1932, 66, 234 ; Frevel and Ott, ,1. .\mer. 
Chem. Soc. 1935, 57, 228) ; the atoiriie radius is 
1-569a. (Goldschmidt, Z. pliysikal Chem. 1928, 
133, 408), and the ealculated density 7-308 
(Z. and N.). 

Two i.sfitopes are known with masses 113 and 
1 1 5, the ndutive abundanc es being 4-5 and 95-5%. 
For radioactive isotopes, .sec Lawson and Cork 
(Physical Rev. 1937, [lij, 52, 531). 

Indium has a comparatively low m.p. (155'’c.) 
and high b.p. (HbO'^^G.) ; is 7-31. Pc^lishccl 
Hurlaec'H of the metal possess a higli reflecting 
power making it suitable for mirrors and 
refleeiors. 

Other physical properties are : 

Compressibility (megabar"^ X 10®) 2 55 between 
1(K) and 500 mega bars pressure. 

Hardness— I'O Briiiell. Tensile strength (99-71% 
metal) ^ 15,980 lb. per sq. in. 

Average specifle heat betwaicn ()"’ and 1 54” is given 
by Cp- 0 05694-0 00()013(i-18) g.-cal. iicr g. 
Sjiccifie resistance (ohrn-cm. x 10®) 9 at 20” and 
29 at 155^'. The mean temperature coefficient 
between 0” and 100” is 490-4 x 10" *- Indium 
becomes supercondueting at low teinperaturefl. 

Spectra. — Indium eompounds colour the Bun- 
sen flame a bluish-red while the flame, arc and 
spark s])ectra show tw^o briUiaiit indigo- blue 
lines of wave-lengths 4101-8 and 4511-3a. 
resjieetivcly. Other prominent hrics in the arc 
speetrum are 2710-25, 3039-36 and 3256 06a. 
Lines due to singly and doubly ionised indium 
have also been mapped (Paschen, Ann. Physik, 
1938, [v], 32, 148). 

For the JT-ray spectrum, see Blake and Duane 
(Physical Rev. 1917, [iij, 10, 697), Valasek 
(ibid. 1929, fii], 34, 1231) and Siegbahn (Jahrb. 
Radioaktiv. 1916, 18, 296). 

Chemical Properties. — Indium reacts as a tri-, 
di- and mono-valent clement, this being also the 
order of stability of its compounds so that only 
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1/h()Ho (if tht5 t-nvaleiit hiticr aro hUiIiIo in aqueous | 
solution. The metal is unallected by air at; 
ordinary temperatures and is not attacked by 
})oilin}» water or alkalis. Heated to redness in 
air or oxygen it burns ith a blue flame producing 
the trioxid(‘ ; sulplnir, scdr^iiurri and tellurium 
also eoinbine witJi the heated metal, inean- 
(lesc'enee oeeurring in each ease (Thiel and 
Ko('1h( h, Z. anorg. CJiem. 1010, 66, '11 ^i). Halogens 
react readily on warming. Indium is slowly 
soluble in cold and more readily so in hot dilute 
mineral acids; the attack of ermcentrated acids 
IS more vigorous. 

Alloys. 

Mnineroiis alloys (ontaining indium have been 
|jiodueed laigely with th(' desirci to scM iire dental 
alloN s, lo inqiart corrosion-resistance to nietal.s 
lik(‘ silv(’r and eop])ci or to obtain fusible alloys 
Indium amalgamati'H with rnercuiy, and dmital 
amalgam bases containing up to 50% indium 
have been patented (U.S.i*. 11)591)1)8). 

The silver indium system has been closely 
studied, but the hojie that sueli alloys might 
])OHsess tarnish resistance has not been lullilled. 
Over 40% of indium is lu'cessary to ])rovid(i a 
completely tarnish-proof product and such alloys 
arc too hard and brittle to la^ of })raetieal im- 
])ortance. liettcr results are claimed by plating 
the nu'tal on to silver, but dillicidties have been 
(experienced through dull coatings and inability 
to secure a good jiolisli. The addition ol small 
amounts of indium to the jirecious metals 
irnjiroves their colour, hardness and .strengtli. 
Some of the many alloys which have been made 
w^ith copper ])oHseHs precipitation- and heat- 
hardening properties (Weibke ct (//., Z. anorg. 
Chera, 1934, 220 , 273; 1937, 231 , 197). 

Indium has been recommemded as a con- 
Btituent of bearing-metals, in order to increase 
the resistance to attack by oiganie acids derm‘d 
from vegetable lubricating oils (11, I*. 2838()2). 
Low'-melting alloys are obtained by adding 
indium to Wood’s metal, the reduction in tin 
melting-point of the latter being jiroportioiia^ 
to tlie eoneeiitration of the raie nu'tal, reaching a 
maximum with indium, this alloy melting 
at 4r)-9"c. 

Alloys have also been produced wilh mag- 
nesium, zinc, railmium, gallium and lead as web 
as with the alkali metals. 

Salts. 

Indium Trifluoride, InFg. — ()))taiiied as a 
• white powder by heating uminoiiium indiniiondr 
(NH 4)3 1 ^^0’ indium R('S(|uioxide in a streari 
of fluorine; it melts at 1171)' and has d5*^4-39 
It is very sparingly soluble in hot and eok 
water, yielding a slightly ai'id solution ; m diliii 
acids it dissolves readily (Hannebohn and Klemiu 
Z. anorg. Chem. 1930,' 229, 337). 

Evaporation of a solution of the se.squjoxidi 
ill hydrofluoric; arid apparently gives either 
tri- or ennea-hydrated fluoride aceording, pre 
sum ably, to the temperature of crystalhsa 
tion. The trihydrate when treated with liciuk 
ammonia yields the triammiiie InFg.SNH 
(Thiel, Z. anorg. Chem. 1904, 40 , 280; Klemni 
and Kilian, tbid. 1939, 241 , 93) Chabric an ' 
Bouchonnet, Compt. rend. 1906, 140 , 90). 


Indium Chlorides. — ^The anhydrous tri- 
hloride InClg may be formed by the usual 
aethods, purification being by distillation in a 
urrent of carbon dioxide. So obtained it 
ppears as white, deliquesf'cnt, lustrous plates, 

3’4(), m.p. 586°. It vc^latilises readily above 
lOO", but at about 1100° dissociation to a lower 
■hloride becomes evident. Tlio chloride is 
lightly hydrolysed in aipieous solution, crystal- 
isation from solution being difficult ; evapora- 
ion of the solution at elevated temperatures is 
said to yield an insoluble oxychloride. Indium 
oxychloride, InOCI, has been made by Thiel as a 
iparingly soluble white powdcT by ])aRHing a 
uixtiin^ of oxygen and chlorine over the di- 
hloride. 

Jndiura trichloride leadily forms doulile^ eoiu- 
lounds with alkali chlorides of the ityja^s 
Kg[lnClel, Rb.,f InCI^.HaO]; the eicsiiinl eorn- 
)ound, CSgllnCIfil. which readily sepaiates as 
letaluMlra, has been recommended for usc\m a 
iiKTochemical lest for indiimi. \ 

AininonialcN contiiuiiiig 7, 5, 3, 2 and 1 niolc- 
ulc ot ammonia per molecule ol the trieldoride 
re known, while with jiyridiric in aleohobc 
olution tlieie is piocluced a white crystalline 
ireeipitate of tli(‘ complex lnClg,3C5Hj^N. 
)oiible salts have been obtained with many 
itlier organii bases (Kkeley and I’olratz, .1. 
Amer. C’hem. Noe. 1936, 58, 907). 

Indium Di chloride is formed as a yellow 
icpiid, solidifying to white crystals on eoolmg, 
ly Jieating indium, indium trichloride or 
ndiuiii sesqiiioxide in a current of dry hydrogen 
uid hydrogen eldoride . m.p. 235", b.p. ^570°, 

I i 3’()4. It IS ])robably associ.ated m the solid 
state, but between 500' and 700° it (‘xists as 
iiidiSHoeialed simple molecules. In contact with 
water it. decomposes into indium and indium 
triehloiide. Aiken cl nl ('rrans. Earaday 80c. 
1936, 32 , 1617) state tliat the action is one of 
iiHpioportinniition into InCI } InClg follow’od 
by the reaclaon InCI In] InCig. These 
authors regard Ihe diehloride as being derived 
fioin the liypothetieal “ iiidiehlorie acid ” 
HlnCl^, the decomposition in w^ater being 
represented thus : 

ln+{lnCIJ -In' I In++++4C1- 

Kcduction ot the diehloride or trichloride by 
leating with the metal leads to the formation 
of indium tnunorhlnridc, InCI, which is a dark- 
red solid, d^^ 4-18, melting to a blood -red liquid. 
As indicated above it is decomposed by water, 
yielding indium and indium trichloride (de Bois- 
baudran, f onipt. rend. 1885, lOO, 701 ; Thiel, 
lx. ; Bcr. 1904, 37 , 175; Nilsoii and Pettcrssoii, 
Z. physikal. Chem. 1888, 2 , 657; Klemm and 
co-workers, Z. anorg. (3iem. 1927, 163 , 225, 235, 
240; 1934, 219 , 42 ; Kobert and Wehrli, Helv. 
ITiys. Acta, 1935, 8, 322). 

Indium Brom ides . — The three bromides cor- 
responding to the above chlorides have been 
prepared and resemble them in properties. The 
lower bromides are less easily decomposed by 
w ater, so that although the di bromide is readily 
converted into the tri- and mono-salts heating 
is necessary to change the latter into the metal 
and tribromide. Double compounds arc formed 
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Uu' tribi’oniide and alkali or aininoniuni 
bromides, while aniinoniates containing 15, 7, 5 
and 3 molecules of ammonia arc known. 

Indium Iodides. — Indium di-iodidc has not 
d('finitely been isolated, but the tri- and mono- 
valent derivatives have been made. The wono- 
iodida is stable to hot w'ater but dissolves in 
dilute acids with evolution of hydrogen (Thiel, 
Z.r. ; Z. aiiorg. Chem. 1910, 66, 288; Klemm 
ct al.y I.C.). 

Indium Sesquioxide, InjOg. — Ignition of 
the hydroxide, carbonate, nitrate or sulphite at 
comparatively low temperatures yields a pale 
yellow amorphous oxide \^hich, according to 
Renz (Rcr. 1!)03, 36, 18-17), is converted into 
yellow, trigon.d crystals, isomorplums with tlnKse 
of Icrric oxide, on h(‘ating at high temperature 
111 uir. The two moditi cations ditlcr considerably 
Ml their solubility in dilute acids, the crystalline 
lorm being so resistant that it can be separated 
Irom the amor])hous variety by boiling with 
dilule Hiilphiiric acid. Heated aboie 850" and 
without free access ol air the scaqiiioxidc begiiie 
lo decompose slowly and then appears white, 
owing to a thin superheial film of the lower oxide 
In^O. According to Thiel and Luckmanii (Z. 
anorg. (’hem. 1928, 172, 353) the purest form of 
oxide is obtained by beating the hydroxide at 
850" to constant weight and then heating in air 
at 1000"' for half an hour. So pn'paicd, its 
density is said to he te75-| O-Ol, but KJciiim and 
Von ^ ogel (ihid. 1934, 219, 45) give it as 7-04 
whili' other values up to 7-18 have also been 
report (‘d. 

Indium Hydroxide, ln(OH)3. — White, col- 
loidal jirecipitat.e produced when solutions of 
indium salts are treated in the cold with aqueous 
ammonia, alkalis or hydroxylarnmc ; heating 
the mixture or precijiitating irom hot solutions 
yields a di'iise, graindar precijutati*. The Ireshl}'^ 
deposited amorphous form is slightly soluble in 
excess of ammonia and readily so in excess of 
alkali hyilroxide; repiecifutation occurs on 
boiling or adding arnmoiimin salts. Jloth the 
colloidal and granular forms slmw^ tin’ same 
A"-ray dinVactioii pattern and are the hydrous 
trihydrate (jr hydroxide (Weiser and JMilligan, 
J. Physical (’hem. 103(5, 40, 1 ; J. Amer. (’hem. 
fSoc. 1937, 59, 1070). 

ill addition to its basic projicrtics, indium 
hydroxide als<» jinsBOHSi’s weakly acid functions ; 
the prod net obtained by careful drying at a.l>out 
150 ’, wbirh Ilf’S the cnmijosition InO(OH), may 
taindic acid, HInOg. A 
rnagiiesium mctaindate, Mg( ln02)2»3H20, wwis 
obtaincfl by Renz (Bit. 1901, 34, 2703) by 
boiling a solution of indium and magnesium 
chlorides; the whit (5 powder so jiroduced is 
insoluble in wjiter but dissolves in dilute aiids. 

Lower Oxides of Indium. — VVmkliT stated 
that on beating the sesquioxide in hydrogen at 
3(K)° a black ovide, 10304, w’as formed, while 
the preparation of intermediate oxides, In^O^, ; 
In^Og, etc., was also elaimod. Thiel and Luck- ! 
manii {l.c.) found, however, that there was no j 
interaction at 300'", but that at 600'" a bluish- 1 
black material w^as formed consisting of crude 
IngO. This substance could be purified by 
subliming in a high vacuum at a tempi'raturc 
of 650-700'", and in thin transparent films had a 


yellow^ colour although thicker lajers formed a 
black, brittle and fairly hard mass of density 
6-34 (Thiel ami Luekmann) or 6-99 (Klemm and 
Von Vogel). This oxide is stable to cold water 
hut dissolves m hydrochloric acid with evolution 
of hydrogen. Heated in air it glows suddenly 
and is con\erted into ln.,03; it does not melt 
below 1000". 

The residue left after subliming the ln.20 is a 
dirty- white powder the composition of which 
agrees w'ilh the formula InO, but it has not 
bcTii obtained sufficiently pure for its identity as 
an oxide of bivalent indium to bo established. 

Indium Sesquisulphide, IngS^. — Prepared 
by heating the metal with c.xce.sH sulphur, by 
jiassing hjairogeii suljihide over the hcaU'd 
oxide or by precipitation with alkali or hydrogen 
Hul]»hido Irom neutral or faintly ai'iil soliiiioiis 
of indium salts; in tlic last method it is neces- 
sary t,o remove excess of suljihur by heating the 
product in an indifferent gas. According to the 
metbod of prejiaration it is yclbiw to brown in 
colour. It IS appreciably M)latile at 850 ’, but 
some ilciM mi position takes ])lacc ns the sublimat-c 
contains free sulphur anil a browmisli- black 
substance, jircsumably In^S. llcfited in a 
sealed tube the sesquiBulpbide melts at 1050'", 
the melt solidifying on cooling to a black mass, 
densily 4-89, winch is red when finely divided. 
The sulphide dissolves in concentrated acids 
and is converted to the oxide on roasting in nir. 
Double salts, KlnSg and NalnSg^HgO, have 
been made. 

Lower Sulphides of Indium. — lOgS is 
formed by subliming in vacuo the crude slate- 
grey material obtained by heating indium with 
a slight excess of the theoridical amount of 
sulphur at 450'-’ in caihoii dioxide. It is yellow 
in thin layers hut thicker films are black with a 
metallic lustre; m.p. 053'", 1/4® 5 951 (5 87). 

Sublimation in vac no at 850'' of the product 
made by licating molecular proportions of 
indium and suipbui yields only IngS and S. 
The slate-gri’Y colour of the crude material 
differs irom that of the reddi.sli-browm, soft mass 
formed by pa.ssmg hydrogi’ii sulphide over the 
heated metal and which Thiel and Koelsch (Z. 
anorg. Chem. 1910, 66, 314) stated was InS. 
Klemm and Von Vogel {l.c.) give 5 18 as the 
density of this sulxihide (Meyer, Annalen, 1869, 
150, 137 ; Thiel, l.c . ; Thiel and Luekmann, l.c.). 

Indium Sulphite. — A basic sulphite, 

I Ug (803)3, ln 203 , 8 H 20 , 

IS obtaniefl ;ih a crystalline jiowdi'r on boiling a * 
solution of an indium salt witli sodium bisulphite. 

Indium Sulphate, ln2(S04)3.— (iomentra- 
4on of a Holulion of tlie metal or liydroxidc in a 
arg(! excess of sulxihunc acid yields diamond- 
shaped erystals of an acid indium sulphat/e, 
ln2(S04)3,H2S04,7H20. The salt is stable 
under onlinary conditions but evolves sulpburii*. 
acid above 250'" leaving a residue of the an- 
hydrous normal sulphate. Slow evaporation of 
an aqueous solution of this residue leads to the 
separation of small prismatic crystals of 
lng(S04)3,9Hg0. Addition of alcohol to the 
aqueous solution precijiitates a basic salt, 

I n20( 804)2,6 HgO (Seward, J. Amor. Chem, 
Soc. 1933, 55, 2740). 
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A number of double Hulj>hHtf8 have been 
prepared, ineludirig the ammonium, rubidium 
and eseHiuin aluiiiH, M2SO4, ln2(S04)a,24H20 
(M - NH4, Rb or Cs). These erystallise in the 
usual regular oetaliedra and have low melting- 
points, that of the rubidium salt being 42^" and 
of the ammoiiiuin alum 36*^' (37-.'18'^). Solutions 
of the aliiniH react acid and deposit basic sul- 
phates or indium hydroxide on heating. 

The sodium and potassium alums have not 
lK‘cn made, but double sulphates of the type 
Na2S04,ln2(S04)3,8H20 are known, as arc 
also the eorrcsponcling thallous and ammonium 
compounds. The ammonium double salt is the 
stable raoditiration above the melting-point of 
the ammonium indium alum in the system 
(NH4)2S04-ln2(S04)3-H20, The melting- 
point of the alum is also the transition point. 
Double salts with certain organic bases have 
been made (Reich an<l Richter, lx. ; Meyer, 
lx.; Nilson and Pettersson, (-ompt. rend. 1880, 
91, 232 ; Cliabne and Rengade, ibid. 1900, 181, 
1300; 1901, 132, 472; Roesslcr, J. pr. (^hem. 
1873, [ii], 7, 14; Soret, Arch. Sci. phys. nat. 
1885, [lii], 13, 5; 1888, [iiij, 20, .520; ‘llattox 
and De A’^rics, .1. Arner. (-hem. Soc. 1936, 58, 
2126 ; Ekeley and Potratz, ibid.^ p. 907). 

Selenium and Tellurium Compounds of 
Indium. — A complete range of tn-, di- and 
mono-valciit seleiiides and telluridos has been 
obtained by synthesis while the sesquiaelenide 
In 2863 is also formed as a brown precipitate 
on ])assing hydrogen eclenide into a solution of 
indium acetate (Thiel and Koelsch, l.c. ; Klemm 
and Von Vogel, l.c.). 

Hydrated sclcnites and selenates have been 
lireparcd, and the formation from the seleiiatc 
of a caesium selenium alum, 

Cs2Se04,ln2(Se04)3,24Hjj0, 

has been reported although this compound is said 
to crystallise in tetragonal pyramids (Mather 
and Sehluederberg, J. Arner. (3iera. Soc. 1908, 
30, 215). 

Indium Nitride, InN. — »Said to be formed on 
heating ainnioiiium indium fluoride at 6(K)'\ 
X-ray analysis indicates that it has an hexagonal, 
wurtzite lattice, the calculated density being 
6-91 (Juza and Hahn, Z. anorg. Chom. 1938, 239, 
282; Aiigew. Chein. 1938, 51, 189). 

Indium Nitrate. — A solution of indium 
nitrate produced by dissolving the metal, 
oxide, hydroxide or carbonate in nitric acid 
deposits crystals on eoiiccntration with greater 
^ difficulty the more nearly neutral is the solu- 
tion. In the presence of nitric acid the hydrate 
ln(N03) separat-es fairly readily as 

colourless, deliquescent needles rendily soluble 
in water ; this salt loses tw'o-thirds of its water 
of crystallisation w^hen heated at KK)'". Attempts 
at complete dehydration, Using higher tempera- 
tures, result in some decomposition of the nitrate 
(Winkler, J. pr. Chem. 1867, [ij. 102, 292). A 
white double nitrate has been obtained with 
ammonium nitrate (Dennis and Geer, J. Arner. 
Chem. Soc. 1904, 26, 437). 

Indium Carbonate. — Addition of alkali car- 
bonate to aqueous solutions of indium salts 
precipitates a white compound, insoluble in 
excess of precipitant but soluble in ammonium 


carbonate solution. This precipitate is stated 
to be indium carbonate but the substance has 
not received careful study (Winkler, J. pr. Chem. 
1867, [i], 102, 273). 

OnoANic Compounds of Indium. 

Indium Trimethyl, ln(CH 3 ) 3 . — Obtained 
when indium, mercury dimethyl and a little 
mercuric chloride are heated together in dry 
CO2 at 100° for 8 days. Excess mercury 
dimethyl is distilled off and the residue purihed 
by sublimation. The indium triraethyl forms 
colourless acicular ciy’^stals, m.p. 89-89’6°, which 
arc easily decomposed by water, air or oxygen. 
Cryoscopie measurements in benzene indicate 
molecular association to Iln(CH3)]4 although 
it is monomeric in the vapour state (Dennis 
cl al., J. Amer. (^hem. Soc. 1934, 1047 ; 

Laubengaycr and Gilliam, ibid. 1941, 63, 477). 

Indium Triphenyl, ln(Ph) 3 . — Forihcd by 
heating indium and mercury dudicnyl at 130° 
in a sealed tube, extracting the masa with 
chloroform, filtering and concentrating 1 until 
colourless needles are obtained. Schumb and 
Crane {ibid. 1938, 60, 306), carrying oui the 
operations in an atmosphert^ of CO 3, found their 
))roduct melted at 291° but Gilman and Jones 
(ibid. 1940, 62, 2353) using nitrogen give 208° 
as the ineltiiig-poiiit and, moreover, they show 
that indium triphenyl is slowly decomposed by 
COg. It also reacts with water, oxygen and a 
number of organic compounds. Successive 
addition of bromine leads to the formation of 
diphenylindiuiii bromides phony lindium di- 
bromide and indium tribromidc ; similar 
reactions occur with iodine. The halogen 
derivatives are buff-colourcd powders. Di- 
phenylindium chloride and phenylindium oxide 
have also been reported (Goddard in Vol. XI of 
Friend’s “ Text-book of Inorganic Chemistry ”). 

Indium Acetylacetone, ln(CriH 702 ) 3 - — 
Obtained by heating indium hydroxide with 
alcoholic acetylacetone and concentrating the 
solution. It is diniorplioiis, one form being 
isomorphous with /J-galhmn and scandium 
acetylacctoncs and the other with ferric acetyl- 
acetone. J t can be sublimed at 1 40° under 10 mm . 
pressure; the melting-point is 183° (Chabrie 
and Rengade, Compt. rend. 1900, 131, 1300). 

Niiincrous salts ol organic acids have been 
made of w hich indium tartrate is said to possess 
preventive and curative properties against 
certain forms of experimental trypanosomiasis 
(Meyer, l.c. ; Ekeley and Johnson, J. Arner. 
Chem. Soc. 1935, 57, 773; Levaditi et al.^ 
Compt. rend. 1932, 194, 325). 

G. R. D. 

INDOCYANINES (A'ol. I, 577t/; Vol. Ill, 
619f). 

INDOINE BLUE (Vol. 1, 576c). 

INDOLE (as perfume). This body, a 
parent of the indigo grouji of compounds, is a 
liquid of powerful and disagreeable odour, 
but in minute quantities acts, like civet and 
skatole, as a strong fixer of perfumes, and the 
odour disappears on dilution. For its determina- 
tion in essential oils, see Parry’s “ Chemistry of 
Essential Oils,” Vol. II, p. 292. 

E J P 

INDOLENINEYELLOW (Vol. Ill, 61 9d). 
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INDOLES. CompoundB cuntaimng a 5- 
membered pyrrole ring fused to a benzene ring. 
Two structures arc thus possible, indole and 



(a) 11. (b) 


itfoindole, (1) and {ilb) respectively; the second 
possibdity is not encountered among simple 
compounds and even the isomeric pseudo 
isoindolc system (1I«) is unstable in its simple 
representatives . 

The indole group is of considerable importance 
in natural economy — indigo, tryptophan and 
skatole are naturally occurring indoles — and 
}>ecoming increasingly important in technical 
practice. 

(Jeneral SyntJieaes. — (1) The phenylhydrazones 
of carbonyl compounds containing the grouping 
—CO— CHj— are treated with condensing 
agents sucli as zinc chloride, copper chloride or 
acid : 


The reaction cannot be appbed to the forma- 
ion of indole itself, but the phenylhydrazone of 
itone affords 2-incthylindolo in moderate yield, 
leuerally the carbonyl component may be 
Idehydic or kotonic, even a-ketoaeids reacting 
n this way ; a variety of substituted aryl 
lydrazines and secondary' hydrazines have been 
mployed, the reaction usually proceeding still 
more readily with the latter. When the ketonic 
■ompound is a cyclic ketone the linal product is 
nnuclear ; thus the phenylhydrazone of cyclo- 
icxanone yields 1:2:3:4 - tetrahydrocarbazole 
111), b'or recent applications ol the synthesis, 


NH 

111 . 

ace Julian and Tikl (L'roc. Indiana Acad. Sci. 
1936, 46, 146) ; Moggridge and Plant (J.C.S. 1937, 
1125); Hughes and Lyons (Troc. Roy. Soc. 
New South Wales, 1937-38, 71, 475). 

(2) Many synthetic reactions deixuid iijion 
tho internal reaction of an aromatic amine with 
a reactive ortho — C C-X grou}). Thus reduc- 
tion of o-nitrophenylacetoiiitrile, o-nitrophenyl- 
acetaklehydo (Stephens, J.CS. 1925, 127, 
1874; Weerman, Annalen, 1913, 401, 12) results 
in ring -closure. Indole is also formed by ring 





NH 

and the elimination of ammonia may in some 
cases be effected catalytically (Arbusow, Saizev 
and Rasumow, Her. 1935, ^ [B], 1792). Th( 
reaction is thought to involve (1) the trans 
formation of the hydrazone into an unsaturated 
hydrazine; (2) the benzidine-type rearrange 
ment of the resulting hydrazine; (3) ring for 
mation by elimination of ammonium salt fron 
the product (Robinson and Robinson, J.C.S, 
1918, 118, 639; 1924, 125, 827; cf. (^ampbel 
and Cooper, ^bid. 1935, 1208), although many 
other mechanisms had been proposed earlier : 




closure of o-amino-w-chlorostyrene or o-aerta- 
minostyreno dibromide (Lipp, Ber. 1884, 17, 
1072 ; Taylor and Hobson, J.C.S. 1936, 181) : 



(3) The calcium salt (Mauthner and Suida, 
Monatsh. 1889, 10, 252), or better the alkali 
salts of phenylglycine, afford indole on fusion, 
preferably in presence of reducing agents (G.P. 
152683). 

(4) The reaction of aromatic bases with 
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a- halogen ated ketonoH is of general application 
(Hiflohler, Her. 1892. 25, 2SOO) : 


\/ 

1 

2C,H. NHj 1 CX 

-CO 




C -1 

1 


1 

c— 


'x ' 


-> 



I C,H, NH, 


A .similar reiietion is tho produetion of indole hy 
lediieing o:ai-diiiitroHiyrene with iron, ziiie dust 
or aluiriiniura amalgam (Van der Lee, Kcc. trav. 
ehiin. 1920 , 44, 1089). A reecnt method con- 
Hists in nitrating phenylethyl chloride, reducing 
the o-nitro-comjiound with hydrosulphite and 
finally treating the amine with hexamethylene- 
teti amine (IIuiSH. L^. 48309). 

I'ruperiinH . — Indoles are feebly basic in nature 
and ])artiei[)ate in most of tho rcaetioiis of 
pyrroles although they arc less sensitive than 
the Hiiiijiler compounds. Thus they form alkali 
metal eompounds (Weissberger, Bor. 1910, 43, 
3521) and can b(‘ jiolymerised in contact with 
acids, tri-indoles being well characterised pro- 
ducts (for (‘onstitution, flre 8chmitz-I)umont 
ei al, ibid. 1930, 63 \li\, 323 ; 1933, 66 [B], 71 ; 
1935, 68 IBJ, 240; J. pr. Chem. 1931, [iij, 131, 
146; 132, 39; 1934, (hj, 139, 167; Aniialcn, 
1933, 604, 1 ; 1934, 514, 267). 

I’owards strong Hubstituting reagent.^ indoles 
usually react ahnormally, but witli weaker 
reagents substitution oeeiirs in the 3-position 
when that is free, Thus indination or chlorina- 
tion (using Hulphuryl ehloiide; Pauly and 
Guiidermann, Ber. 1908, 41, 4007 ; Mazzara and 
Borgo, Gazzetta, 1905, 35, ii, 564, 50ti) aflords 
3-haiogem)indoleH and alkyl iiitriteH or nitrates 
yield 3-mtroso- or 3-nitro-derivative.s (Angeli 
and Marehetti, Atti. K. Acead. Lmeei, 1907, |v], 
16, 1, 381 ; Angelico and Vclardi, ibid. 1904, [v|, 
13, I, 242). 1 -Acetyl- and 1 :3-dinretyl-indoles 
are obtainable by direct acetylation (Zatti and 
Eerratini, Ber. 1890, 23, 1359). Indoles undergo 
typical pyrrole reactions w'ltli ebloroform and 
alkali to yield 3-fonnyl-irKloles and, by inter- 
^ mediate rearrangement, 3-chloro(]uinolmes : 


CH 

NH 

CHCHO 
CbH4 CH ^ 
N 


CH CHClg 

\ 

CflH^ CH 



(Ellinger, ibid. 1906, 39, 2520). 

Indoles containing a free 3 -position react wdth 
diazonium salts and also with Grigimrd com- 


pounds, and from the products of the latter 
reaction 3-Rubstituted indoles can bo obtained. 
Aldehydes of tho indole series are readily 
prepared by the action of inotliylformylanilidc 
on indoles in the presence of a condensing agent 
(I.G. Farbenind. A.-G., F.P. 773259, 1933). 

Indoles are rcaddy hj'^drogenated first to 2.3- 
dibydroindoles (G.P. 623693), then to perhydro- 
mdoles and hnally on drastic hydrogenation the 
5- member ed ring .suffers fi.sHion with production 
of o-alkylanilines ; tlii.s lissioii is less learlily 
effected w hen the pyrrole ring is highly alkylated 
(see Von Braun and Bayer, Her. 1925, 58 [BJ, 
387). 

Jndole forms 2-5% of the oil extracted by fat 
from picked jasmine flow’ers, and 100 g. of the 
flow'crs liberate as much as 5-6 mg. of indole 
in a confined sjiaee (Ccrighelli, Coinpt, rend. 
1924, 179, 1193); it has also been detected 
111 several otlu'r jilant jiroducts, c.g. in “ loiigoza ” 
oil (Madagascar) (Trabaud and 8abeta;^ Perf. 
and Es.scrit. Oil Kee. 1938, 29, 142; arc aluo 
Gildemcister and Hoffmann, “ Die Aetherischen 
Oele,” 3rd cd., Vol. I, p. 677). Indole 1^ also 
found in coal tar (Weissgerber, Ber. 191(), 43, 
3520), and together with skatole is a eonktant 
])ioduet of biological degradation of protein 
liy ])am!reatie or bacterial digestion {literaiun' : 
Elbiigerin Abderlialden, “ llandb.d. biol, Arbeits- 
metlioden,” Abt. I, Teil 7, 1923, p. 779) and is 
therefore, Irecjuently found in products of animal 
origin, p.g. normal perspiration contains 0-003- 
0-05% of indole (Labhardt, Zeiitr. Gynak. 1924, 
48. 2626) and sewage and sliidgt* may contain 
0-25 parts pei billion and 0 8 p.p.iii. respeetively 
(Rudolfs aiifl Ingols, Sewage Works J. 1938, 
10, 653). As trypl.ophfin (e. infra) is also a 
constant constituent ot protein it is not sur- 
prising that it is also degradi-d by bacterial 
action to indole. M'lth some strains of bacteria 
(“ indole negative ’’) degradation only jiroceods 
as far as indole-3-aectie arid and the positive 
Ehrlich reai-tiori is onl\ observed it “ indole 
positive ” bacilli aic employed {litcraiiire : 
Nickel in Abderlialden, Bioehem. Hand- 
lexikon,” Bd. XII, 1930, p. 234). 

In addition to methods indicated above, indole 
may be obtained by extraction from coal tar 
(G.P. 223304, 454696) but is usually prepared by 
fiisiiig phenylglyciiic o-('arboxylic acid with 
caustic alkali at 280-290' (G.P. 85071) or at 
250^ under reduced pressure (G.P. 152548, 
260327). 

Indole forms leaflets, m.p. 52^ b.p. 253-254^ 
which are volatile in steam, in addition to 
eheraieal transformations indicated above, indole 
may be directly oxidised to indoxyl by activated 
oxygen and eventually to indigo (G.P. 130629). 

In view of tho occurrence of indole in body 
fluids a large number of quabtative tests for it 
have been proposed {lileraiure : Hoppe-Neyler 
and Thicrfelder, “ Handb. d. physiol.- und 
patbolog.-chem. Analyse,” 9th ed., ]924, pp. 307, 
936; Oppenheimer, “Handb. d. Bioehem. d. 
Menseben ii. Tiere,” 1924, Vol. I, p. 265 ; 
Abderhalden, “ Handb. d. biol. Arbeitsmetho- 
den,” Abt. I, Teil 4, 1923, p. 831; Teil 7, 
p. 783). Tosatti (Biochim. Terap. sperim. 1935, 
22, 286) states that tho Ehrlich reaction with 
^-dimethylaminobenzaldehydc, which Happold 
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and Hoyle (Biochem. J. 1934, 28, 1171) Lave 
used in the colorimetric assay of indole, sur- 
passes all other known reactions and will detect 
J part in 5,000,000. 

Pure indole may be titrated with iodine 
(Pauly and Guiidcrmann, Ber. 1908, 41, 4007), 
but there would seem to be no methods for its 
exact determination in inixtnrea. T.arger quan- 
tities are estimated approximately as the pierate 
(Tlesse, Ber. 1899, 32, 2012); smaller amounts, 
t .g. in bacterial cultures, are distilled in steam 
and cstiinatcd colorimelrically by the nil rite 
method (Moraczewaki, Z. idiysiol. Cliem. 1908, 55, 
45), by naphthacpiinonesulpliouie acid (llerter 
and Foster, J. Biol. Chem. 1900, 1, 257; 
Bergeim, ibid. 1917, 32, 17), or by Ehrlich’s 
reagent (p-dimetliylaminobenzaldehyde) ( Fellers 
and (lough, J. Bact. 1925, 10, 105). 

indole has little direct application but is 
used in compounding artificial piTfumes (G.P. 
139822, 139809). Its presence in jasmine is 
said to be the prime reason for adding jasmine 
to tea, and indeed its detection in aromatic teas 
has been claimed as an indication ol (piality 
(Wang, Ni and Chen. J. C’hem. Eng. China, 1937, 
4, 218). 

2- M elhylindoh 


CH, 


190-4, 37, 1038) is then readily understood. It is 
obtained as sodium isatinate by allow ing limited 





-CO 




cio 


NH 

■c(‘ss of air during the fusion of jihcnylglyciiie 
with alkali (G.l*. H>5102) or jircierahly l>y the 
action ol hot Hiiljihuric acid on oximiiio- 
acetanihde (Sandmeyer, Helv. Cliim. Acta, 1919, 
2, 234; G.r. 320647 ; Organic Syntheses, Coll. 
Vol. 1, 321) or isatin-2-anil (G.P. 113979). 
Isatin forms orangt- n-d prisms, m.p. 200-20P. 
In addition to its direct intcn>st m connection 
w'lth indigo, isatin lias also been used in 
the iiroduction ol tliioindigoid colours (G.P, 
182260; Bc/dzik and Kricdlacndcr, Moiiatsh. 
1908, 29, 376 ; cf. the colour reaction with 
thiophen m concentrated sulphuric acid with 
formation of mdoiihcmn) and other (c.g. halo- 
geriatetl) indigos. 

(Jraminc, dotumne (7.^^), 



L. 


NH 


7:CH..NMe, 


NH 


is obtained from acetone jihenylhydrazone (G.P. 
238 138; Fisclier, “ Anleitnng ziir Darst. org 
Prajiarate,” 1922, p. 68), or Iroin aniline and 
chloroacetone (G.P. 40889). It tornis needl 
m.p. 59'^ b.p. 272“. l.(ike indole it is suitable for 
use as a perfume base (G.P. 139869), lor the pro- 
du<-tion ot azo colours (G.P. 141351, 1(50674, 
163141) and ot medicinal arsenical.s by direct 
reaction with arsenic acid (G.P. 240793). 

3- Methyl i ndttle, skatole. 


is an alkaloids directly derived from indole. 

liufotenine . — (jf higher indoles bufotenine with 
a hydroxyl grouji in tlie aromatie ring is inttuosi- 
ing as occurring in tlie secretnin ot the skin of 
toads (Wieland, Konz and Mittasch, Annalen, 
1934, 513, 1 ; .Jensen and Chen, Ber. 1932, 65 
[B|, 1310). It was synthesised }>y reducing 5- 
methoxy-3-eyanomet]iylm(lole, methylating the 
resiiltiiig base and demetliylating the jihenolic 
methoxyl with aluminium chloride : 


MeO, 



which accompanies indole in nature, may 
be separated by its non -reactivity towards 
l:2-naphthaquinoiie-4-sulphonic acid (llerter 
and Foster, J. Biol. Chem. 1906, 2, 267). Skatol 
forms leaflets, m.p. 95*^, b.p. 265*^. It gives a 
purple or violet-red coloration with vanillin in 
concentrated hydrochloric acid (Blumenthal, 
Biochem. Z. 1909, 19, 527) which unlike that 
given by tryptophan is extracted by toluene 
(Kraus, J. Biol. Chem. 1925, 63, 157) thus 
allowing a quantitative separation. 

Hydroxy-derivatives of indole having hydroxyl 
groups in the pyrrole ring are of significance in 
that they are mtermediates in almost all syn- 
theses of indigo (v. Indoxyl CoMPOUNDa). 

1 satin, 2:3-diketoiiidohne, behaves m many 
reactions as the lactam of isatinic acid, in 
w'hich form it exists in alkaline solution ; its 
formation by reducing 2-iiitrophenyl-propiolic, 
-glyoxylic and -pyruvic acids (Reissert, Ber. 



CH2CH2NH2 


iCHa-CH^NMea 


(cf. Iloshino and Shiinodaira, Bull. Chem. Soc. 
Japan, 1936, 11, 221 ; Annalen, 1935, 520, 19). 
P-Indolyl-'4-acetic acid. 
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This acid has m.p. 164*^, and is obtained by 
boiling the phenylhydrazono of /3-formylpro- 
pionic phcnylhydrazide with dilute alcoholic 
sulphuric acid and hydrolysing the product 
(ElUngor, Ber. 1904, 37, 1806). It has for hmg 
been knoA'n to occur in normal and pathological 
urine, in the products of putrefaction of albumin, 
etc., and was for some time thought to be the 
chromogen in urine giving rise to “ urorosein,” 
the red pigment formed in presence of nitrous 
acid (Elhnger and Flarnand, Z. physiol. C^hem. 
1909, 62 , 285; cf. Plwins et a/., Iliochem. J. 
1913, 7. 24; Homer, J. Biol. Chem. 1915, 
22 , 353). A number of micro-organisms grown 
under controlled conditions wen; observed to 
elaborate a factor which influences cell elonga- 
tion in the Airnfi coleoptile. 33iis comiiound, 
heteroauxin was isolated by Kogl and Ins co- 
workers (Z. physiol. Chem. 1934, 228, 113) and 
shown to be idontii al with indolyl 3-ace,lic acid 
fnnn urine {ibid., p. lOI). v. Auxin and CRf»\vTii 
PromotkRvS. 

A number of 5:7-di-iodoindnlc!-3-acctic, -jiro- 
pionic acids and other iodinated indole and 
oxindoh; acids have been prepared by the Fischer 
hydrazone method and used as A"-ray contrast 
media for therapeutic purposos (O.P. 425941. 
459361, 436518; U.S.P. 1656239; Swiss P. 
122243). 

Tryptophan 

^CH2CH(NH,)C02H 
NH 

is a constant constituent of protein, e.g. coni- 
prises 6-1 1% of the protein of human milk (Boc- 
cadoro, Pediatria, 1922, 80, 257 ; see Abdcrhalden, 
“ Biochem. Hancllexikon, Bd. Xll, p. 693). Its 
isolation by hydrolysing lactalbumiii with baryta 
is described by Waterman (J. biol. Chem. 1923, 
56 , 75), and it is conveniently synthesised by 
causing indole to react with ethyl magnesium 
iodide in anisole; the indole magnesium iodide 
is then converted into indole-3 -aldehyde by 
formic ester and thence through 3-indolylidene- 
hydantoiii and cu-hydantylskatole (Majima and 
Kotake, Ber. 1922, 55 , 3859) to tryptophan : 



NH CO 

3-Iiidolylideiiehydantohi. 



NH CO 

(o-Hy dantylskatole . 


-> Tryptophane. 



Racemic tryptophan has m.p. 289® and is slowly 
dcaminated by acids with the formation of 
humin-like materials. 

Hypaphorine is the betaine of tryptophan, 
(w. Vol. I, 686d). 

A. H. C. 

INDOXYL COMPOUNDS. Indoxyl is a 
nitrogenous organic compound of both industrial 
and biological importance ; industrial, because 
it is an intormodiate jiroduct in the technical 
synthesis of indigo ; biological, because it occurs 
as a glucoside, indican, in indigo -yielding plants 
{see Indigo, Natural), and also as a sulphuric 
ester in human urine. 

Chemically, indoxyl is 3 -hydroxy indole, and 
is related to indole as a-naphthol is to naphtha- 
lene. Indoxyl is a tautomeric substance, in that it 
behaves chemically as if it had both structures (I) 
and (II). The stable form is the phenolic form (1) 


COH 
CH 
NH 

Htulik* form, 

I. 


J, 


Indoxyl. 


CO 

A 

CH, 

.. \/ 

NH 

I.ublle form. 

II. 


CHz 

CO 

. X / 

NH 

Oxiiidole. 

HI. 


whilst the isonu'ric oxindolc is stable in the 
ketonic form (111). 

The jdant glucoside indican has been fully 
discussed under Indigo, Natural. The first 
observation that human uriiu' deposited a blue 
colouring matter under certain conditions is 
attributed by Thiidichnm (“A Treatise on the 
Pathology of Urine,” London, 1877) to .Tanus 
PlanciiH, 1767. The blue colouring matter was 
identified as indigo by Heller and Kletzinski, 
and Baumann (Pfliigcrs Archiv, 13, 291) with 
Bneger (Z. physiol. Chem. 1879, 3, part. 4) 
isolated the rhromogeii from urine and showed 
it to be the potassium salt of indoxyl sulphurie 
acid, decomposed by dilute acids into indoxyl 
and sulphuric acid (Baumann and Tiemann, Ber. 
1880,13,415). 

Indoxyl was first synthesised by Baeyer (Ber. 
1881, 14, 1741) from ethyl o-nitrophenylpro- 
piolate, w'hich Mutli concentrated sulphuric acid 
undergoes rearrangement to ethyl isatogenate. 


CeH* 


CeH, 


^CiC CO^Et 

''NOg 

CO— C CO-Et 


N— <i 


The latter by reduction yields ethyl indoxylate, 
hydrolysed by caustic soda to sodium in- 
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doxy late (IV) ; with dilute acids this loses 
carbon dioxide to give indoxyl. 

COH 

COjNa 

» \ 

NH 

IV. 

Alkali indoxylatcs are also formed by aUvah 
fusion of phenylglycine-o-carboxyln; acid; and 
phenylglycme itself forms indox3d when fused 
with caustic alkali and sodamide {see Ij^digo, 
Synth KTK^). Man 3'^ other syntheses arc now 
known, for which textbooks should be consulted. 

Iiidox3d cTystalliscs in bright 3"cllow' prisms, 
m.p. 85^’. It was obtained crystalline lor the 
first tune by Vorlander and Dreseher {ibid 
1902, 35, 1702) by decomposing iiidox3dic acid 
with warm water in an atmosphere of coal 
gas. It is soluble in watt^r with a green fluores- 
eence, which is dcBtro3^ed by acids and strong 
alkalis. It forms alkali salts which can be 
isolated in presence of excess of alkali. It can 
be distilled with slight dei omposition in steam, 
and has a fajcal odour. It is very unstable, 
being oxidised in air, especially in presence ot 
alkajj, to indigotin, and it resinifies m presence 
of acids. 

Indoxyl and indoxylic acid react with alde- 
hydes and ketones to form indogenides oi the 
general lormula (1) : 


CO 


/ \ 

C 

\ / 

NH 




R' 


1 . 

ludogeuidc. 


CO CO 

C-C b 

NH C0H4 

IJ. 


Indirubhi. 


A special case of this reaction is the formation 
of indirubin (11) from indoxyl and isatin. 
Asymmetric indigoid dyes can be obtained 
similarly using a- anilides of isatins or thio- 
naphthenqumones (ace Indigoid Dyestuff.s). 
Indoxyl also couples with diazo compounds, like 
a phenol, to give azo compounds ( J. Martinet and 
O. Domier, Compt. rend. 2920, 170, 692). These 
may be regarded as phenylhydrazine derivatives 
of isatin. Benzmeazoindoxyl forms orange 
prisms, m.p. 240°. H-Methylindoxyl has m.p. 
67°. H~Acetylindoxylf m.p. 136°, 

Indoxylic Acid is obtained as a white crystal- 
line powder, m.p. 122-123°, by adding a solu- 
tion of the sodium salt to ice-cold dilute sul- 
phuric acid. It decomiioses on melting with 
evolution of carbon dioxide. The N-acetyl- 
derivative has m.p. 175° (decomp.). 

VoL. VI.— 30 


I ndoxylsulphuric Acid, 


C OSO3H 
C,H4^^CH 
NH 


occurs, as stated above, in human urine, as its 
potassium salt, which is referred to in the 
literature as “ urinary indican.” The free acid 
is unstable but the potassium salt forms glisten- 
ing leaticts from alcohol, in whi(;h it is sparingly 
soluble. Dogs fed on indole excrete the sub- 
stance to a considerable cxl,ent in the urine. 
The indole is tranalormed into indoxyl in the 
liver, Hoiissay, Deulofeu and Mazzocco (Compt. 
rend. Soc. Jhol. 1935, 119, 875). Indox^d may 
originate in thi* intestine, be stored in the blood 
and excreted by the kidneys (Hoiissay, Maz- 
zocco and I’otick, ibid. 1934, 117, 1235, 1237). A 
metbod for the detection and colorimetric deter- 
imnatinn of urinary indican is given by A. Jolles 
(Moiiatsh. 1915, 36, 457), depending on the 
oxidation of indoxyl w'ith feme chloride in 
fuming bydiochloric aiid in presen i* of th3"moi, 
w'lien a violet eolounng mutter is 1 >rmed wbicli 
can be extracted with clilorotorm and dctcrmiued 
quantitatively hy coloninetiic lansoii of the 
eblorotorm solution with a ataiidard. .Jolles 
eousiders that the violet eolounng matter is 
4-e3'inol-2-indoleii)(h)ligiioue- (I). An improve- 

CO CH:CPr^ 

C„H, C:C ■ CO 

\ / \ 

NH CMe:CH 

I. 


ment on .lolles’ nudhod has been desciibed by 
H. Sharht (J. Biol. Chora. 1933, 99, 537), who 
uses potassium perHulphato as oxidising agent 
(wliieh prevents jhgnu^nt formation with skatole) 
and extracts the colouring mutter with ethyl 
triehloroaeetate. The indican is determined 
colorimctricalJy by viewing the solution so 
obtained through a green filter, and comparing 
with a 1-5% solution of CoS04,7H20 which 
has been standardised against a known amount 
of indican. A determination can be made on 
10 c.c. of urine, and le.ss than 0’0026 mg. of 
indican can be detected. Julies’ method has 
also been examined by C. O. Cuillaumiii (Bull. 
Noc. Chim. l)iol, 1935, 17, 403) and T. Kumon 
(Z. physiol. Chem. 1935, 231, 205) has described 
a violet compound of indoxyl with iiinhydrin 
which can bo used for the colorimetric deter- 
mination of urinary indican. 

Indoxylsul]»huric acid can be prepared syn- 
thetically by the action of potassium pyro- 
sulphate on potassium indoxyl (Baeyer, Ber. 
1881, 14 , 1745), and by the action of chloro- 
Bulphonic acid on N -acetylindoxyl in pyridine 
(A. Jolles and E. Schwenk, Biochem. Z. 1914, 
09, 347). 

E H B 

INDUCTIVE EFFECT.— The significance 
of the electronic theory of valency as a basis for 
the development of an electronic theory of 
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organic chemical reartions ih that it liniita, by 
the principle requiring tlie prcHt^rvation of 
stable electron groups, the loiiiiH of electron diH- 
placement which it is ])errniHsil)lc to aHHiime in 
the interpretation of intranudecular clccdrical 
interaction. Two met hods havt‘ been BiiggcHtod 
by whi('h elctlron diqtlcts may undergo dis- 
placfmiciit with jircNt'rvation of the atomic 
oetetH and without alteration of the original 
arrangement of atomic nuelc'i. The firat method 
is charneteriHcd by the eircumfttaneo that the 
displaced elettrons remain bound in their 
original atomic oeteta; diHplacementH of this 
type wiTc ])oHtulated in 1023 by ( 4 . N. LewiaJ 
whf» Hhowed how the eh'ctroHtatie disHyminetry, 
ariamg from the unequal electron attraction of 
two ddlerent atoma linked together, could be 
projiugated along a molecule by a mechaniHin 
analogouH to electrtJHtatie induction. This mode 
of electron displai'ement was eoiiHidcred to apply 
to a permanent molecular eomlition, therefore 
producing a ]iermfinerd. jiohiriHation of the 
normal molecule- it has been (ailed the. vn- 
dvehve pfJicL- It ih c(jmmoul\ repn'nented by 
the use of arrow-headed bond sigriH indicating 
the dire(’tioii towards which the el(‘cfTons are 
concentrated : 

Cl^ CH,- CH3. 

Complementary to this mode of electron dis- 
plac'ement is that which is ehanicterised by the 
Hubstitiition of one electron diqilet for another 
in the Name atomic octet/. This source of 
polarisation of the normal moh'cule is called the 
mesomeric eSJcrl.'^ 3 'ho two (dfects foini the 
main jiillais of tin; theory ol the polarisation of 
normal molecules, which has direct application 
ill the interpretation of the jiliysical properties 
(dipolo moment, magnetic suscc'ptibility, ro- 
fractivity, nuclear and elcctronie spectra) of 
organic molocules, and tlu^ thcrniodyiiamicB 
(heats and equilibria) ol organic reactions. The 
same theory requires only to be supplemented by 
a closely analogous tbeoiy ot' polarisation accom- 
panying activation in order to deal with the 
kinetics (activation heats and rates) of organic 
reactions. 

In the theory of the polaiisation of normal 
molecules, and, in particular, in that jiart of the 
theory which deals with the inductive effect, 
electron rtqiulsion and attraction are. regarded 
as relative phenomena: by eonvention the 
standard of reference is hydrogen. A group X 
would be doserihed as repelling electrons il in 
X — CR3 the electron densities in the residue 
CRa are greater than in H — CR^. biniilarly Y 
is said to be eleetron-attraeting if in Y — CR3 
the electron densities in CR3 are lechu'ed by 
comparison with H — CR3. Electron repulsions 
are eoiiventionally distinguished by positive 
signs and attractions by negative signs, so that 
the inductive eflects illustratc'd may bo repre- 
sented briefly by the symbols -|- 1 and —1 : 

X-^CRj H— CR3 Y^CRg 

(-fl-cffect.) (Standard) (-I-cffect.) 

It is inherent in the idea of intramolecular 
electrical interaction that the inductive effect 
exerted by groups must bo influenced to some 


extent by molecular environment, and although 
this effect is usually insuflBcicnt to change the 
iialitative behaviour of a substituent, it is 
convenient when eommc^ncing the task of classi- 
fying atoms and groups to set up the problem 
in a form in which the disturbance mentioned is 
minimal. This wdll be true if the gremps con- 
shlered are iiiuigined to be singly present as 
substituents in a jiaraffin framew^ork. 

A major distinction must be drawn between 
charged and neutral groups. Anionic groups, 

e.g. O S , as a whole are expected to repel 
electrons in comparison with neutral groups 
consideicd as a whole ; and similarly cationic 

-1 -t- 

groupH, t‘.g. R3N R^S<-, as a idass should 
attract electrons relatively to neutral groups 
as a class. The ri^uson is that m anionic 
centres the atomic nuclei are ovcr-compeiiHated, 
and 111 cationic cM iitres th(‘y are uuder-com- 
pemsated, by tlic elections of their own octets. 
(ilroiipH cori.'^istuig of, or containing, foriqal 

dipolar 10ns, c f/. - ♦ NOo, -^SOR, >N^, 

should attnut (‘lections n'lativcly to neiitikl 
gi(ni])s. siiKc tht‘ lormc'i arc invariably joined 
ihroiigb tbmr catjonic cinitrc-s to the remainder 
(d the molediU*. The electroii-attracl mg efler-t 
of such a formal dq)oli‘ should obviously be h'ss 
than tbal of the corrt'sjiondmg fi(‘c positive polt*. 
II should be cnqiliasi.scd that tlu'se are general 
rclati(>nsbi])M, and I hut th(*y taU(‘ no account of 
the individmil variations winch may lead to 
occasional oNcrlapping h(‘tween the various 
snics. 

Judividual dislinclions dfijuniding on chemical 
type become apparent on considijring a serii's of 
neutral groups. In the series ‘CHj, N Hg, ‘OH, 
F, the total nucl('.ar and elcetronie ( hargos are 
the same, but the dist rihiiti'd (protonic) portion 
of the mielear charge in 01^3 hecomes pro- 
giessively centralised in NHg. OH, F, which 
therefore attract electrons liom an attached 
atom Bueeessively moie strongly in eomparison 
with the methyl grouj) (the jiolaiiiy of alkyl 
gioups 18 considered below). Again an atomic 
field j.s expected to sufler lUori; loss through 
internal oleetronie deformation in larger than 
in smaller atoms, and thus inductive cleelroii 
attraction should diminish along the series -F, 
■Cl, -Br, - 1 . A regular connection between the 
inductive effect and position in the periodic table 
of the elements is indicated in this reasoning, 
and if R is a non-polar or feebly polar group 
(H, Alkyl), then all groups such as -NRg, -OR, 
•SR, -Hal, :NR, : 0 ,^N, should attract electrons 
relatively to the methyl group. The extent of 
the attraction should increase with the number 
of the jieriodic group and decrease with in- 
creasing number of the period ; it should also be 
greater in multijily-linked atoms than in the 
corresponding singly-linked atoms. 

It can bo deduced from the premises stated 
that the polarity of all alkyl groups is zero. 
This conclusion is, however, a formal one, 
directly connected with the choice of the paraffin 
framework as a means of standardising the ofiFect 
of molecular environment. A more significant 
conclusion concerning alkyl groups is that, unlike 
the groups already considered (the intrinsic 
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polarity of which renders their classification at 
least qualitatively insensitive to the disturbance 
of molecular environineiit), alkyl groups will 
(essentially exert those polar (‘ll'cctH which are 
iiuprcssed upon them by the' other groups present 
in the moleeiile. in this eonneetion the im- 
])ortant junjierty of alkyl groujis is that they 
aie much nioiy polarisahle than hj’drogen, and 
thus CHj,, although it has no polarity in 
CH., — CHjj, becoineH an ele.eiron-repelling group 
in CHg COjH, and, in particular, it becomes 
so when eompaijson is made, bctwi'en 
CH 5 ->COoH and H — C _ tht 

majority of suhstituents commonly encountered 
in organic moleeulcs are attractors of electrons, 
alk\ 1 groups generally function as weak election- 
repelling groups. Thi'y do this also in hydro- 
carbon strin^lun's such as toluene', though the* 
cause in this case is more a ppropriatc'ly elassilied 
with the mesoinenc edeet. 

The eoiieluHioMS n'aehed in the preceding 
dLseiissioii HKi assemhled tor conveiiieiiee in a 
tahl(‘, in which the “ greater than ” sign, is 
list'd to indicate ineqiialii_> of magnilude of the 
mduct ivc ettpcl : 

Klccimn /jV/m/.so<a (1 I) ; 

■NR>-0; -O; * S ' Se ; Alkyl groups. 

Electron Attravlion (- 1): — 

-NRa; NRa -PRy AsR^ SbRyi 

•ORg. ‘SRa^' SeRar - T eRjj ; 

, , - 1---- 

•NR3> NO^; SO^R SOR; 

-f - -4 . 

■SOgR^-SOj ; 

■NR3> NR2; ORa^ -OR; SRg • SR ; 

■F > 0R> NR 2 ; -F : CI > Br:> l ; 
:0>:NR; ;N: » j CR ; 

:0> 0R; .;N; :NR: 'NRa 

1. G. N. Lew’is, “ A^ilencc and the Struct iirti 
of Atoms and IMoleeules,” (!hcmieul (Uitalogue 
Co., 1923, p. J39. 

2. C. K. Jngold, Chem. Soc. Annual Kep. 
1020, 23, 129. 

3. C. K. Tngold and E. H. Ingold, d.C.S. 1926, 
1310; rf. C. K. Ingold, ihid. 1933, ]]2(). 

C. K. 1. 

INDULINE SCARLET (Vol. 1, r>7r>r/). 

INDULINES. (Colour index Nos. 8.79- 
803.) Dale and Caro in 18()3 and Coupier in 
1807 observed that on heating aminoaztdK'iizcne 
hydrochloride with aniline and its hydroehloiide 
dark blue colouring mailers were foiined to 
which the name Indulincs was given ; these are 
insoluble in water but dissolve in alcohol 
{Spirit-soluble Indulincs), wliilst the free bases 
are soluble in oils and fats. Sulphonation yields 
water-soluble arid dyes known under a large 
variety of names such as Fast Blue, Solid Blue, 
Cotton Blu'C, etc. 


The first induline was prepared empirically 
by Dale and C^aro (ILP. 3307, 1803) by heating 
aniline h\ drochlorido with sexlium nitrite, but 
it was soon apprcc'ialed that aminoazohcnzpiie 
V(as an intermediate product and that by vary- 
ing llic conditions of tonnatioii diifi'reiit products 
could be obtained. The initial product is the 
Ho-callcd Azophciiine (diamlinoquinone dianil) 
which forms dark red crystals melting at 240^C., 
and on further heating yiedds successively lii- 
duline D, 3B ami finally OB. On lieating the 
Bpirit-HOluhle indulincs first lormcd w ith aromatic 
bases other blue dyes of greater value arc formed ; 
thus with p-phciiylcncdianiinc the water-soluble 
raraphenyhnv Blue is formed and with p- 
toluylencdiamiiie w'atcr-soliihlc Toluyicne Blue 
is obtained. 

Such watci'-soluhlc iiidulincs may also ho 
picpared by a modification of flic induline melt 
by allowing aminoazida'nzcnc, aniline and 
a mime liydrochloridc to react togcthi'r in 
comciitratcd luiiieous soluti«ui, or by hcHting 
azobcnzeric with andine h> tirocldoride, p- 
]»lu‘nylenedinmim‘ and a little ammonmiii 
(hloride. Jndulmes ari^ also formed as by- 
products in (jtiicr jiroccHsi'.H siich as the oxidation 
of Cl mb' aniline in the magenta melt. 

Alternative iiu'lhodsof fiivpa ration auj (n) from 
]»henols or (jimioiu's and ammoazo-coinpoimds, 
(h) from h} dioxy azo-compoiimis and aiiihnc, 
(c) ti'oin azobciizciic and aniline hy diochloride 
at 200-230' (\, (d) by the action of p-diainincs 
upon azo dyc's dciived from naphtbylcncdi- 
a mines, (c) by iiu'lting amiiioazolicnzi'nc or jire- 
formed indulincs wntli bi'iizidmc hydroehloiide 
to ])roduc(' suhstantivi' cotton ilycs. 

By the addition of nitrobcnzi'iic or iiitro- 
phcnols to the melt griyish-hliic Ntyrosines are 
produced ; lolloiving the siiggcslion of Garo the 
name Tndidinc is now rt'si'rvcd lor those colour- 
ing mattc'rs produced from amines and azo-com- 
pouiids whilst the name Nigrosiiui is reserved 
lor those jiroduced from nitrobenzene or 
nitrojihenols. 

On a large scale the dyes are jirejiared liy 
lu'ating the rcAjiiired base dissolved in aniline 
togeth(;r with aniline liydroehlondii (the “ In- 
duline melt ”), tile apparatus reciuircd consisting 
essentially of an enamelled still with oil hoaiiiig, 
and provided with a suitable stirrer and eon- 
densi'r. {Some details of tlii' proe(*ss may be 
found in Kierz-J)avid, “ Jvuiistliehe Organisehe 
Earbstuffe ” (192(i), pp. 333-334. 

The uses of the spiiit-soluble indulincs arc 
mainly confined to the jireparaiion of spirit 
lacquers and A'arnishes whilst the free bases 
are used for colouring eandles, waxes, etc. Eor 
textile purposes some use is made of the in- 
diihiics for cotton printing, the colour dissolved 
ill aeetin being known as Acetin Blue, Fronting 
Blue, etc., and in spite of the competition of 
newer and fa.ster dyes the indnlines still retain 
some measure of importance since the dyeings 
on silk and cotton on a tannin mordant are 
fairly last. 

The constitution of the dyes formed in the 
induline melt remained long in doubt, but the 
researches ot O. JTscher and flepp (Annalon, 
J893, 272, 306 ; 1896, 286, 187) and in particular 
the classical investigations of E. Kehrmann and 
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hiH pupilu {r.f. Kehniiann and Klopfcnstein, Bcr. 
102:i, 56fBJ, 2394) liavr- now Hulved the problem. 

The CHsential oomponeiitfl of the melt have 
Ixjcii whow'n to r-f»ii«i>it ol vaiious aiiilinopheiiyl- 
pheiioHafranim^H •. 

A 7iihnophen}/l])h('7iosafraiiinef C3qH2^N5CI, 


PhHNjl 

piihnIi 


/ \ 

Ph Cl 

Jnduliuc B. 


NH, 


A ml i nod I ph c a yl -ph e nosa franin e , ^ 36 ^ 28 ^ 5 ^*’ 


PhHN 

PhHN 



Ph Cl 


Indiillnc 3H. 


iJia nih nodiph euijl- ph e n osa // n /( t w , C 4 « H 3 3 N ^C I , 


PhHN 

PhHN 





Ph Cl 


|NHPh 

iNHPh 


Using dianilino-n-quinone and ^ym-dianilino- 
m-phcnylonediaminc the product ia 2-amino-7- 
aniliiio-3;6-diphenyl-phenosafranine which on 
heating with aniline and aniline hydrochloride 
yields Induline 6B : 


PhHN,^N:0 HaNr^'^^iNHg 

+ -f-HCI 

PhHNl, J :0 PhHNl ^NHPh 


PhHN 

PhHN 



NH3 

NHPh 


2-aLuiiio-7‘aTiilino-3-G-dndiei)yl-pheiiosarranliib. 


PhNHjHCI ^ 


liiduliiic GB. 


Indiilim* OB is also formed on heating 'In- 
dulinc 3B with aniline, aniline hydrochloride and 
inerciirie oxide. 

The w ater-Boluhle dyes sin li as Paraphcnyletie 
Bliit‘ pndjably li.ivo amino groiijis attached to 
the side nuclei : 



/ \ 

Ph Cl 


Induline OB. 


It is ol eoiirsc dillicult to carry out the melt 
in siieli a manner as to obtain homogeneous 
products and the commereial dyestulls are 
therefore mixtures of the above anbstanees in 
varying yiroportions. 

I'he proof of the aeeepted constitutional 
formulaj has been given by Kchnnann (Helv. 
Chim. Acta, 1924, 7, 471; 1925, 8, 001 ; Ber. 
1923, 56 |BJ, 2394), who by boiling 3-chloro-7- 
anilino-0-phen3 l-fl/ioHaframnc (from dianilino-o- 
quinone and 2-amiiio-5-chlorodiphciiylamine 
hydrochloride) with aniline obtained 7-anihno- 
3:6-dipheiiyl-pheiioHal ranine, whieh is identical 
With Induline 311, 


PhHNi/ 


PhHNi 


I 


^:0 


+ 


HjN 

PhHN 



+ HCI 


PhHN 

PhHN 


’V 




/ \ 

Ph Cl 



3 ~chloru- 7 -aullliio- 6 -phenyl-aposarraiiliie. 


PhNH, 


whu‘h would acroiini for their solubility and 
increased basiedy. 

F. A. M. 

INDURITE (Vol. iV. 4056). 
INFUSORIAL EARTH (Vol. Ill, 579a). 
INHIBITORS, ANTIOXIDANTS. Al- 
though isolated examples of the oHeet of small 
amounts of eompounds in retarding the ons(‘t 
of atmospheric oxidation had been Lnown lor 
over a hundred years, this subject did not attain 
Hcientilir or technical signilicanoe until 1917-18 
with the work of Moure 11 and Dutraisse on the 
cause and prevention of the polymerisation of 
acrolein. Thc}^ showetl that the polymerisation 
w^as due to chemical reaction with the oxjgeii 
of the air and that both oxidation and poly- 
merisation could be markedly delayed by traces 
of compounds termed by them “ antioxygfenes 
which W'cre iheiriseTves sensitive to atmospheric 
oxidation (Moureu and Dufraisse, Compt. rend. 
1922, 174, 258). 

It has now been fully established that aut- 
oxidisable substances of the most diverse type, 
both inorganic and organic, can be protected 
by a Hiiiall amount of a reactive extraneous sub- 
stance. These protective substances do not 
belong to any one class, but include eleuients 
such as iodine, salts such as sulphides and sul- 
phites, derivatives of the non-metals and metal- 
loids, and a wide variety of organic compounds, 
particularly phenols and aromatic amines 
(Moureu and Dufraisse, Chem. Rev. 1926, 8, 
113). Indeed, Dufraisse goes so far os to say 


Induline 3B. 
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that every chemically reactive substance should 
be capable, under suitable experimental con- 
ditions, of functioning as an antioxidant. 

The technique used by the French workers in 
their researches was simple, and is still the basis 
of most methods of detecting antioxidant action. 
The autoxidisable substance is confined in an 
atmosphere of air or oxygen under suitable 
experimental conditions, and the rate of oxy'gen 
absorption measured nianonictrically in the 
presence and absence of the compounds being 
tested as antioxidants. 

Antioxidant action is an example of negative 
catalysis, the antioxidant not only prolonging 
the induction period before oxidation becomes 
noticeable and rapid, but also reducing the 
steady oxidation rate M'hich is attained in some 
oxidising systems. Even minute amounts of 
the catalyst may be effective, 1 jiart in a million 
of hydro q inn one being suflicient to improve the 
stability of benzaldehydc to air. 

Although antioxidants have been used to 
protect inorganic compounds such as sodium 
sulphite, their cliiet industrial outlet is in the 
preservation ot organii'- compounds. I’lieir first 
technical use was for the protection of vul- 
canised rubber, and this is still their biggest 
fiehl. They arc also used in petrol {v. In- 
hibitors, Gum), mineral oils such as transformer 
and lubricating oils, fatty oils and waxes, 
aldehydes, etc. Anti-knocks for fueds function 
by an antioxidant inechanisin, and the growing 
realisation tif the signifii'ance of antioxidants 
in biological phenomena may be mentioned. 

In practice, antioxidants are used at con- 
ccntiations A^arying from 0'00l% (petrol, alde- 
hydes, cte.) to 1-2% (rubber) by weight on the 
autoxidisable substance. Technical antioxidants 
are usually organic compounds, the most widely 
used being aromatic compounds with a free 
phenolic group or a basic nitrogen atom. Among 
the phenols may be mentioned /J-napbthol, 
catecliol, hydroquinone and pyrogallol. Bases 
include N-phenyl-tt- and jS-naphthjdaminc (Du 
Pont, B.P. 2769()8) ; N N '-diphenyl -p-phenyleno- 
diamine (Goodyear, B.P. 305195); condensa- 
tion products of aniline with acetone and 
of a-iiaphthylamine with acetaldehyde, and 
substituted amines such as pj/ dimethoxydi- 
phenylamine and p-bcnzylaininophcnol. 

It has been stated above that antioxidants are 
reactive substances which are themselves sensi- 


This theory is not now generally accepted. 
The present view is that aiitoxidation proceeds 
by a chain mechanism, the unstable peroxide 
first formed initiating reaction chains through- 
out the autoxidisable substance. The antioxidant 
functions by reacting with the unstable peroxide 
to give deactivated products, thus breaking the 
chain-propagating mechanism {sec, for example, 
Christiansen, Trans. Faraday Soe. 1928, 24, 
714). Each time a chain is broken, an anti- 
oxidant moleculi' is destroyed. This mechanism 
has been shown to hold for the aiitoxidation of 
substanees as varied as benzaldehyde (Back- 
strom and Beatty J. Physical (!hem. 1931, 35, 
2530) and rubber (Morgan and Naunton, Proe. 
Bubber Tech. Conf., London, 1938, p. 599). 

R I’ G 

INHIBITORS, GUM. The term “ giim- 
mhibitors ” has been applied to numerous 
organic compounds that have the jiower of pre- 
venting till' formation of resinous or giim-liko 
material in motor spirits during storage. Gum ^ 
formation in motor spirits is a Iniiiid-pliase oxi- 
dation jimt ess and gum -inhibitors are a special 
class of antioxidants (r. iNniiiiTORs, Anti- 
oxidants). 

Attention was drawn to the toriiiation of gum 
111 motor spirits as a result ot the development, 
since about 1910, of the cracking process for the 
conversion of gas oil and other high- boiling 
fractions of petroleum into motor spirit. The 
petrol produced, particularly by vapour-phase 
(Tacking processes, was found to be highly 
unstable, readily formed gum, and darkened in 
colour on storagi . Its use in intemal-combus- 
tiou engines eausi'd the choking of jets, and tho 
formation of resinous deposits in the induction 
manifold and inlet- valve pockets, and on the inlet- 
valvo stems, causing them to stii'k in tho guides 
with consequent loss of engine flow or and erratic, 
running. Tlicso objectionable properties were 
considered to be due to the high proportion of 
unsaturated hydrocarbons (olefins) present in 
this tjqio of petrol. Although these disadvant- 
ages could be largely overcome, by drastic 
refinmg treatment with sulphuric acid or other 
reagents, this was costly owing to the consider- 
able losses of material, as w ell as the expense for 
plant, labour and reagents. 

The subsequent demand for motor fuels of 
increasing anti-knock value further emphasised 
the importance of this problem, since it was 


tive to oxygen. An antioxidant for one system 
may act as a pro-oxidant for another system, 
and even a change in concentration may change 
an antioxidant into a pro-oxidant. The first 
explanation of their action was the antagonistic 
oxide theory put forward by Moureu and 
Dufraissc in 1923 (Compt. rend. 1923, 176, 624). 
On this theory, the first reaction is tho formation 
of an unstable peroxide of the autoxidisable 
substance; this reacts with the antioxidant to 
give two unstable oxides, which dccoinpose to 
regenerate the original substance, the antioxidant 
and molecular oxygen. 

A+Ojj-^ALOa] 

A[02]+B-^A[0]+B[0] 

A(0]+B[0]-^A+B+02 
A iB autoxidisable Bubstance. 


found that the highly unstable petrols produced 
by vapour-phase cracking processes had a high 
anti knock value, but this was reduced to a 
considerable extent by the refining treatment 
necessary to render them sufficiently stable. 

A somewhat similar position arose in connec- 
tion with the increasing use of benzole as an 
anti-knock blending agent in petrols after the 
1914-18 war. The crude benzole produced at 
coke ovens and gas works contains up to 10% or 
more of uiiBatunitcd hydrocarbons, and unless 
these constituents are rcmovc^d almost com- 
pletely, the benzole is liable to cau.se trouliles 
due to gum when used in engines. 

Attention was first drawn to an alternative 

^ The terms “ gum ” and " rcslii ” have been used 
In thlB article Bynonymously and in a purely descriptive 


B is antioxidant. 
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and much more Hatinfactory method of treat- 
ment for fuelH of this typo by the publication in 
1930 of the invent igations on gum formation 
of the Research Coraniittee of The National 
Benzole Aasoeiation (Great Britain). These 
investigations hIiowcmJ (I) that engine troubles 
due to the una of unstable fuels are caused 
almost entirely by non-volatile gum already 
present in the; fuel at the time of use (Kept, of 
of Research ( V)inniittep, Nat. Benzole* Assoc. 
1920, p. 97; V. Voorliees and J. O. ICisinger, 
.1. Soe. Automotive Kng. 1929, 24 , 584; E. B. 
Tfimn, 11. G. M. Eisc'hc'-r and A. .1. Blackwood, 
ihid. J!)30, 26 , 31 ; »S. J*. Maiic^y and W. A. Gnise, 
Ind. Eng. Gheni. 1932, 24 , 1298), and (2) that 
the deterioration and gumming ot the fuel prior 
to its use in an engine can be prove.ntcd by the 
addition of very small cpiantities of certain sub- 
stances, such as plu'nols and aromatic amines. 
These conclusions were supported by large-scale 
storage tests and fleet trials (Repts. of Uesoarch 
(^)mmittee, Nat. Benzole Assoc. 1027-30; 
W. H. Iloffert and G. fUaxton, Fuel, 1930, 9, 
359, 440, 470). 

The use of such substaiu'cs enabled the drastic 
refining treatineiit liit-berto fouml necessary to be 
considerably rcduei'd or almost (“utirely elimi- 
nated, thus not only ellecting considerable 
oeonomif'H in the expense of reagents, etc , but 
also avoiding the di'st.ruction of material ha\ irig 
valuable aiiti-knoijk ])roperties. These advant- 
ages have led to the wide use of gum-inluhitors 
in eonnection ^^ilh the production oi eraeked 
jietrols, lienzoles and other motor luels eon- 
taming iinsatiirated hyclroearbons. 

General Nature of the Gumming Process. 
— When motor fuels containing nnsatui-ated 
hyilroearbons are stored, the non- volatile 
material, known as gum, is produci'd at. a rate 
jlojiendiug both on t he nature of the fuc'] and the 
eonditions of storage. There is olteii a ])ie- 
liminary period when the rate ol gum formation 
is small, lollowed liy the ]iro(luction ol gum at 
an iiu’reasing into. At first, the gum lemaiiiN 
dissolved in tlie iuel, but when tlie saturation 
limit, which varu's eonsiilenibly with dilTereiit 
fuels, has lieen reached, the gum separates out. 

'The gumming proeess is areoni])anied by a 
inarke(l fall in the anti -knock ])ioperties ol the 
fuel. E. W. il. Mardles and H. Moss (J. Inst, 
IVtroleuin Tech. 1929, 15 , 057; .see aLso J. C. 
Morrell, 0. 1). Lowry, G. G. Dryer and G. Eglofl', 
Ind. Eng. (3iein. 1934, 26 , 497) have attributed 
this to (1) fouling of the interior of the engine, 
(2) the presence of peroxides (.spf below) which 
are strong knock -inducers, and (3) the partial 
removal of hydrocarbons of high anti-knock 
value. Gum formation is also often associated 
with an increase in colour, although this is by 
no means a definite indication of gumining. 
Thus, extensive gum formation occuis in some 
motor fuels without any noticeable deterioration 
of colour, whereas with other fuels inereasc in 
colour ocTurs with practically no increase in 
gum eoniciit (B. T. Brooks, ibid. 1920, 18 , 
1198; Rept. of Research Gommittee, Nat. 
Benzole Assoc. 1920, p. 41). 

It has now been definitely established that 
gum formation does not occur in the absence of 
air, and it h generally agreed that it is primarily 


an air-oxidation process, i.c. the polymerisation 
reactions giving rise to the formation of gum are 
initiated by oxidation. 

As early as 1918, B. T. Brooks and I. Hum- 
phrey (.J. Amer. Ghem. Roc. 1918, 40 , 822) 
suggested that the diolefins rather than the 
monn-filcfins w'cre the chief cause of gum for- 
mation. B. T. Brooks, “ The Non-Benzenoid 
Ilydroearhons,” New York, 1922, p. 427, also 
drew a parallel between the oxidation of pinene 
and of iinsatu rated petroleum oils, and advanced 
the view that the first step in the production of 
gum from eraeked petrols is the formation of 
peroxides of the diolefins, which break up with 
the formation of aldehydes, ketones, wab^r and 
carbon dioxide, and yield organic acids on further 
oxidation. The ])alc yellow^ lliiid gum formed 
from CT ached ])etrols on exjiosuro to air eoi^sists 
mainly of organic peroxides, aldehydes and 
kctoii(‘S, whilst the resin that remains kfter 
prolong(‘d evaporation consists largely of wsin 
aci<ls. N. A. (h Smith and M. B. Gooke (G.S. 
Bur. Mines Kept. Invest. 1922, No. 2li)4) 
similarly eoneliided that (1) gums arc caused' by 
oxidation, but liave no ridationsbip to the itn- 
saturation as determined by sulphuric acid 
al).sor[)tioii, and (2) giiiiis are polymerised 
aldehydes foiiiu'd ])y oleliii oxidation. 

That diolefins which reatlily form jieroxides are 
mainly, although not entirely, responsible, has 
been confirmed by 1). T. Flood. J. W. Hladky 
and G. Edgar (Oil Gas .1. 1930, 29 , No. 18, 
40; Ind. Eng. (3icm. 1933, 25 , 1234) and by 
H. A. (kssai {ibid, 1931, 23 , 1132 ; see also P. N. 
Kogennan, Trans. Second World Power Gonf. 
(Bcilin), 1930, 8, 33), who have eonijiared the 
relative stabilities ot various pure uiisatiiratcd 
liydiocaiboiiH. and by S. M. Martin, 3r., W. A. 
Grilse and A. Lowry (liid. Eng. (hem. 1933, 25 , 
381) who found that wJien diolefins were re- 
movi‘d Irom cracked petrols by maleic anhydride, 
by sulphnnc acid fir by jiaitial bydrngenataon, 
gum w'as no longer rormed. 

Ihe eonnection between jiero.xides and gum 
Ibriiiation has sinee been eiiiphasiHC'd by L. G. 
iStory, K. W. Piovine and 11. T. Kennetl {ibid. 
1929, 21 , 1079) 3. A. V Viile and G. P. Wilson 

{ibid. 1931, 23 , 1254), E. W. .1. Mardles and Jl. 
Moss (I.c.), G. Egloff and his eo-worhers {ibid. 
1934, 26 , 497, 655, 885; 1936, 28 . 465), and 
other investigators. Peroxides can be detected 
at a verj" early stage of oxidation at which no 
aldehyde or acid and practically no gum is to 
bo fouud. The, rate of formation of peroxides 
aceeleraies wdth time. Gum is formed in con- 
siderable amounts as soon as much peroxide is 
present, and before the formation of any 
appreciable amounts of aldehydes or acids, which 
appear therefore to be pecondary reaction pro- 
ducts. According to Yule and AVilson there is a 
relation between the gum content and “per- 
oxhle number ” of eraeked petrols. 

Alt hough the general eharaetcr of the gumming 
proee.PS is nnw^ well established and there is strong 
evidence that the first step is the formation of 
organic peroxides, the mechanism of the further 
reactions finally leadmg to the formation of gum 
is still obscure. Since the general nature of the 
proeess is one of oxidation, it is to be expected 
that under normal storage-conditions gumming 
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will depend on the accosaibility of air to the fuel. 
It ifl also induenced by a number of other fuetors, 
such as temperature, actinic light, material of 
the containing vessel, and the presence of sub- 
stances which may either promote or retard the 
reactions involved. 

Action of Gum-Inhibitors. — Any peroxides 
and gurn already present in a raw motor spirit 
arc removed during fractional distillation, which 
is usually an essential feature ol any refining 
process. Thereafter, formation of peroxide and 
gum may recommence immediately or, as 
already stated, there may be a short delay or 
“ induction period ” before gumming com- 
mences. The effect of adiling an inhibitor is to 
cause a very prolonged induction period before 
oxidation commences, aijparently by preventing 
the initial formation of peroxides as postulated 
by C. Moiireu and C. Diifraiase (Ghem. R<*v. 
1920, 3, 113) tor antioxidants in general. 
During this period the furt her reactions h’.ading 
to the formation of gums, to darkening in colour 
and to fall in anti -knock value are Buppn'sscd. A 
very wide range of organic eomjiounds has been 
found to he capable of prolonging the induction 
])eriod, sonic b(‘ing much more effective than 
others. Tlic most efficient are those containing 
a phenolic group, and the jiropcnty ap])cars t«) be 
]K)ssesacd to the greatest degree by substances 
that arc tlieniselves readily oxidised. 

Gum-inlnbitors do not prevent gum for- 
mation iiidelinitely, they only delay the eoin- 
meneeinent of the process. However, sitiee 
efficient giim-inhihitors in suitable eoncentratioiiH, 
which may vary from one- thousandth to a h‘w 
Inindredths of 1%, arc cajiable ol jirohmging the 
induction jicriod under normal storage-corn lilioiis 
for many months, or ycais, this js not of any 
practical conHCf(ueiice. 

Gum Tests. — In connection with the study 
and application of inhibitors, it is necessary to 
consider the tests avniJahle for fleterinimug the 
qiianlit y of gum in a fuel at any part icular t ime, 
i.c. the Ho-callod 'preformed oi e.nstcnt gum, and 
those used for deternuuing the tendency of a 
fuel to form gum on further storage, i.e. t-ho 
so-called potential gum. Clearly, (lie relative 
tendency ol fuels to form gum can be detennined 
by storing tbem for a definite period and then 
iletcnninmg the existent gnm. Such storage 
tests, however, take too long fo bo of praeti(‘al 
use, and it has been found necessary to devise 
much more rapid laboratory tests. 

(1) Determination of Existent Gum . — Numerous 
tests have been suggested for this piirposf',, all 
of them involving eva]H)ration of the fuel under 
defined conditions and measurement of the non- 
volatile residue. 'J'he chief difficulty has been 
to prevent further oxidation and gumming of 
the fuel during evaiioration. Clearly, the 
method of evaporation that gives the lowest 
result will approximate most closely to the true 
gum content of the fuel. 

The earliest tests consisted of merely allowing 
the fuel to evaiiorate from a glass or copjier 
dish heated on a boilmg-water bath (lOfT'C.). 
Sometimes the gum obtained m this way was 
subsequently “ dried ” by further heating at a 
higher temperature. It was found, however, 
that further gumming occurred during the tests. 


particidiirly with fuels containing high-boiling 
const! tuents. Moreover, with certain fuels the 
eopjier apparently catalysed the formation of 
gum (.see below). N. A, C. Smith and M. B. 
Cooke (U.S. Bur. ISlines Kept. Invest. 1922, 
No. 2394; M. B. (k)oke, ibid. 1925, No. 2680) 
proposed a steam -bath method and porcelain 
dishes to eliminate these effects. Attempts were 
also made to simnlafc engine-manifold conditions 
by subjecting the fuel to llash evaporation (W. S. 
Noma and 1^\ 15. Thole, J. Inst. Retrolcum Tech. 
1929, 15, OH I), or jaissing the vaporised air-fuel 
mixture over a hot plate (E. B. Hiinn. H. G. M. 
Fischer and A J, Blackwood, J. Sue. Auto- 
molive Fhig 1930, 26, 31). Methods involving 
vacuum distillation were aDo tried (W. Little- 
john, \V. H. 'I'liomas and H. B. Thompson, J. 
Inst. JVtroleinn Tech. 1930, 16, 0S4 ; and O. C. 
Bndgeman and K. W. Aldrich, J. Soe. Auto- 
motive Eng. 1931, 28, 191). All these methods 
have now' been superseded by “ air-jct teats.” 
I’hese have been deviilojied from a procedure 
originally inojioseil by ilunn, Fischer and 
Blackw'oixl, which consisted in nllowing a stream 
of air to impinge on Mu' surfaee of the fuel 
during evaporation on a water bath. Under 
these conditions the fuel evnporati's much more 
rajiidly and further ovidatioii is almost entirely 
eliiriiiated, no pcrt'cjiiihle differences being 
ohsiTved wbeii the air is rejilaced by nitrogen or 
carbon dioxide. Various modifications of ibo 
original method, m which liigher temperatures 
arc cnijiloyed and the air is jireheated, have been 
suggested (M. .7. Mulligan, W. G. Lovell and 
T, A. Boyd, InrI. Eng. (’hem. '[Anal.], 1932, 4, 
3.'*)). A coiiventionMl air-jet test has now been 
adojited tenlalivclv ns a stnndnrd by the Insti- 
of PetroJenin in Great Britain (“ Standard 
Mctljods ol Testing Pctiolenin and its pro- 
ducts,” 1935, p. 200) and a more elaborate 
method employing a hot ail -ji't, by the American 
Society lor Testing Materials in the U.iS.A 
(“A.ST.M. Standards on Petroleum Products 
and Liibricanls,” 1939, p. 150). 

(ii) Detenu uialiori of l^otential Gum . — 
NiinicrouH tests have similarly been devised for 
(leterniinirig potential gum. Practically all of 
(bem, althougli differing in the conditions used, 
depend on tlio same prmciidc, viz., intensifying 
the eomlitioiiH of oxidation. In some of the 
tests, the gnm formed during a definite period of 
oxidalion is measured, m others the length of the 
induction periotl, ns indicated by oxygen 
absorption. 

The earliest test, w hich was first developed as 
a test lor corrosion, involved evaporating the 
fiKil fioin a iiolishcd copjier dish. The copper 
was considered to catalyse the formation of 
gnm. , Subsequently, further work cast con- 
siderable doubt on the significance of the results, 
since they were often at variance with those of 
engine and storage tests (Rept. of Research 
Committee, Nat. Benzole Assoc. 1920, pp. 41 et 
seq.i V. Voorhees and J. O. Eisingcr, J. Soc. 
Automotive Eng. 1929, 24, 584; and E. B. 
Hiinn, H. G. M. Fischer and A. J. Blackwood, 
I.c,). 

A test which has been standardised inter- 
nationally for benzoles (W. H. HofiFert and G. 
Claxton, Gas J. 1932, 200, 494 ; Nat. Benzole 
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AMHor. “Standard Sprcdit ations for Benzole 
and Allied Prculiirts,’' IDHR, p. 109) connietH in 
bubbling oxygen through the fuel whilst it is 
heated at l(Kr(\ in a flask Mith reflux eondenser, 
the gum formed during a definite i)eriod being 
finally determiner!, This test, however, is un- 
suitable for highly volatile fuels owing to loss of 
fuel in the oxygen stream. For petrols, a better 
pro(edun\ and om* whieh is particularly suitable 
for the study of inhibitors, is that originally 
f>ropoH(‘(l by V". Voorhecs and J. (). Eisinger 
(J. Soc. Automotive Eng. 1929, 24 , 584) and 
recommended by '\\ H. Rogers, J. L. Bussies 
and 1\ T. Ward (Ind. Eng. Chem 1933, 25 , 397). 
Jt consists of heating the fuel with oxygen in a 
llask in a stc^arn bath (fig. 1) and observing the 


rate at which oxygen is absorbed, by means 
of a manometer connected to the flask. In this 
way the induction period is measured or, if 
desired, the gum content of the fuel may also 
be determined after a definite period of oxida- 
tion. Numerous tests have also been devised 
in whieh the fuel is heated under pressure with 
oxygen in a metal bomb (E. B. Hunn, II. G. M. 
Fmcher and A. .1. Blackwood, / c. ; E. W. 
Aldricb and N. V. Robie, J. Soc. Automotive 
Eng. 1932, 30 , 198 ; 0. 0. Bridgeman. Oil Gas ,1. 
1932, 31 , No. 3, 55; G. Eglolf, .1. C. Morrell, 0. O. 
Lowry and O. G. Dryer, Ind. Eng. Chem. 1932, 
24 , 1375; J. W. Ramsay, ibid. 1932, 24 , 539; 

B. F. Ward, Oil Gas .1. 1932, 81 , No. 12, 16; 

C. Winning anrl R. M. Thomas, Ind. Eng. Chem. 



1933, 25 , 511; W. H. Thomas, Broc. World 
Retroleum Congr. 1933, 2 , 122), the size of bomb, 
material, quantity of fuel and techniejue, how - 
ever, varying considerably. 

The standard tost adopted tentatively by the 
Institute of Petroleum in Great Britain consists 
in heating the fuel with air in a llask immersed 
in a steam bath for a definite time, and subse- 
quently determining the existent gum (“ Stan- 
dard Methods for Testing Petroleum and its 
Products,” 1935, p. 208). The A S.T.M. have 
standardised tentatively a metal bomb te.st, in 
which the induction period is measured, as in 
the Voorheea and Eisinger test, by a recording 
manometer (“ A.S.T.M. Standards on Petroleum 
Products and Lubricants,” Committee D.2, 1939, 
p. 163). 


Correlation of these tests with actual storage 
tests has proved extremely difficult, and only 
a rough relationship has been established (W. H. 
Hoffert and G. Claxton, l.c. ; T. H. Rogers, J. L. 
Bussies and P. T. Ward, l.c. ; C. G. Dryer, J. C. 
Morrell, G. Egloff’ and C. D. Lowry, ind. Eng. 
Chem., 1935, 27, 15; “A.S.T.M. Standards on 
Petroleum Products and Lubricants,” Com- 
mittee D.2, 1939, p. 9). Hence it is advisable 
to check any conclusions drawm from them by 
actual storage tests. Moreover, owing to the 
fact that it is impossible to cover m a single test 
the many storage conditions used in practice, it 
is desirable to allow a high factor of safety with 
regard to the stability requirements of motor 
fuels. 

A further limitation with regard to potential 


F 
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mini 1f\stn liaR Ijcen pointed out hy E. \V. ,T. 
Mardlcs (Proc. World Petroleum Congr. 1033^ 
2, 37, 110). At the high temperature used 
(1()0"C.) the relative efficienriefl of inhibitors 
may differ eonsiderably from their relative 
eflieienriea under normal Rtorage-eonditioiis. A 
RU bats nee may even exhibit praetieally no in- 
hibiting effect under the eonditions of a potential 
gum test, although quite efleetiv e at atmosjiherie 
temperatures. An example of this is a (lorded 
by hydroipiinoni', vhieh has little or no in- 
hibiting elb'ct under the eontlitions of a. bomb 
test (G. Eglidf, J. ('. Morrell, C. 1). Lowiy and 
(’. G. Dryer, Ind. Eng. (3iem. 11)32, 24, 1375), 
but is quite effective under normal slorage-eon- 
ditions. For this reason Mardlcs preieis in- 
cubation teats on samples of the fuel at 35“G. 
to oxidation feats at 1UU”G. Hovcver, most of 
the Hubstances that give rise to these anomalies 
have only feeble inhibiting power, and no 
examples appear to have bi‘en reported in which 
the converse occurs, the substance having a much 
lower inhibiting effect than that indicated hy 
potential gum' tests. 



Effect of Concentration of Inhibitor. — 
As already mentioned, the cIIim'I of adding an 
inhibitor to a motor fuel containing iinsaturated 
hydrocarbons is to cause an induction period 
before gum is formed on storage or iiiitlcr the 
conditions of potential gum tests. Typical 
results are shown in figs. 2 and 3. 

With an efficient inhibitor in low concentra- 
tion in a moderately unstable fuel, the increase 
ill the induction period, as indicated by oxygen 
absorption, is directly proportional to the con- 
centration of inhibitor. Typical results due to 
T. H. Rogers and V. Voorlices {ibid. 1933, 25, 
520) are given in fig. 4. With very unstable 
fuels, however, or Avhen high eoneciitrations of 
inhibitors of low efficiency are used, considerable 
deviations from this simple relationship are 
found (Du Pont de Nemours & (^o., “Gasoline 
Antioxidants,” Tech. Bull. No. 4). Thus, when 
the induction period is plotted against the in- 
hibitor concentration, a curve is obtained which 
may become horizontal. In other words, further 
addition of inhibitor gives no iiKTcase in in- 
duction beyond this point, and it may be entirely 
impossible to obtain a satisfactory induction 
period. 

If the induction period is measured with respect 


to gum, it is often found that a small amount of 
gum is formed during the induction period, 
either from the fuel itself or from the inhibitor, 
by secondary reactions. Moreover, the inhibitor 
may be non-volatile, thus increasing the residue 
left on evaporation (W. H. Hoffert and G. 
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Clnxton, .I.S.G L 1933, 52. 25T). Hence the 
problem of deku mining the amount of inhibitor 
io use in practice resolves itsclt into either (1) 
a potential gum test to determine the (]uantity 
of inhibitor that will give a required induciioii 
period, e.g. 400 minutes by the Voorhees and 
Eisirigcr test, which is claimed to bo equivalent 
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to a storage life of about 1 year under temperate 
climatic conditions, or (2) determination of the 
concentration of inhibitor that will reduce to, 
t.y. 10 mg. per 100 ml., the quantity of gum 
formed during a definite time of oxidation in 
a potential gum test. When cither of these 
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AHHor. “ StaTularrl SpecirK atjoiiH for Benzole 
and Allied lYoduetn/’ 1938, p. 109) consistR in 
bubbliiip oxygen through the fuel whilst it is 
heated ut HkV'CI. in a flask with reflux eondenser, 
the gum formed during a definite period being 
finally (hderminetj. I’his test, however, is un- 
suitahlt; for highly \olatilo fuels owing to loss of 
fuel in t he oxygen stream. For petrols, a better 
procedure, and one which is part-icularly suitable 
for the study of inhibitors, is that originally 
])roj)()Med by V. Voorhees and J. 0. Kisinger 
(.1. Soc. Automotive Eng. 1929, 24, 584) and 
recommend(!d by T. TI. B^ogers, ,1. L. Bussies 
and P. T. Ward (Ind. Eng. (Jhem 1933, 25, 397). 
It consists of heating the fuel with oxygon in a 
flask in a steam bath (fig. 1) and observing the 


rate at which oxygen is absorbed, by means 
of a manometer connected to the flask. In this 
way the induction period is measured or, if 
desired, the gum content of the fuel may also 
be determined after a definite period of oxida- 
tion. Numerous test.s have also been devised 
in which the fuel is heated under pres.sure with 
oxy'gen in a metal bomb (E. B. Hiinn, H. G. M. 
Fi.scher and A. .1. Blackwood, Lc ; E. W. 
Aldiich and N. P. Kobie, J. Soc Autcmiotive 
Eng. 1932, 30, 198 ; 0. C. Bridgeman, Oil Gas .1. 
1932, 31, Nc». 3, 55 ; O. Egloff, .1. C. Morrell, C. O. 
Lowry and (\ G. Dryer, liid. Eng. Chciii. 1932, 
24, 1*375; J. W. Ramsay, ibid. 1932, 24, 539; 

B. P. Ward, Oil Gas J. 1932, 31, No. 12, 16; 

C. Winning and R. M. Thomas, Ind. Eng. Chom. 



1933, 25, 511; W. H. Thomas. Proc. World 
Petroleum Congr. 1933, 2, 122), the size of bomb, 
material, quantity of fuel and technique, how- 
ever, varying considei ably. 

The standard test adopted tentatively by the 
Institute of Petroleum in Great Britain consists 
in heating the fuel with air in a flask immersed 
in a steam bath for a definite time, and subse- 
quently determining the existent gum (“ Stan- 
dard Methods for Testing Petroleum and its 
Products,” 1935, p. 208). The A.S.T.M. have 
standardised tentatively a metal bomb test, in 
which the induction period is measured, as in 
the Voorhees and Eisinger test, by a recording 
manometer (” A.S.T.M. Standards on Petroleum 
Products and Lubricants,” Committee I).2, 1939, 
p. 163). 


Correlation of these tests with actual storage 
tests has proved extremely difficult, and only 
a rough relationship has been established (W, H. 
Jloffert and G. Claxton, l.c . ; T. H. Rogers, J. L. 
Bussies and P. T. Ward, l.c. ; C. G. Dryer, J. C. 
Morrell, G. Egloff and C. D. Lowry, Ind. Eng, 
Chem., 1935, 27, 16; “A.S.T.M. Standards on 
Petroleum Products and Lubricants,” Com- 
mittee D.2, 1939, p. 9). Hence it is advisable 
to check any conclusions drawn from them by 
actual storage tests. Moreover, owing to the 
fact that it is impossible to cover in a single test 
the many storage conditions used in practice, it 
is desirable to allow a high factor of safety with 
regard to the stability requirements of motor 
fuels. 

A further limitation with regard to potential 
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cum tests has been pointed out by E. W. J. 
Mardles (Proc. World Petroleum Congr. 1933, 
2, 57, 116). At the high temperature used 
(1()0“C.) the relative cfficieneies of inhibitors 
may differ considerably from their relative 
effieieneies under normal storage-eonditionR. A 
Hubstniire may even exhibit practically no in- 
hibiting effect under the eonditioiiK of a potential 
gum i('8t, although quite effective at atmospheric 
temperatureR. An example of this is afforded 
by h^ulroquiiione. which has little or no in- 
hibiting effect under the conditions of a bomb 
test ((j. fjgloff, J. (5, Morrell, C. 1), LowTy and 
C. G. Dryer, Tnd. Eng. Ohom. 19:i2, 24, 1375), 
but is quite effective under normal storage-con- 
ditions. Eor this reason Mardles preJeis iii- 
eiibation tests on samples of the fuel at 35"(^ 
to oxidation tests at look’d. Howe\er. most of 
the substances that give rise to these anomalies 
have only feeble inhibiting power, and no 
examples appear to have been reported in which 
the converse occurs, the substance having a much 
lower inhibiting effect than that indicated b> 
potential gum' tests. 
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Effect of Concentration of Inhibitor.— 
As already mentioned, the effect of adding an 
inhibitor to a motor fuel containing unsaturatod 
hydrocarbons is to cause an induction jieriod 
before gum is formed on storage or under the 
conditions of potentical gum tests. Typical 
results are shown in figs. 2 and 3. 

With an efficient inhibitor in low concentra- 
tion in a moderately unstable fuel, the increase 
in the induction period, as indicated by oxygen 
absorption, is directly proportional to the con- 
centration of inhibitor. Typical results due to 
T. H. Rogers and V. A'oorhees {ihid. 1033, 25, 
520) are given in fig. 4. With very unstable 
fuels, however, or when high concoiitrations of 
inhibitors of low efficiency are used, considerable 
deviations from this .simple relationship arc 
found (Du Pont de Nemours & Co., “ Gasolme 
Antioxidants,” Tech. Bull. No. 4). Thus, when 
the induction period is plotted against the in- 
hibitor conecntratioii, a curve is obtained which 
may become horizontal. In other words, further 
addition of inhibitor gives no inerease in in- 
duction beyond this point, and it may be entirely 
impossible to obtain a satisfactory induction 
period. 

If the induction period is measured with respect 


to gum, it IS often found that a siiinll amount of 
gum is formed during the induction jieriod, 
either from the fuel itself or from the inhibitor, 
by secondary reactions. Moreover, the inhibitor 
may be non-volatile, thus increasing the residue 
left on evaporation (W. H. Hoffert and G. 
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(Easton, .1 S.C 1. 1933, 52, 25T). Hence the 
problem ol determining the amount of inhibitor 
to use ill pniclice resolves itself into either (1) 
a potential gum test to dotermino the quantity 
of inhibitor that will give a required induction 
])eriod, e.g. 400 minutes by the Vooihees and 
Eisinger test, which is claimed to be equivalent 
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Fig. 4. 

to a storage life of about 1 year under temperate 
climatic conditions, or (2) determination of the 
concentration of inhibitor that will reduce to, 
e.g. 10 mg. per 100 ml., the quantity of gum 
formed during a definite time of oxidation in 
a potential gum test. When either of these 
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meihodH is applif'd, it is ffimid that thf* con- 
rpntration of inhibitor required varies con- 
siderably aocordm}' to the particular substance 
used, and also arcordinp to the character of the 
fuel to which it is added. 

Relation of Chemical Composition and 
Inhibiting Power. — Data concerning the re- 
lative mhilMhng idhciencicn of various organic 
compounds ha\(' lieen jmldisheil by (). Egloff, 
.1 (' MoriclJ, (' I). liowry and C. G. Dryer 
(/.r. ; I’roc. V\'oild Petroleum ('ongr. 19311, 2, 
TiO , ,'icc also (j 1 ICgloH, W P. Karagher and J. C. 
Moirell, Keriner, 1930, 9, No. 1, 80), T. 11. Rogers 
and V. Voorhecs (Jnd. Eng. (-hem. 1933, 25, 520; 
Oil (ias J. 1933, 32, No. 11, 13; Proc. World 
Petrcdeiim Congr. 1933, 2, 53) ami other investi- 
gators. The method usually ado])ted has been 
lo compare the inerease in the indiution period, 
di ieriiiined i^ith respect to oxygen absorjition, 
whiui the same eoncentration of thcj various 
compounds has been added to difb'rent portions 
of the same fuel. l'nlortumiti‘ly, tin* actual 
concentrations of the added substances, the* 
t3^pes of fuel and the eomlitioiis o( oxidation 
used bj^ different investigators have varieil con- 
siderably. Moreover, owing to the fact that the 
relationshij) between concentration and the 
induction period may not be linear, it is not 
alw'ays safe lu reduce tlie reisults to the same 
eoncentration of the added substance. 

Some observers have merely eomjmred the 
quaiitdies of gum obtained witb a single con- 
cent lation of the various substanees after a fixed 
time of (»\idation. Since the relative quantities 
of gum will diHer eonsideiably, depending on 
whether tins time is longer or shorter than the 
induction period, such lesults giM' little or no 
indication ol relative iiihihiting jiower. 

Eurther diffuulties have arisen owing to the 
inst ability of the base fuels and to differences in 
the stahility ot disiillates from the same stock 
of ^a^^ material, since '\\ H. Rogeis and V. 
Vooihees (Oil (;na ,). 1933, 32, No. 11, 13) have 
slum II that the relative effectiveness of iii- 
liihitors dc] lends to a certain extent on the 
iiiiiinl stability ol the liiel used. Thus it is not 
aurprisiiig that wjtlely ditlmcnt relative ctli- 
eieiieies have bei’u lojiorted, and that there is 
disagreement as to whether certain substaiices 
have any inhibiting effect. However, certain 
conclusions can be drawn as to the types of eora- 
pouiids that are most effective, and a number of 
generalisations liavo been brought to hght with 
regard lo the effects of the intioductjori of sub- 
stituent groups into different classes of organic 
compounds. The effect of substitution is im- 
portant not only because it indicates the direction 
m which iiiiprovcinent in inhibiting efficiency 
may be made, but also because it influences the 
solubility relatioiishijis of inhibitors with regard 
to motor fuels and water, which are irajiortant 
under practical conditions (see heUnv). 

There is general agreement that phenols and 
aminophcnols are by far the most effective 
classes of organic compounds. (Certain aromatic 
amines have high inhibiting efficiencies. On the 
other hand, aliphatic alcohols and aliphatic 
amines have little or no inhibiting effect. 

(i) PhenoU . — Data on phenolic compounds ore 
given in table 1 — A. It will be noted that 


phenol has only moderate inhibiting action under 
the conditions used. The inhibiting property 
of the hydroxyl group, however, is intensified 
by the introduction of alkyl groups into the 
ortho- or para-positions, whereas these have 
little or no effect w^hen introduced into the meta- 
position. Thus, the ortho- and pflrra-cresols are 
coiisiilerablv'^ more effective than phenol, w^hilst 
nicfa-cre.sol has only about- the same efficiency. 
Tw'o alkyl groiqis are considerably more effec- 
tive than a single group. Again they are most 
effective when they are in the ortho- and ))ara- 
positioiis to the hydroxyl group. This superiority 
of an ortho- or para-siihstituted compound over 
the metii-eompound has also been encountered 
in a number of other series. On the other hand, 
the substitution of the hydrogen in the hydroxyl 
group by an alkyl group, e.g. anisole and plp'iic- 
tole, raiisea entire loss of inhibiting projieriies. 

When additional hv'^droxyl groups are intro- 
diieed into a iihenol, the inhibiting actioh is 
inen'ased. As with alkyl radicals, a hydroxyl 
group in the ortho- or para-position is mbch 
mor(‘ eflectivi' than one in the ineta-positipn. 
(^atediol, for exaiujile. has jiow^eifiil iiilnbitipg 
properties, wlienvis resorcinol is only slightly 
more efteetivc tlian jilieiiol. Again, jiyrogalJol 
is one of the most iiowerful inhibitors known, 
whereas phloroglueiiiol, in which the hydroxyl 
groups aie in the incta-])OHition to one another, 
is far less effective. 

The ethers of poiv’phenols have no inhibiting 
effect, hut the presence of both an ether group 
and a hydroxyl group in tlie same molecule, r g. 
eiigonol and guaiaeol, confers moderate in- 
hihiting properties. 

Among hydroxynajililhaleiK'- ('onijioiinds, a- 
naphthol is vei^y effective, whilst the /3-rompound 
is much less so. This difl’erenee may be com- 
pared with the clleeta of ortho- and meta- 
substitution in the jihenols. 1 :5-Dihydrnxy- 
naphthalene is a jiowerfiil inhibitor. 

In geiioral the introduction of a nitro gioup 
into a phenol decreases nihdiiting effieieney, as 
illustrated by the fact that nitropheiiol is less 
eflertive than jiheiiol. Tlie introduction ol' a 
nitroBo group, however, increases the effect, 
p-iiit rosophenol being a highl^^ effective inhibitor. 

(ii) Aromes . — As a class, the aromatic amines 
arc not so cfl'ective as the phenols or aniino- 
pheiiols (table I — B). Aniline and the tolui- 
dines have only feeble inhibiting action. The 
diamines and secondary ammes, however, are 
considerably more powerful. a-Naphthylamine 
has moderate inhibiting properties, Imt the p- 
eompound is much less effective, a relationship 
similar to that exhibited by the iiaphthols. 

(iii) Aminophenols . — An amino group in any 
position in a compound containing a phenobc 
hydroxyl group increases inhibiting pow'er, the 
effect again being usually most marked when the 
amino-group is in the ortho- or para-position 
(table 1 — C). The replacement of one Df the 
ainino-hydrogens also results in a considerable 
increase in mhibitiiig effieieney, but when both 
hydrogens of the amino-group are replaced, as 
in p-benzalaminophcnol, the activity falls off 
considerably. This substitution in the amino 
group has also been used to increase the 
solubility of aminophcnols in motor fuels. 
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Table 1. — iNCKEAi^E in Tnultction Pkiiiod (Min.) Caused by Addition of 001% or 

Vahious Suhstances. 


Ecfprcnce. 


Test. 


Fuel. 


A — AltOlVUTIO Hydjulx Y-C oMroi NDs 
Monohydroxy- 

J*hoiiol 

o-CrcHol 

?»-(VpsoI 

7>-Cr<'sol 

'IVieiVHol (teeh.) 

Butylplionol (o- and /)-) .... 

/crMlntylphenol (o- and p-) . 
Biiivlerraol .... 

4- Hydroxy-l:>'l-diinctli\llK'ny,on(' 

5- Hydroxy- 1 rH-diinetliyllu’nzene 
5-nydroxy-l:.'}-dimet}i \ Ibenzcne 
4- Hydroxy- 1 .2-dunc*thylb('nzenr 
2 - H y d rox y - 1 ; 4 - d I rn f‘l-b y 1 be 1 1 ze n ( ■ 

rj-Benzyl])lien()l 

/j-BenzyJpli('noJ 
p-l’henyl])lienol .... 

p ryr/oHexvJpheiiol 
;i-MoMiyl-4-benzylplHMinJ . 
4-Methyl-2-ben7.> Ipbenol . 

TIivtitoI 

('anaerol 

2- Hydroxy dijjlu'iiyl 
;i-Hy<iroxy diphenyl 
p-Nitrosophonol 

Polyh ydro.ry- 

Cateehr)! .... 

ReHorciiiol 

Oreinol ... 

Hydroipnnone 

■l-BiityheHoreiiiol . 

4-HexylreBOiein()l ... 

4- Heplylresoreinol ... 

Tol uhydrorpnnonn 

Pyrogallol . . 

1’iiloroglui‘inol 

3- Mctliylcatechol 

Biitylcateohol ... ... 

Benzyleatechol (mixed iHoiiKus) . 
4:4'-i)ihydroxydipbenyl .... 

Mono- and di-hydroxycydic- 

a-Nai)hthol 

/9-Naphthol 

1:5-Dihydroxyiiapbtbaleiio . 

1 :4-T)ihydroxyanthraquinonc 
] ;5-Dihydroxyantbraquinone 
Nitroao-jS-napbtbol 

Wood tar phenols 


((^J. EKloff, J C. 

Morrell, C. H. 
Lowr> and (' G. 
Dryer ') 

U 0 V Jioiiif) 
te.m 

JViiiisxh a Ilia 
eraeked petiol 
(iiiduelioii period 
4.5 minutes). 


30 

00 

:io 

lO.I 

00 

lf)0 

Kb'S 

375 

375 

210 

210 


2 .».» 

135 

15 

00 


2,355 

105 

105 

40 

315 

315 

255 

25 

2,140 

45 


2,205 

2H5 

1,000 


90 


(T H lloRors and 
V' Voorliees 


Voorbees and 
Kisliiffor teat. 


(Yaeked petrol 
(iiidnetioii ])eriod 
viiTied and Ruen 
in liraeket.'i). 


3 (55) 

0 (55) 

0 (55) 


40 (230) 


05 (335) 

10 (230) 


000 ( 00 ) 


75 (55) 

170 (230) 


975 (00) 


500 (335) 


15 (55) 

120 (135) 


no (115) 


(W H.HolTert, 
G Glaxton and 
E. G Daneock®) 


VoorheeH and 
EiHinger test. 


Jleiizole 

(induction perioi 
0 iniiiutea). 


20 

100 


150 

20 


30 

30 


30 

no 


-..,20 
- .20 


2,050 


210 


0,800 

3,400 
3, (MM) 
1,550 
500 


710 

1,250 

-:20 

<r20 


2G0 


1 Ind Eur. (Uieiii 1W.'J2, 24, 1375 ; Proe World Petroleum I ’ongr 1033,2,50. 

* Ind’ Eng Ghem 1033,25, 520 ; Oil Gas .1 1933. 32, No. 11, 13 ; Proe World Petroleum Goiigr. 1933, 2, 63. 

■ Int.’Copf. Benzole, Producers, 1930. and unpubliahed resultH ^ ^ ^ 

• Results at 0 01% of added substanco calculated assuming linear relationship between induction period and 
concentration. 
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Tadlk T. — Increask jn Induction Period (Min.) Caused ry Addition of 0 01% of 
Various Substances — continued. 







(G. Eglofl, J C. 


(W. H. IToffert, 


.Morrell, (!. 1). 

(3'. H. Kdgers and 

Claxton ami 


LovTy and C. G. 

V. Voorlices *).• 

K (r llaiieork ®).* 


Dryer 




1 D P. Tlniub 

Voorhees and 

Vnoihccs am] 


test. 

Eisingi'i test. 

Ei.siiiKcr test. 


Peniisylvania 

('nicked petrol 


r’lio] 

cracked peticd 
(induction pernxl 

(iruliietiun lu riod 
varied ami uiven 

(imluetioii period 


1.5 minutes) 

in brackets). 

0 minutes) 

B- Aromatic Amines 




\tono-nv\iucH 




Aniline 

0 

2 (55) 


o-Toluifline ... 

ir> 




m-Toliiidme 

If) 



p-T()luidine .... 

JT) 



Xylidine 

0 


\ 

Diinethylaniliiio ... 

0 


1 

\ 

Ethyl -o-toluidino 

{) 



o-Nitro-iiiiihne . . 

0 



Diphenylainino ... 

(id 

20 (55) 

\ 

4-Amiri<)diplieiiyl 

0 

— 

' :20 

Volyam incH 




o-Plienyleiiediamiiie .... 

405 

— 


?/i*Pheiiy]enediaminc .... 

120 

50 (55) 



P'Phenyk'ne*dianuiio .... 

915 

385 (55) 

810 

?w-Toliiyleriediamine .... 

195 





p~Aminodiniethylaiiilin(' . 

590 



P'Aniiiiodk'thylauiluio ... 

330 


- 

p;/-i)ianiiiiodiphenyl<‘uiiiii(' 

900 



Benzidine 1 

1 150 

6 (55) 

_ . 

o-Tolidine .... . , j 

i 75 


1 

2.4-Piamiiiodiphenyla niinf' 

«35 



Dibutylbenzidine ... 


i;{5 (90) 

1 

p-Ainiiiodiphenylnniim* 

1 


2,250 

Najdtthylajnniffi 

1 



«-Naphtbylamine ... 

1 (>0 

n (55) 


j9-Na]dithylamine 

30 



Ethyl-a-iinpbtbylaiiiine ... 

120 

- 


Plieiiyl-a-na]ibthylamiiu’ . 

675 



J^henyl-)9-iia]dilbylaminc . 

150 

— 


C — Aminophenoi.s 




o-Aminophenol 

1,275 

450 (55) 



wuAminophenol 

285 

— 


p-Aniinophenol 

2,295 

430 (55) 



2:4-I)iammophenol 

— 

800 (90) 


2-Amino-6-hydroxytoliieiie 

1,740 

— 



2-AiDmo-4-nitrophenol .... 

1,215 

- 


p-Metbjdaminophenol .... . i 

— 

1,745 (55) 

— 

j)-Benzylaminof)benol (“ TI.A.i*.”) 

[ 

1,100 (120) 

2,800 

j)-Pheiiylaiiiiiio])lienol .... 


800 (120) 

— 

^-Benzalamiiiophenol .... 


200 (80) 


Cinnamal-p-niinnophciiol ... 


150 (80) 



1 -Hydrox5^-2:G-dimetbyl-4-aminobeiizene . 


— 

7,720 

p-Dibenzylaininoplienol (di “ .P.’ 



1,820 

4-Amiiio-4'-hydroxydipheiiyl . , 

1 


KHl 

4-Ainino-/3-na})hth()l ... 

1 

1 

350 (135) 

— 


^ Tnd. Eng. (’hern. 1932, 24, 1375 ; Proc. World Petroleum Conjfr. 1933, 2, 50. 

* Ind. Eng Chein. 1933, 26, 520 ; Oil Gas J, 1933, 32, No. 11, 13: Proc. World Petroleum Congr. 1933, 2, 63 

* Int. Conf. Benzole Producers, 1936, and unpublished results. 

* Results at 0-01 °o of added substance calculated assuming linear relationship bet^t^een induction period and 
concentration. 
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Table I. — Increase tn Induction Period (Min.) Caused by Addition of 0-01% of 
Vakiovs Substances — conlin md. 


Reference. 

(ii Egloff, J. C. 
Morrell, C. 1), 
Lowry and C. (J 
Dryer '). 

(1\ H. Roffcrfl and 
V. Voorliees ‘®).* 

(W. H. Hoffeit, 

CJ. Claxton and 

E. O. Hancock >).• 

TckI . 

b.o.l*. Bomb 
te^t. 

Voorhees and 

K1 singer t/Ost. 

ViHirhees and 

Ei singer test 

F(U‘l. 

PeiiikBvh uiiiii 
cracked petrol 
Cliuhiolion iH-rloil 
•ir» iiiiniites) 

Cracked petrol 
(iiiductioii period 
^ arled and given 
ill brackets). 

Benzole 

(induction period 

0 minutes). 

D-- -Miscellan Eoua Comtoun ds 





Anthracene 

0 

0 

(125) 

__ 

Phenanthreno 

(» 

0 

(126) 

- 

Urea . ... 

0 

2 

5 (00) 


Furfiiramiile .... 

— 

40 

(90) 


Aldol-a-naphthylamine . 

— 

40 

(55) 


Phenylliydra/ine 

195 

0 

(55) 


Benzalplienylliytlra/ine . 

5 

0 

(90) 


Cinnamalphcnylhydrazmc 

— 

MO 

(90) 


Ilydrazobenzene 

0 

>) 

(fif)) 


/ip'-Diaminohydrazubenzcne 


420 

(!Kt) 


p-Aminoazobcnzeiie ... . , 

j 

0 

(90) 

100 

Diazoaminobenzerie . . . , 

1 


— 

20 

p-Hydroxyazobeiizeiio ... 


0 

(90) 

— 

Thiourea ... 

10 

5 

(00) 

^20 

p-Thiocresol (0-05%) 

0 

0 

(90) 


o-Thiodiphenylamiii(* 

1,395 

J50 

(135) 

— 

Nicotine . 

0 

0 

(90) 

- 

Brucine 


0 

(00) 

- 

8- H ydroxyquinolnie 




120 

p-llydr()xypheriylmor})holine . 
Tributylamine . . 




1,240 

0 


- 

120 


^ liul ( 'lifin. ] 24, 1 .‘{"rt ; Pjoc. WoiUI retrolriini C'oiiixr I'JIVJ, 2, 5(K 

liid Knp (Mu'in 25, ; ()il(>us.T liKJ't, 32, No. 11, 19 ; J‘roc SVorld JNdrolemn (./onur. IWill), 2, 63. 

^ Jot Coni Hcii/oln I^rodnctTS, J 93(5, and iinpuMislu'd reHUlt-K. 

* llcsuJta at 0 01 oj add(>d aiiliataiico (‘ali’uJatcd aasumliiK liiifamdalloiisldu botwri'ii iiKliiction ppiiod and 
concentration. 


^-lienzylaminoplionol being one of the best 
iihibitors so far discovered. 

(iv) Compounds of Other Types . — Table I — D 
gives the results for a misccUancouB group of 
compounds, some of them of interest owing to 
patent claims for inliibiting properties. Aromatic 
nitro-compounds have only slight action. 
Chloro-compounds arc ineffective, but the intro- 
duction of a chlorine atom into an inhibitor 
molecule makes httle change in its effectiveness. 
l:2-Naphthaquinonc possesses inhibiting effect, 
but l:4-naphthaquinone and other quinones and 
ketones have little or no effect. Of a number of 
nitrogen compounds, mostly cyclic, studied by 
Egloff, only phenylhydrazine and 8-hydroxy- 
({uinoline had inhibiting properties. Of the sul- 
phur compounds thiodiphenylamine showed 
marked inhibiting power. The thiocresols, 
however, were ineffective. The alkaloids have 
been reported as antioxidants, but Rogers and 
Voorhees found that they had no effect. Of 
the hydrazines and hydrazobenzenes, only di- 
aminohydrazobenzene was effective. Certain 
dyes, e.g. indophenol, are quite effective (C. D. 
Lowry, G. Egloff, J. C. Morrell and C. G. Dryer, 
Ind. Eng. Chem. 1935, 27, 413 ; C. L. Gutzeit 


and Standard Oil Development Co., B.P. 385060 ; 
(’, Winning, L. E. Sargent and J, E. Dudley 
and Standard Oil Development Co., B.P. 
383611). 

Hydrocarbon Standard for Evaluating 
Inhibitors. — Since the publication of the data 
on relative inhibiting eihciericies, given above, 
a method of overcoming difficulties caused by 
changes in the base fuel has been proposed by 
(J. G. Dryer, C- D. Lowry, G. Egloff and J. C. 
Morrell (Ind. Eng. Chem. 1935, 27, 316), who 
have described a standardised method of rating 
the efficiencies in terms of c^riohexene, as a 
primary standard. The efficiency of an in- 
hibitor 18 expressed as a “ cyiAohexem number,'^ 
i.t. the number of minutes by which the induc- 
tion period of cyciohexene is increased by the 
addition of 0-002% of the inhibitor. It may be 
calculated from tests on reference petrols 
(secondary standards), the relationship of which 
to ci/c2ohexene has been determined by standardi- 
sation with a-naphthol. Inhibitors with a low 
solubility in the standard petrols may be dis- 
solved first in an organic solvent, e.g. benzene or 
hexane, that does not affect the induction 
period. 
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Correlation of Inhibiting Action and 
Oxidation-Reduction Potential. — C. 1). 
Lowry, G. Eglofl, J. C. Moirell and C. G. Dryer 
(ibid. 1933, 25, 804) have drawn attention to the 
faet that the “ critical oxidation potentials ” of 
inhibiting Hubstancf's can he correlated with 
their value as inhibitorH, ns determined by an 
accelerated oxidation test. The term “ ciitical 
oxidation potentiul ” introduced by L. F. Fieaer 
(J. Anier. (3iem. Soc 1930, 52, 5204), is the 
potential at which the rate of oxidation of the 
rediictant of an oxidation-reduction system 
becomes so smull as to be just detectable. 

1’he eorielation is shown in table TI for 
a number of aromatic hydroxy -compounds 
Hch'cted to cover a wide jiotential range and 
tested in e(juimolceular concentrations in a 
crucked petrol. Jt will be* noted that as the 

Tahlk JI. — Compounds Containing 
IIVDUOXV l. (JllOUl'S 

(9 00005 g.-iuol. })er 100 g. petrol.) 


Crituid 
nviilatioii 
potriiliMl 
(Vdll ‘^) ’ 


itulurliori 
period 
(mi mite) 


I'emisNlMimu (rucked 


I^MMollIK* mIdIII' . 


4 5 

)cNi(,nii)lii‘iH(l 

1 i:5:i 

45 

c-Nifiopli( no! 

1 m 

60 

r/(-Nltr(iplu‘ii()l 

1 147 

60 

1'Ju‘iicl 

1 OKU 

60 

W(-I2icsril 

I'OHU 

90 

o-(Tcm)1 

1 040 

1120 

y>-l'rcs(»l . 

1 o:jh 

165 

l2-lly(iroxy-J 4-(liiii(‘tliyl- 

l)(‘Ti7.(*ne 

1038 (('ulc ) 


4-Hy(iroxy-l:2-(JlmeLhyl- 
br 11 zone* .... 

1 036 (Calr ) 

1 50 

J>-tlydroxydlplicn.\ 1 

1 •036 

J ,50 

ff-J<iiphth(>l 

1 017 


2-llydioxy-l-3-iliiu(’th>l- 

b(*iizrne 

0 895 (Calc ) 


4-llydifixy-l S-diiiictlii 1- 

lU'IlZClK*. 

0 89.5 


ridoroKhiciiiol 

0 799 



0 707 

1,920 


0 7412 

J ,800 

I ri-Dihydioxyiuiplithii- 
Iciic 

0 673 

1,380 

1 3.5 

11> (IriKiiiiiioiic 

J’yroKiiilol 

0-631 

0 600 

1,410 


^ Data fiom Fjchit (J Aiiier. Chciii. Soc, luyil, 52, 
51204) exci'pt calculated values. 

Jiotential decreases, the induction period leng- 
tlieiiH, shows a sliarji peak between 0-800 and 
()’700 volt, and drojis slightly at still lower 
potentials. The variations in induction jieriod 
with changes in structure, to which attention 
has already been drawn, are paralleled b)’' similar 
relationships between oxidation potential and 
stnictiire. Thus the superiority in inhibiting 
effect of ortho- or para-substituted eoinpouiids 
over their meta-isoiners — shown by eateehol 
over resoreinol or in the cresols and xyleiiols — 
is aceompanied by corresponding diflerenees in 
oxidation potentials. {Similarly, the sujieriority 
of a- over j8-naphthol is related to the lower 
potential of the former compound. 

It will be noted that two of the compounds, 
phlorogluoinol and hydroquinono, have shorter 
induction periods than would be expected from 


their oxidation potentials. The w'eak inhibiting 
action of the former compound is possibly due 
to its existence in the kctonic form (C. Moureu 
and 0. Dufraisse, Compt. rend. 1922, 174, 268), 
whilst attention has already bc'cn drawn to the 
anomalous behaviour of hydroquinone in ac- 
celerated oxidation tests, this compound being a 
highly effective inhibitor at normal temperatures. 

A similar relation between inhibiting action 
and critical oxidation potential was found with 
the amines. However, this relationship repre- 
sents a general trend, rather than an absolute 
mdex of inhibiting value. 

.Colour Stability. — Certain inhibitors, as 
aheady mentioned, give rise to colour formation 
in motor fuels, particularly when exposed to 
light. This colour formation, which usually 
increases with the concentration of the inhibitor, 
JH probably due to “ parasitic ” reactions 
whereby the inhibitor is gradually destroyed 
during the induction jieriod. It has been fib^und 
that certain Hiibstanccs termed “ secondary 
stabihscrs ” exert- a jirotcctive or colffiur- 
slubiliHiiig action on gum-inhibitors. The nli- 
jihatic amines, particularly tlu'- butyl- and auiwl- 
amini's appear to be tin* most (dl(*clive (L. 



Sorg, Ind. Kng. Cliem. 1935, 27, 150), and have 
been used lor preventing tulour lormation in 
certain tyjics ol cracked petrol stabilised with 
Q-naphthol or “ Ji.A.P.'" (II. M. Stciningcr, ibuL 
1934, 26, 1039). The optimum amount varies 
Irom 0-002 to 0-004% by wt. regardless of the 
original colour oi the petrol, larger tpiantities 
giving no additional imjirovement. The effect 
of substituent gioups on the amines as colour 
stabilisers is shown in fig. 5. 

According to J. B. Rather and L. C. Beard 
(Oil Gas J. 1936, 34, No. 52, 209) the following 
inhibitors have been used for preserving the 
colour of cracked 'distillates and kerosenes : 
thiocarbanilide, hydroquinone, resorcinol, cate- 
chol, pyrogallol, pldoroglucinol, l:2:4-trihydr- 
oxybenzeiie, hutylpyrogallol, alkyl-substituted 
polyhydroxybenzencs, ethanolamiiies, urea and 
thiourea. Many of these compounds possess the 
additional property of decolorising cracked 
petrols and kerosenes that have gone off colour 
on storage. The usual procedure is to agitate 
the off-colour oil with a solution of the reagent 
in alcohol at the rate of 1 lb. of reagent to 
2,000-16,000 gallons of oil, according to the 
initial colour. 

Requirements for Gum- Inhibitors. — The 
various properties that have been stated to 
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govern the suitability or otherwise of a sub- 
stance as a gum-inhibitor for motor fuels may 
be summarised as follows (P. G. Somerville ainl 
W. H. HolToifc. B.R 289:147, 1026; W. H. 
Holfert and G. CJaxton, Proc. World Petroleum 
Congr. 1933, 2, 69 ; T. H. Rogers and V. 
Voorhocs, Ind. Kng. Chem. 1933, 25, 520; Oil 
Gas J. 1933, 32, No. 11, 13; C. G. Dryer, J. C. 
Morrell and G. Egloff, ibid. 1937, 35, No. 45, 
113, 116): 

(1) It should possess a high efficiency for per- 

forming its primarj' purpose — the stabili- 
sation of the fuel. 

(2) It should be soluble in the fuel at atmo- 

spheric temperatures to an appreciably 
greater extent than that required for 
effective stabilisation, 

(3) The quantity required, or its volatility, 

must be such that little or no residue is 
left when the iued is evaxjorated. 

(4) It should be more soluble in the fuel than 

in watei , so that it is not removed by any 
vvatei the liiel may tome mfo c out act 
with during storage and distrilmtion. 

(5) It should not of itself cause diseoloration 

of the luel and shoiihl inhibif. diseoloia- 
tjon in both light and dark storage. 

(0) It must not affect adversely the normal 
eombustion ol the fuel or leatl to ob- 
noxious eombustioii piodmls. 

(7) It should not cause the luel to have any 

corrosive ])roperties. 

(8) It should not be unduly volatile nor 

possess any offensive odour, and should 
not be detrimental to the health of 
operators and workmen handling it. 

(9) ]t must bo available iii adeciualo com- 

mercial quantities at a reasonable coat. 

Owing to the fact that motor fuels are often 
stored in contact with water, the solubility of 
inhibitors in water is an important factor. The 
differenees in the ease with which certain in- 
hibitors arc removed by water is shown in 
table 111, which gives the decrease in the in- 
duction period caused by shaking benzole 
containing 0 01% by wd. of various inhibitors 
with water (W. H. llolTeili, G. Claxtoii and E. C. 
llaneoek, unpuhlmhcd Ktpi. lilt. Coni. Benzole 
Producers, 1936). 

Taei.e 111. 


Tiidiicti(jii iierlort, 
iniuuteH pci UUl% of 
iiiliibilor 


Inhibitor, 


N-llenzyl-ii-ainhio|)heiiol . 

t'atechul 

N-Dibeiizyl-jo-amiiiopheiiol 
1 ■ 5-Rihy droxy iiaph lha Itii i o 
ji-Hydroxypheiiylmorph- 

ollne 

a-Naphthol 

Wood- tor distillate . 

1 - Hydroxy - 2'C - dimetiiyl- 

henzeiie 

o-Cresol 


Before 

After 

washing 

WUSllIIlg 

witli 

with i vol 

AVatfT. 

w'ater. 

2,H(JU 

2,000 

2,oriO 

00 

1,820 

1,500 

1,250 

520 

1 ,240 

210 

7:io 

730 

2G0 

150 

150 

150 

100 

90 


Owing to these stringent requirements, only a 
relatively few' compounds have been used 
conimercially. 

For cracked petrols, eateeliol was one of the 
fiist to bo tried, but. was found to be too easily 
removed bj^ w^ater. a-Naphthol was more satis - 
factory in this respect, but tended to cause 
discoloration. Both these inhibitors were re- 
placed by mono- and p-dibeiizylaminopheiiol 
(Antioxidants Ltd. and Standard Oil Co. 
(Indiana), B.P. 350438) and certain wood-tar 
acids (Universal Oil Products Co., C. D. Lowry 
and C. G. Dryer, B.P. 410116; see aUo U.O.P. 
Booklet No. 224, 1938). ifloPropylinoiiomethyl-, 
monobiityl- and inono-iNobutyl-derivatives of 
p-aminophenol have also been used recently 
(Kodak, Ltd., B.P. 603316, 603401). For 
benzoles and coal spirits, cresol (P. G. Somerville 
and W. H. Hoffert, B.P. 289347) has been used 
in Great Britain, as well as both eresol and 
catechol, whilst ^i-henzylammupheiiol has been 
used m the U.S.A. 

The following particular, s with regard to 
p-beii/ylauiino]»heiiol (“ one iff the 

liest inliihilors so far dcvehqierl, are ol interest. 
It i.y produced eomniercially as an mlouiless, 
liglit-brow II puwticr, mellmg between 84^ and 
UO^'C. The quaiilitii'H nonmilly required for 
stabilising imff-or luels vary lioni 0’(KK)5 to 
0 005%. It i.s iff high piirity and less than 20% 
is insoluble iii petiol or benzole. At 25'^'C. its 
.solubility ill anhvilroiis nufflianol is about 00%, 
and m 96% ethyl alcoliol about 66%. It is 
soluble in w ater to about 0 06% at 25^(1, whilst 
its solubility in petrols at tliis tcipperature varies 
Irom 01 to 0-5%, depemling upon the nature of 
the petrol. It has a higher solubility in aromatie- 
type spirits and dissolves in motor henzolo at 
25%:. to the extent of about 1-35%. Hence its 
distiibulioii coefficient hctwceii motor fuels and 
w'ater rangers from 1 -7 to 22-5. Provided it is not 
used in ex( es.sive quantity, it does not discolour 
motor fuels in th(‘ absence of alkali, and generally 
improves their colour stability. 

The comparative effeetivene.ss of “ B.A.py 
and a wood-tar distillate are illustrated by the 
following results (table IV), (V. Voorhecs, Proe. 
World Petroleum Congr. 1933, 2, 63). 

Table IV. 


Furl 

liidiictioii 
gcriod 
(iiiimiti s). 

Itatio of 
anioijiits of 
liililbitur 
reuuired to 
give 400 
mjjiiitos 
Iniiiictiuii 
JKTUld. 

Low StabiUty Pftrol 



TIiLstablliHcd .... 

115 

I 

“ 0 001% . . . 

285 


“P.l.P” 00025%. . . 

COO 

> 21 1 

Wood- tar distlliate 0 0025% 

120 

I 

001% 

225 


„ „ 0 05% 

000 

) 

Moderate Stahility Petrol 



TJnstabilised .... 

275 

I 

■•P.A.P." 0 001% . . . 

020 

> 10:1 

„ 00025% . . 

930 

i 

Wood-tar distillate 0 005% 

450 
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Influences of Material of Containing 
Vessel and Suppression of Metal Cata- 
lysts. — ^Metals and metallic cotnpoiinclH have 
long been rocogniHcd an oxidation catalyHts In 
paints and varnishcH, fV)r example, oxides and 
soaps t)f met-als, particularly those possessing 
multiple valen(“e stat^^s, are used as driers 
(W. M. MacKay and JI. Ingle, J.S.C.l. I9Hi, 
85, 4r)4; 1917, 36, 317; see also Duyjnc Oils, 
Vol. TV, p 91/>). The aiitoxidatioii by metallic 
catalysts ot unsaturated hydrocui bons (U. | 
Willstaitcr and K Srinncnfeld, Ber. 19111, 46, ' 
29r>2 ; U. fVi(‘g(!e, Annalen, lOIlt), 481, 263), 
of petroUujin hydroc arhons (0. K. Wagner and 
J. Hyman, J. Amer. C!hcm. 8oc;. 1930, 52, 4345; 
1931, 53, 3019) and of idienols (W. Treibs, 
Brennstoir-(3ieni. 1933, 14, HI) has also been 
studied. Hence some efleit of the inateiial of 
the containing vessel on gum lorniation is to be 
expected. 

W. H. Iloffert and O. dlaxton (Hepts. Re- 
search Oornmitlec, Nat. Reiizc»h‘ Assoc. 1927, 
p. 128; 1928, p. (i3; 1929, ]>. 58) ha\c nho^vii 
that, compared with glass, l oppt r (‘ontainers 
reduce the (|uantity ol ^<11111 forimsl fiom 
benzoles when jihenols arc abscnl (lig (»)• 
but increase gum iornialion in tlu ir pre.sinee 
Iron and tin also ajipcared to reduce gum 
lorniation in the absmicr* of inhibilors. Similar 
results were obtained when tlieso metals wxro 
mtrodueed into the flask in the N. II. A.' oxidation 
lest, or when gumming was promoted by the 
aetion of ultra-violet light, E. W. J. Mardles 
and A. Moss (.1, Inst. Retroleum Tech. 1029, 15, 
657) have contirnied that eojiper and other 
inotalB can liavo an inhibiting etfect on gum 
formation from eraeked jietruis dining in- 
eiibatioii tests at 35"C'. Organo-metallie eoni- 
])ouiids have also been patentcil as inhibitors 
lor preventing the oxidation of lubiieatmg and 
transformer oils (H. L. Callcndar, R. O King 
and K. W. J. Mardles, B.l\ 295230, 1927; 
W. Helmoie and E. VV. J. Mardles, R l\ 3118222, 
1932; E. A. Evans and ('. C. Wakelield, R.l*. 

^ National Benzoic AHSoclation. 


267174, 1925). These results indicate that the 
effect of metals on the gumming of motor fuels 
depends on whether certain constituents other 
than hydrocarbons arc present. Metals have a 
deleterious effect on inhibited motor fuels, 
eaiismg a decrease in induction period both on 
storage and during potential gum testa. The 



decrease ol iiiduetion period of inhibited bciiizoles 
caused by introducing strips of various metals 
(0-5 sq. in.) into the bask in the Voorhees and 
Eisiiiger potential gum test is shown m table V 
(W. H. Iloffert, (1. Claxtoii and E. (I. Hancock, 
unpublirshed Kept. lut. C’onf. Benzole Brodueers, 
1936). 

(’o])])er and rusty steel eoii.sidorably reduced 
the length of tlic' induction period with most of 


Tmile V 


liiductioi) pi rmiJ (luinutc jilt U LH'’,,) 


luliibiloi. 


Pyrogallol .... 
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the inhibitors. Zinc, tin and aluminium had 
only a minor elToct. In general, monohydric 
phenols were less affected than jinlj^hydric 
phenols and aminos. The effect of rust is im- 
])ortant, because most inhibited motor fuels are 
stored in mild steel or ivmiight-iron vessels 
Hydrated ferric hydroxide appeared to be the 
reactive component. In the teals v'lth copper 
and steel, copper and iron could be detected in 
solution in the benzole at the end oi the induc- 
tion peiiod. The metal probably ri'acts with 
th(‘ inhibitor, thus reducing the (luantity avail- 
able. Similar leaiilts were obtained when 
samples of inhibited benzoles were incubated 
at 3r/C. in containers ol different metals and 
the time to lorin 10 mg. of gum per 100 ml. of 
benzoli' was determined. 

These i(‘sls, earru'd out under miieh more, 
dra.stie conditions than normal, indicate the 
diri'ctjori in A\])ieh the \arious metals, etc., 
affect inlnhitcd motor liicls, lather than the 
extent, since ('Xperienee has shown that under 
normal storage coiiditioUiS —lower temjieraturcK 
and larger ratio of volume to siirfaei' area — the 
etlect of the mateii.d of the containing vessel 
is much loss than indicated by laboratory-scalo 
texsts. 

It has been claimed that certain compounds 
are capable* of suppressing the effect of metal 
catalysts. According to Hanseatiscbc Mublen- 
worke A.-G. (P».V. 40913511, 1932) phospbatides 
of aniimd or vegc'table origin, e g. lecithin, 
stabilise petrols in the presence of cobalt oleate, 
which normally acts as an accclciator. Petrols 
which have been treated with rojiper salts ior 
removal of iruTeaplans arc liahlc to contain 
traces of eopjiei, the catalyl-ie effect ol -which is 
not eounteraetc'd by some ol the usual inlnbitors. 
According to F. B. Itowning, \i. C. (Markson and 
C. J. Pederson (Oil (Jas ,1. 1939, 38, No. 11, 97) 
the catalytic effect of the copper can be counter- 
acted by the addition of certain organie com- 
pounds (metal deaetivators), e g. disaheylidene- 
ethylenediainine, which are effective in con- 
centrations as low as 5 parts per million. 

The gieater difficulty experienced in applying 
inhibitors successfully to blended motor-fuels 
containing alcohols, such as are used in many 
continental countries (K. Weller, Oel ii. Kohle, 
19.34, 2, C27 ; Benzol-Verband, ibid. 1937, 13, 
935) is admittedly due to the greater tendency 
of Biieh blends to become contaminated with 
metallic catalysts (W. H. lloffcrt and G. Claxton, 
l4n.e. (bngr. Chirn. incl. Paris, 1934). 

Preliminary Treatment of the Fuel. — 
Although the direct addition of gum -inhibitors 
to some freshly-produced crude luels stabilises 
them effectively, some mild iireliminary treat- 
ment is usually necessary in order to obtain the 
best results. Moreover, treatment may be 
required for removing sulphur compounds, 
coloured and colour-forming, or malodorous 
constituents, etc. 

Many crude fuels already contain phenolic 
and other compounds with inhibiting properties 
(W. H. Hoffert and G. Claxton, J.S.CM. 1933, 
52, 26T ; E. Vcllinger and G. Radnlesoo, Compt. 
rend. 1933, 197, 417; Ann. Off. nat. Comb. liq. 
1934, 9, 499 ; F. Sager, J. Inst, Petroleum Tech. 
1934, 20, 1044 ; E. Field, F. H. Dempster and 

VoL. VT.— 31 


G. E. Tilson, Ind. Eng. Chem. 1940, 32, 489). 
These so-called “ natural inhibitors,” however, 
are usiiall}’- far less effective than commercial 
inhibitors, and moreover, they may be present 
in excessive quantities and possess other dis- 
advaiitagcH indicated above. Accelerating im- 
purities, which are often present, are definitely 
objei-tionable. since the direct addition of 
inhibitors to such tiiels may produce little effect 
or even increase gum formation. An example 
ol the effect of aeeeloratiiig impurities is given 
in lig. 7, showing the se[)arate effi^ets of iii- 
ereasing eoneentrations of eresol or tliiophenol in 
a crude biuizole as well as the effect of adding 
increasing amoiiiits of eresol to the benzole 
when it alrc-adv eontaiiied a definite* amount of 
thiojihenol ((r(H.5%) (W. 11. Hollerl and 

G. Claxton, Pn»r*. Worhl Petroleum tkuigr. 
1933, 2, fi9 ; ,src also C. I). Lowry, (!, (J Dryi'i, 
(I. Wirth ami K. 1C. Sutherlaiul, Ind, Eng. (3iein. 
1938, 30, 1275). lienee both mhibitmg and 
accelerating imjiurities slioiild be removed from 



Fra. 7. 


the fuel as completely as possible during the 
preliminary treatment. 

(i) Cracked J\trol8 . — The f« blowing methods 
of treatment before addition of inlnbilor are used 
((k D. Lowry, (’. G. Dryer, ,1. C. Morrell and 
G. Egloff, Oil Gas 3. 1934, 33, No. 12, H ; W. B. 
Ross and L. M. Henderson, ibid. 1939, 37, No. 
45, 107; W. W. Seheuniann, ibtd. J{)39, 38, 
No. 25, 41): 

(1) Production of cracked petrol directly 

from cracking unit, and sweetening, i.e. 
removal of mereaptans. 

(2) Light acid-treatment of raw stock followed 

by redistilling and sw^eetening. 

(3) Splitting raw stock into a light and a heavy 

fraction, acid treating and redistilling 
the heavy fraction and sweetening tlic 
combined redistilled heavy and light 
fractions. 

(4) Clay- treating the raw stock to polymerise 

only the most unstable constituents and 
sweetening (M. R. Mandolbaum, Proc. 
World Petroleum Congr. 1933, 2, 21). 

When a preliminary vapour-phase clay treat- 
ment is given, it is possible to run the clay much 
longer, giving a greatly increased yield. The 
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clay treatment removcB colour, and polymeri- 
sation and removal of certain of the more active 
gum-forming conHtjtucnts usually reduce con- 
siderably the quantity of inhibitor required 
(N. M. Steininger, Ind. Eng. Chem. 1934. 26, 
1039). 

(ii) Benzoles and Coal Spirits. — For these types 
of spirit, the preliminary treatment may consist 
of one of the following (W. H. Hoffert and G. 
Claxton, J.S.CI. 1933, 62, 25T; Proe. World 
Petroleum Congr. 1933, 2, 69) : 

(1) Treatment with (a) eHUstic soda for re- 

moval of jihenols and {h) dilute sulphuric 
acid (10“lf>%) for removal of pyridine 
bases, etc., and redistilling. 

(2) Treatment with 75-80% acid, for removal 

of colour and colour-forming compounds, 
and redistilling. 

(3) Treatment with fuller’s earth, clay or other 

adsorbent (V. Voorhees, Oil Gas J. 1935, 
84. No. 30, 36). 

When the sulphur content of the crude 
material is high, additional treatment for the 
removal of sulphur may be required. Carbon 
disulphide can be removed with negligible loss 
by (1) fractionation (Barbct column), (2) chemi- 
cal processes {e.g. methanol-soda or ammonium 
polysulpbido processes). When high amounts 
of thiophen, sulphides or disiiljihidcs are present, 
treatmi'ut with stronger acid may be necessary. 

Effect of Peroxide Formation on In- 
hibitors. — Exyicricneo has shown that for 
maximum efroctiveness, an inhibitor should be 
added to a fuel as soon after its preliminary 
treatment and redistillation as possible. If an 
unstable fuel is exposed to air without the 
addition of inhibitor, an inhibitor subsequently 
added is less effective. Some unstable fuels 
deert'ase in their response to inhibitors in a few 
days or oven hours. 

The first indication of the deterioi ation of a 
motor fuel is the formation of peroxides, their 
concentration having a direct relationship to the 
effectiveness of an inhibitor (J. A. C. Vide and 
C. P. Wilson, Ind. Eng. Chem. 1931, 23, 1254). 
The deleterious effects of jieroxides can be offset 
to some extent by increasing tlie amount of 
inhibitor. It is also pos.sible to remove peroxides 
from some fuels and thus improve their “ in- 
hibitor response ” ((^ G. Dryer, C. D. Lowry, 
J. C. Morrell and G. Egloff, ibid. 1934, 26, 885). 
If the fuel is kept longer, how cn er, intermediate 
polymerised products or even gum may be 
actually formed, and it becomes iinpo.ssible to 
stabilise the fuel effectively. 

Precautions and Methods of Adding Gum- 
Inhibitors (Du Pont Tech. Bull. No. 4, 1934). — 
Gum -inhibitors arc of three physical types ; 
(a) liquids, which are readdy miscible with 
motor spirits ; (h) solids, w hich may be in the 
form of powder or granules ; and (c ) solutions 
of solids in inexpensive solvents, such as 
anhydrous methanol, rresylic acid, etc. 

In view of the small quantity of inhibitor 
required (0-001— 0-05%), care must lie taken to 
obtain thorough solution and uniform distri- 
bution throughout the fuel. 

In general, ftnd regardless of whether the 
quantity of fuel to be treated is largo or small, 


experience has shown that the most satisfactory 
results are obtained by batch addition, that is 
adding a definite quantity of inhibitor to a given 
quantity of fuel followed by agitation or circu- 
lation of the contents of the storage tank. This 
is true whether or not the method of adding the 
inhibitor is of a ])roportioning type {see below). 

Liquids . — Any system that is suitable for 
blending miscible liquids may be used. For 
example, the inhibitor may be added directly 
to the fuel in a storage tank, and the contents 
are then agitaU'd or circulated by pumping out 
at the bottom and into the top or into a second 
tank. Alternatively, the bquid inhibitor may 
be run from a stock tank by means of a propor- 
tioning pumj) or other device into a stream of the 
fuel immediately after distillation, as it is 
dcjlivered to a storage tank. 

Sohds . — For small batches of fuel, the i solid 
inhibitor may be introduced diiccily into the 
storage tank of freshly-prciiared fuel. Small 
portions of the total quantity required arc added 
at a time, and the contents of the tank\ are 
thoroughly agitatecl hy circulation or other 
moans between each such addition. For larger 
batches, the inhibitor can be added on the suc- 
tion side of the circulating pump, either in the 
form of u slurry with the fuel, or by means of a 
suitable mechanical feeding device, to a stream 
of fuel as it is jnmqicd to storage, For these 
methods, the quantity of solid added should he 
well bclow' the maximum that wdll dissolve in the 
fuel. In the second method, the pipe line to tlie 
stoiago tank should be sufficiently Jong to pro- 
vide an op])ortunity for the inhibitor to dissolve 
in the fuel before reaching the storage tank. It 
is desirable to avoid solid inliibitor being carried 
into the tank, as it is didicult to agitate the con- 
tents sufficiently to pick it up again from the 
bottom. 

The best method of dissolving the solid in- 
hibitor in a fuel, when production is large enough 
to permit of more or less continuous operation, 
18 to by-pass a stream of the fuel from a cir- 
culating pump upwards through a small lank 
eontaiiiing the inhibitor and recirculating the 
fuel until all the inhibitor is in solution. A suit- 
able apparatus is showm in fig. 8. 

Solutions of Solids in Liquids . — These may be 
treated as already described for miscible liquids. 
Greater cUfliculty may be experienced, how'ever, 
when using solutions owing to the fact that they 
contain materials that are sparingly soluble in 
the fuel. When such solutions are introduced 
into the fuel, precipitation of the inhibitor may 
occur initially, followed by re-solution in the 
fuel, and it is essential therefore that the solu- 
tion be added uniformly and accompanied by 
rapid agitation. The best method is to inject 
the solution into the main fuel stream at a high 
pressure by means of a proportioning device 
wdth a small orifice. 

The only other precaution necessary is to 
avoid leaving any residual alkali in the fuel to 
which the inhibitor is to be added, because, 
particularly with phenolic and aminophenolic 
inhibitors, it is apt to promote discoloration. 
This is probably duo to the fact that the alkali 
catal^’^ses the oxidation of the inhibitor, with the 
production of coloured secondary oxidation 
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products. Hence before adding inhibitors, all latter may be sufficiently alkaline to cause dia- 
traces of alkali should be removed from the fuel coloration. In such oases it has been found 
by thorough washing with water or dilute acid, beneficial to add to the water about by wt. 
Similarly, when fuels are stored over ^^ate^, the of sodium bisulphite or aluminium sulphate. 



Patents. — The following incoruyih'lo list of 
British patents, relating to the use ol inhibitors 
for stabilising motor spirits against gum and 
colour formation, is indicative of the wuh' 
variety of compounds that have beim protected. 
h"or a survey of the U.S. patent literature up to 
February, 1937, sec J. H. Byers (Nat. f'etroleiim 
News, 1937, 29, No. 11, 157 ; No. 15, 58). I to 


the end ol 19HH, ai)out 150 imtents relating to 
gum and colon r stabilisers tor cracked jietrols, 
benzoles, etc., had been issued in the U.S. A. Very 
lew of the substances eJanued, liowever, have 
b(‘cn used commercially, and many of them 
appci r to have little effect on the usual types 
ol fi ‘Is and under ordinary conditions of 
storage*. 


Patent 

!No. 

Bate. 

Pat cut re 

InhiltUoi covrred- 

289347 

27.10.26 

1*. G. Somerville and W. H. llof- 
lert. 

Phenols and aromatic a mines. 

312774 

30.4.28 

Standard Oil Co. 

Phenol, aromatic amino, uroa or 
alkaloid. 

318521 

4.9.28 

W. K. Lewis o^L^-i'dard Oil De- 
velopment Co.). 

Aromatic amines, phenols and 
lilt ro-compounds, e.g. pyro- 
gallol. 

319362-3 

21.9.28 

H. G. M. Fischer and C. E. Gustaf- 
son (Standard Oil Development 
Co,). 

a-Naphthol, a-naphihylamine, etc. 

350438 

5.3.30 

Standard Oil Co. 

Substituted aininophcnol, e.g. 
7 J-bcnzylaminophenol. 

364533 

28.7.30 

J. Hyman and G. W. Ayers. 

Catechol and NHj or organic sub- 
stituted ammonia. 

383511 

24.4.31 

C. Willing, L. E. Sargent and J. F. 
Dudley (Standard Oil Develop- 
ment Co.). 

Inhibitor and a coloured inhibitor, 
e.g. Indoiihenol Blue. 

385066 

21.11.30 

C. L. Gutzeit (Standard Oil De- 
velopment Co.). 

Dyes such aa indophenols, oxa- 
zines, etc. 

388826 

1 

9.6.31 

W. S. Calrott and H. W. Walker 
(E. I. Du Pont do Nemours and 
Co.). 

flec-Arylamiiie, e.g. NHPhj. 

394511 

26.10.31 

E. Ayres (Gulf Refining Co.). 

Oxidation product of a-naphthol. 

398219 

7.3.32 

F. B. Downing and H. W. Walker 
(E. I. Du Pont do Nemours and 
Co.). 

Amine salts of phenols. 
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I’Htcnt 

No. 

iJato. 

Patentee. 

Tnliihltor covered. 

399733 

29 10.31 

E. Ayres (Gulf Refining (’(► ). 

Meri - 1 n on o - o .v y n aph th alene . 

404033 

H 7.32 

W. Calcott and H. W. Walker 

(E. I. Dll Pont dc Nemours and 
Co.). 

A H. Ste\ens (IVxaco I)e\do])- 
inent ('orfui.). 

NN^ - diarylguanidine salt of a 
higher fatty acid. 

409195 

18.7 33 

C -alkylated polyhydric phenols. 

409958 

8.9.31 

1']. Ayres (Gull liefining Co.). 

Mixed inhihitors, c.g. a-najihthol 
and NHPhg. 

408329 

29.8 32 

\\ 11 Thole and W. 11. Thomas 
(Anglo Pei Sian Oil Co., Ltil.). 

Polyhydric phenol dissolved in 
crcsol. 

109353 

28.10 31 

Ilanseatische Muhleiiwcrlte A.-G. 

Animal or vegetable phosphatides. 

110115 

fl8 12 31) 

(J. 1). Lowry and C. G. Dryer (Uni- 

Hardwood tar. 

t 11.3 32/ 

MTsal Oil Products Co ). 


II7(i5:{ 

30 3.33 

K ^V. il. Mardlcs and W. ll(4moie. 

Ainiiio-comjunimis, v.g. urethanes, 
glycine with or without a 
phi'nol. i 

420371 

29 5 32 

.1. W. Oi’ehip. 

Din.a])hthylcne oxide or pcAlcno. 

423938 

10.8.33 

E. W'. .1. Mardlcs and W. Helniore. 

J>crivalivcH ol hydrazines or 
amines. ^ 

424582 

24.8.32 

I'i. 1 Dll Pont, dc Ncnioiiis and Co. 

yi-l lydrovy i)h(‘nyI.iminoacetd- 
nitnle ainl homologues. 

430335 

7.12.32 

Wingfoot Curjiii. 

jj-Mi4/hyhimjno-7/-ammodiplu\nyl 
(4 her, etc*. 

432121 

20 1.33 

E 1. Du Pont dr Nemours anil (\>. 

Dih\ drovyn.iphthalenes, e.g. 
J:r,-C,„H„(OH)„. 

444029 

24 1.31 

E. V. Ihrcslavslvv. 

1*1 lie oil treated with pyrogallol. 

.CH.,-CH2x 

444585 

21.9 33 

10. 1. Du Mont de Ncnionrs and Co, 

HO— R— N O, 

XCHg— 

R ajyle.ne ini clous. 

144891 

29.9.34 

Univi'isal Oil Prodiiet.s (ki. 

Lignite tar frac tion. 

459722 

12.7 35 

Univcr.sal Oil Products (Ni. 

Alkali-.sohihlc‘ fraction from tar, 
[ind'eiably L. T. tar. 

459923 

18.7.35 

Universal Oil Ih-odiiets Co. 

rnliihitioii of one fV.'ietion of fuel 
only. 

492593 

8 8 31 

1'’ 1 Du Mont de Nemniirs and Co. 

']>‘( '//r/f>he\ylainiiio])heiic)l. 

497059 

9.9.35 

1 5.2.39 1 
7.10 39 J 

Wniglool ('orpn. 

.VC r-Naphl.hylaminc‘, r.g. phenyl- 
or tulyl-fi- or ^-naplithylainine, 
at li'ust ]);irtly h> drugeriated. 

470072 

1 ( }. E.irheninil. A.-(L 

Org. N i ()in]KJund and a phenol. 

477745 

25.1.39 

N. y. Nieiiwe Octiooi Mij. 

Inlnhitor after doctor treatment, 
alkali being removed by 
NaHSOg or AlgfSOJg. 

501844 

17.8 39 

Kodak, Lid. 

80-85% N -alkyl-yi-aminoplienol 
and 20-15% N.N'-dialkyl-p- 
jihenyliuiecliaminc. 

503319 

3.1.37 

Kodak, Ltd. 

( loinpouiids of type 

RCHgNHR'OH, 

where R alkyl and R'- phenyl- 
cne with or without substi- 
tueiits. 

503401 

17.8.39 

Kodak, Ltd. 

Products from polyhydric phenols 
containing at least two OH 
groups in o- or ^J-positions, and 
primary or fifir-alkyl-primary 
amine containing at least 4 C 
atoms. 


Bibliography. — A. W. NuhU ati<l 1). A. Howeti, 
“ The Principles of Motor Pud Prcjiaration and 
Application,” 1935, Vol. II, p. 193 (Chap. XI 11) : 
The Formation, Estimation and Significance of 
Gum in Motor Fuels; ” The Science of Petro- 


leum,” 1938, Vol. IV, p. 3033. Article by E. W. J. 
Mardlcs on Oxidants and Antioxidants in the 
Petroleum Industry; K. C. Bailey, “Retarda- 
tion of Chemical Reactions,” 1937 (Chap. XIV). 

W. H. H. 
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INITIATORY EXPLOSIVES (r.VoI.lV, 
535a). 

INK. The word “ ink ” comes to us through 
the Latin encaustum^ the numo given to the 
pigment used for colouring bak«'d tiles, and it is 
significant of this origin that the Ancient 
Egyptians wrote in carbon ink on iiotsherds 
which were afterwards baked (Fr. rvcre; Ital. 
inchiofitro ; Gor. Tinte). From this primary 
moaning tho connotation of the word “ ink 
has been extended to include fiuids that are 
employed for producing characters in writing or 
printing upon any material. 

Writing Inks. — Tho earliest kind of writing 
ink was Indian or Chinese ink (q.r.), a solid 
preparation consisting of Janipblack and glue. 
Licjuid jirepara-tioiiH ctuitaiiung carbon in 
suspension or colloidal form w^re afterwaids 
mtrodu<‘ed and were in use all ovtu* tho w'<uUl. 
In the West, earhon inks wore grn(luall\ rejilaeed 
by iron-gall inks; in ibis country Ibe change 
oeeiirroil about the eighth or ninth century 
A.T). In the East, carbon inks are still in use, 
although in the principal cities, snob as Cairo, 
they have practically disappeared. Lucas 
(Analyst. 1922, 47, 9) has published analyHcs of 
modern F]gyptian carbon inks, 

Iron-Gall Inks. — As first made, about the 
eighth century A.n., these eonsisted ol an in- 
fusion of crushed galls or other form of tannin. 
nii.\cd with a solution of cojiperas and snflieient 
gum arabic to keep the resulting colloidal iron 
tauTiate in susjiension. Although sjient tan- 
bark, sumach and other sources of tannin are 
HonK'times used m the nianulacturc ol ink, galls 
have been found to be the most suitalile law' 
material for tlu^ purpose. 

Aleppo or nut galls contain from about 50-80% 
of gallotannin, with amounts of gallic acid vary- 
ing with the (“onditioris of storage. Chinese 
galLs usually cont ain about 00% of tannin (some- 
tinips as rnueli as 7r>%). Myrobalans (used for 
copying inks) contains 40 -50% of tannin. For 
analyses of difl'erent kinds ol galls and other 
tHnnm-produciiig materials, see Mitchell {ibid. 
1923, 48, 2). Experiments made by Mitchell 
(/.r.) point to the conclusion that the ]>vTogailie 
group is the tinetogenie agent in both gallo- 
tannin and gallic acitl ; he has also shown {ibid. 
1903, 28, 140 ; 1920, 45, 120) that tlu' gioupirige 
(three hydroxyl groups in juxtaposition) found 
by Sehluttig and Neumann (“ Die lOisengal 
lustinten,” Dresden, 1K90, p. 10) to form iron 
inks will also yield inks in which animoniuin 
vanadate or osmium tetroxide replaces the iron 
salt . 

The tinetogenie valui' of galls or other soiiiees 
of tannin tbiis depends iijioii the combined 
amount of gallotannin and gallic acid. For this 
reason determinations ol taiiniu by the standard 
gelatin method used by leather mami facturers 
do not afford a true rriterion of tho value of the 
product for ink-making. Jt is necessary also to 
take into consideration the gallic acid yiresent, 
determined, e.g. by Mitcheirs colorimetric 
method (Analyst, 1923, 48, 2), in which the 
reagent consists of a solution of 1 g. of ferrous 
sulphate and 0-5 g, of sodium potassium tartrate 
in 190 ml. of water. The standard solution for 
the comparison consists of a solution of pure 


pyrogallol or gallic acid, and tho lotal tinetogenie 
value of the substance under examination is 
expressed m terras of either pyrogallol or gallic 
acid. The tannin in the original solution is then 
jirecipitated with quinine hydrochloride and a 
eolonmetrie comparison is made with the fil- 
trate ; the differenoe between this result and that 
originally found gives the amount of gallic acid. 

The old literature gives very divergent 
forimihe lor the relativ'o amoimis of galls and 
copperas to be used to obtain a permanent ink. 
Thus, Canepariiis (“ De Atranientis,” IfiOO) 
pre.seriberi 3 parts of galls to 1 of the iron salt, 
and Lewis (‘‘ ( Vunniereium Fhilosophieo-teeh- 
iiieimi,” p. 377) agreed with this. Other 

ptopoi lions n'comiTU'nded were 4:1 (Eisler, 
1770), 5;l (Feid, 1H27). 1-5.1 (lirande), 2-4:1 
(Ore), etc. All these pioporliona were obtained 
ernpirieally with galls w Incli probably eon- 
tamed very dilferent proportions ol tannin, and 
by methods in whii-li different amounts of tannin 
were dis.solved. lint after allowance has been 
made for these tnc.tor.s, Ibo balance of opinion 
IS in favour of a fuoportion of about 3 parts of 
galls to 1 jiart of Icrious sulphate (r/. Mitchell, 
“ Inks,” «lth cd., G Qnflin & Co., London, 
1937, p. 127). 

I'his conclusion is snpport(‘d by tho experi- 
ments of Sehluttig and Nenmami {op. cif.^ p. 44) 
and of Mitchell (Analyst, 1920, 45, 255) on the 
conipo.sifcion of the insoluble iron tannate formed 
on exposing a solution containing gallotannin 
and ferrous sulphate to tlie air. The deposits 
yi«*l<l(‘d from 7 8 to 8-0% of ferric oxide ( - 5-5™ 
of iron). The formula lliat agrees best 
with .5-r»-f)-0% of iron is that suggested by 
Schiff (Annalen, 1875, 175, 170) : 


In MitcheH’s e.vpennients tho ratio lietwe-on 
tho amounts of iron arid gallotannin in the spon- 
taneously dried di'posits was 1:16. This eorro- 
sponds wdth a ratio of 1:3-22 between the ferrous 
Bvilphate and gallotannin.^ Since, however, tho 
amount of tannin varies with the substancu 
employed, the table given on the next jiago will 
alford a guide to the apjiroxinmte proportions 
of diftcreiii tannin materials to be used with 
1 part of ferrous sulphate. 

A tyfiical recipe loi the manufacture of iron- 
g.ill ink of the old type is as follows : galls 120, 
eopjieras 89, gum arabic 80, water 2,400, 
phenol 6 parts. 

The crusherl galls are nipeatedly extracted 
with w^ater and the e.vtracts are united and then 
ini.xed with the o( her ingredients. After mixing, 
the ink is allowed to mature in vats for sovoral 
months. 

Iron Salts for Inks. — Ferrous sulphate 
(copperas) has long been used as the most suitable 
salt for ink- making, but ferric chloride is used for 
gallic acid inks, and ferric sulphate chloride, 
FeS 04 CI, 6 H 20 (patented by Rohm and Haas 

^ For a dlscusBloii of the composition of the iron 
tannates formed when Iron-gall Ink dries on pajier, aec 
Mitchell, '■ Inks,” 4th ed., C. Crifliu Co., London 
1937. 
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Contain- 


Tannin niatcriul 

iriK pure 
Riiliotan- 

Parts by 
weight 

cent 

(circa). 

required. 


Commercial gallotannic acid 

80 

3 8 

Aleppo galls . 

62 

5-0 

Chinese galls (best) . 

75 

4-3 

JajiaiH'Hc galls .... 

02 

6-0 

Acorn galls (Knopiicrn) 

30 

no 

I'lnglisli oak-apple galls. 

20 

12-5 

Clii'stnut wood . 

9 

30-0 

(Micstniit w’ood extract 

20 

160 

SiinuK'li . . 

22 

14-5 

Valonia 

30 

11-0 

Divi-divi 

40 

8-0 

Mvrobalans ... 

30 

11-0 


A. -(I., Clirni. Zig., 1021, 45, Hi2) js cniplovod to 
ji limited extent. 'J’lie iidvanta;^eH elaimed lor it 
are t.liat it, ih not hyj^roHeopie or (UdKjiieHeent ; 
that unlike ordinary tenu salts it does not ad 
on aniline dyes, and, unlike ti rrons salts, does 
not throw down a deposit when o\aIie a< id is 
used as (he acid to render the iidv staliJ 

(^)inmei'eial eofipm'as, as used tor ink making, 
varies in colour from hluisli-^ri'en or whitish- 
^reen to a brn^lit prass preen. On ex}K)Hiiro to 
the air it praduall y ahsorlis oxypen and beeoines 
efiatcd with a wliito layer which soon changes to 
yellownsh-browni, owing to the lonnntion of basic 
ferric Hul].hat(‘. 1 n this condition it is technically 
known as rusty and is usually regarded as of 
more vabu* by ink inanufactiircrB, probably 
beeauge it accelerates the prelinunar}' darkening 
of t he ink in tb(‘ vats. 

The amount ot iron in eominereial copperas 
varies considerably. Tourteen samples examined 
by Mitchell {op. c\t., ]). 121) eontain(‘d Iroin 
18-14 to 25-1)2^);, of iron, and practical tests 
showed that an ink ^irepared from eopjieras with 
lH-8% ol iron contained too little iron when the 
eahudation had betm based upon (he use of 
copperas containing the theoretical 

Coniiuereial copperas is almost invaiiably 
acid. Thus five Ham])leH showed an acidity (m 
terms of N. -alkali solution) langiiig from O il to 
0 ;i7 ml. per gram. It is obvious that this acidity 
increases the amount of strong acid in the final 
ink and accounts for the aeiility of inks to which 
no mineral acid has been added. 

Blue- Black Inks. — The use of indigo to 
improve the colour of ink was mentioned by 
Kisler in 1770 (“ Das lOislerisehe Dmtefass,'” 
Helmstadt, 1770, p. 28) and was used by 
Stephens in this eoimtry in IS'lO. In 1850 
Leonhardi of Dresden patented an ink rontain- 
ing indigo and madder solution, and these inks 
were therefore termed “ alizarine ” inks, even 
after the madder had been discarded as super- 
fluoiiB. The new principle introduced w^as that 
of retarded oxidation. Wliilst in the old type 
of iron-gall ink colour was given to the ink by 
partial oxidation in the vat, in “ alizarmc ” inks 
a eolourmg matter is introduced to give a 
teinporaiy colouring matter to the writing pend- 


ing the formation of the insoluble violet-black 
iron tannatc upon the paper. As mentioned 
above, indigo was at first the principal colouring 
matter used, but has now been partly or com- 
pletely replaced by aniline dyestuffs, especially 
Soluble blue. Gum, wdiieh was a constituent 
of the older type of ink, is not used in the more 
fluid modern blue- black inks. 

The British Specification (H.M. Stationery 
Office) 1934, specifies for a Record Blue-Black 
Ink, that it must be a gallo-tannate ink contain- 
ing not less than 0 5% nor more than 0-6% of 
iron, and that the ratio of iron to tannin sub- 
stanees shall bo such as will ensure the highest 
degree of x^ermancnce in written characters. 

A bine-black ink for general services and 
fountain pens must contain not less than 0-25% 
of iron. Like the record ink, it must yield a 
good blue-black colour after being blotted and 
gwe a deep blark a Her 14 days. Both types of 
ink must remain clear and without appEfeciable 
deposit w'lien evaporated to a fourth ^f the 
volume by exposure to the atmosidiere\ The 
cidity st be the least possible having regari' 

I to satisfactory performance of the inks. 

I Gallic Acid Ink. — The advantage of gallic 
I aculs inks over ordinary iron-gall inlis is ^bat, 

I b(‘ing already oxidised, (hey remain clear in the 
bottle. Hcricc they do not lequirc llie addition 
ol acid to stabilise them, and so have little, if 
any, corrosive action niion steel pens. Dii the 
other liand, owing to the limited solubility of 
gallic acid (about 0-9% at 15^’(\), these acid-free 
inks lack “ h()d5%” and do not penetmt/e the 
payier so readily as the normal blue- black inks, 
which often eoniain more Iban 01% ol free acid. 

Originally gallic acid inks w'cre prepared by 
hydrolysing (’hinese galls to convert the gallo- 
tannin into gallic acid, but these were essentially 
mixed gallotannin and gallic acid inks, and gallic 
acid is now' more ginuTally used Feme chloride 
18 used instead of l Ofijierus, and about 3% of an 
aniline dye and 0 1% of phenol arc added. 

Copying Inks.— 'Llicsc are concentrated iron- 
gall (blue-black) inks to which an ingredient, 
such as glycerin or dextrin, lias been added to 
retard atmospheric oxidation of the ink upon the 
paper. Spea king generally, iron -gall cojiying 
inks should contain about 30-40^, less water 
tlian inks of the same formula intended for 
ordinary WTiting purposes. The British Specifi- 
cation (IJ.M. Stationery Office) for blue- black 
copying inks requires the sanijilc' to contain not 
less than 0 0% of iron and to dry without stirki- 
nesa and givi? a good clear ropy 48 hours after 
writing. The ink must produce a good blue- 
black colour aft er being blotted and give a deep 
black after 14 days. Ot her requirements are the 
same as for ordinary blue-black inks {sapra). 

Logwood Inks. — Inks in w'hich part of the 
galls is replaced by logwood chips or logwoc»d 
extracts w'oro at one time extensively used, 
especially on the Continent, but have now to a 
large extent been displaced by cheap blue- black 
and aniline inks. 

Chrome logwood inks (Dinglers Polytech. J. 
1859, 151, 80) are also practically obsolete, at 
all events in this country, although still used in 
Germany. Walther (Chera.-Ztg. 1921, 45 , 432) 
gives the following formula for a cheap ink of this 
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type : Logwood extract 24, hydrochloric acid 
(20° Be.) 16, potaasium dichromate 3, 
phenol 1, water 1,000 parta. 

Ink from Ammonium Ammonoxyferri- 
gallate. — Silbermann and O/.orovitz (Chem. 
Zentr. 1908, II, 1024) found that gallic acid 
reacts with ferric chloride to produce a chloro- 
ferrigallic acid, 

HOjC(HO)C,H ^FeCl 

and that this acid, when treated with ammonia, 
forma ammonium ammonoxyforrigallate, 

H4N02C(H0)C«H2( ;Fe O NH4. 

This compound in a 7 or 8% aolution can he 
used na a writing ink. The waiting is violet- 
black at first, but becomes black in a few hours, 
and ia aufficiently oxidised 111 30 minutes not to 
be removable by water. According to Zimnier- 
inann, Weber and Kimberly (J. lies. Nat. Bur. 
Stand. l^S.A. 1935, 14, 465) a .solution of 
animoninm amnioiioxyferrigallate (20 g. })er 
litre) forma an ink that flows well and leaves no 
sediment after exposure to the air lor a moidb. 
It IS ri'comnu'mled as a. salisfactury re(‘ord ink. 

Lignone Sulphonate Inks.— The lignone. 
aulphonatea in the waste liquor from tin' luaiiu- 
fac'ture of cellulose jnilp by the sulphite process 
combine ivith iron salts to form black compounds 
wdiich resemble iron tannates and dry on jiaper 
as inaoluble black pigments. Hence, black and 
blue- black inks can be made from theses waste 
liquors, and during the last few years such inks 
have liecome commercial products. Whilst they 
have many excellent qualities, the experience 
of many years will he necessary to prove that 
thesj', inlvH will be as permanent as propcTly 
made iron-gall inks. 

Coloured Writing Inks. — ^Formerly these 
inks consisted of suspensions or solutions of 
pigments, such as verdigris, and natural colour- 
ing matters such as cochineal. They are now 
almost exclusively made from aniline dyestuffs. 
The following are coloured writing inks of the 
old tyjie : 

Red Ink w as formerly prepared from Brazil 
w^ood or extract of Brazil wood, with the additii 
of alum or stannous chloride, ft.g. 

(1) Brazil wood 280, tin-salt 10, gum 20 parts ; 
boiled with 3,500 parts of water and evaporated 
down until the required depth of eolnur is 
atvaiiiecl. 

(2) Extract of Brazil wood 15, alum 3, tm- 
salt 2, tartaric acid 2, water 120 jiaHs. 

Cochineal or carmine inks are prepared by 
boiling cochmeal in water, precipitating the 
earmino wuth alum and tin salt and dissolving 
this in the requisite amount of strong am- 
monia. Another method is to dissolve 2 parts 
of ammonium carbonate in 200 parts of water 
and macerate for 3-4 hours with 40 parts of 
cochmeal and 2 parts of alum. 

Most of the red inks now used are solutions 
of magenta or eosin in water, together with a 
little gum. Glycerin also is added if the ink 
is to be used for copying. 


Blue Ink. — In the older type of blue ink 
Prussian blue was the colouring matter com- 
monly employed. The pigment was placed in 
an earthen vessel and either strong hydrochloric 
acid, nitric acid or sulphuric acid w^as added to 
it. After the mixture had remained 2 or 3 days, 
much w ater w^as added, and after settling, the 
supernatant liquor was drawn off from the sedi- 
ment. The sediment was well waslied until the 
wash liquor was free from iron and free acid, 
after which it was dried and mixed with oxalic 
acid in the proportion of 8 parts of Prussian 
blue to 1 part of acid. The pigment was dis- 
solved in sufliciont wmter to bring it to the 
ie(|uired intensity. 

An exoelleiit blue ink can be made by dis- 
solving 10 jiarts of indigo-eamiino and 5 parts 
of gum in 50-100 parts of w'ater. Solutions of 
blue aniline dyes may be usetl, but are easily 
effaced by bleaihing agents and some fade on 
exposure to light. 

Tyj>i(‘nl modem coloured writing inks consist 
of solutions of the following dyestuffs : 

Blue. — Soluble Prussian Blue (0-5%), sodium 
indigo siilplionale (01%), Metliyleiie Blue 
(0 5%). Havanan Blue l)SF (1-2%). 

Greni. — Acid Green (I 2%), Malachite Green 
( 0 - 2 %). 

Btd. — Muoaniti' S (0-5%), Fuchsin K (0 2%), 
Kusin A (1-5%), 

Violet. — Methyl Violet (0 3%). 

Btown. — Alizarin (2-6%) and ammonia solu- 
tion (1%). Dries brown. 

h’or table of systematic tests for these and other 
coloured inks, see Lung(‘, “ Technical Methods of 
Analyhis,” 1914, in, 1, 529, and Mitidiell {op. cU.). 

State of Massachusetts Official Ink. — 
This is a standard ink for comparative tests, and 
contains the following ingredients : Dry gallo- 
tannin, 23-4 ; gallic acid crystals, 7-7 ; ferrous 
sulphate, 30; gum arabic, 25; dilute hydro- 
chloric acid, 25; phenol, 1, in 1,000 parts of 
water. This forinuhe is based on that given by 
Schluttig and Neumann (op. cit.). 

“ League of Nations ” Ink. — At a meeting 
of the National Research Council at Ottawa, 
*Septcml)er, 1932, a Report by the League of 
Nations on the Permanence of Papers was 
accepted ; this Report included rccommenda- 
tions as to the requirements of a permanent ink. 
The.sc coniprisc'd the following, infer alia ; 

(1) The ink must be thin and fiow'ing, and keep 
in a non -stoppered bottle. 

(2) It must dry quickly and must not be 
sticky, even immediately after drying. 

(3) It must not be acid enough to attack pen 
or paper, or show an}^ tendency to spread over 
the paper. 

(4) It must contain sufficient iron and tannin, 
so that when dry it will turn black, will not fade 
in light, and will resist water and alcohol. 

“ Art. 40. — Ink for documents shall bo black, 
free from aniline or corrosive materials, and 
resistant to light and decolorising substances. 

“ Only the ferro-gallic inks are accept/od as 
‘ normal,’ and they must comply with the 
following conditions : — 

“ (1) Be clear, fluid, not acid enough to attack 
the pen, nor have a tendency to spread on the 
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paper ; have a laHiiii^ rolour, and produce a 
writing which dricH (juickly without Ktickmesa. 

“ (‘J) (k)ntain not Ichs than H g. of non per litre. 

“ (;i) Jio cornplctclv indelible in 1/) days. 

“ (4) J^iodnce a dark colour and be aa resiatant 
to light, air, water and alcohol an an ink eoin- 
poHcd of 2,'M g. of iannin, 7-7 g. ol cryatalliMcd 
gallic acid, 30 g. of iron Hiilphate, 10 g. of gum 
arable, H-ft g. ol concentrated hydrochloric acid 
and J g. fd' carbolic acid, rnadi' up to 1 litre. 
"rh(‘ inks arc tested according to the regulations 
ol the IhinMii ol Conlrnl and Standards.” 

it may he pointed out that sonic of these 
iTipiireineiils are eontradietorv. An ink con- 
taining d of cone, aqueous hydrochloric 

acid will attack peiiH, and an acid -frei; ink (which 
will not. eoriode pens) will not comply with the 
leqiiiieinenl.H lor tannin and gallic acid. 

Prussian Regulations for Official Tests 
of Ink. — Accfuding to Ihi* Ibn.ssian regulations 
of May 122, 1012, inks nie elassilied into (1) 
” flo( iirnerilary,” and (2) '‘writing inks,” the 
lattei heing subdivideil into (^) non gall inks, 
and (^) logwotal and dyestulT inks, (I) A 
“ doeumentarv mk ” is dehned as an inm-gall 
ink which gives dark writing alter H <lays’ 
eAjiosnie to light and aii. It must, eontain at 
least 27 g. anhydrous gallotannic and gallic 
acids, and 4 g. iron (cali:ulat(‘d as the imdal) 
yior litre. On the otiuT hand, tlie amount of 
iron niiist not (‘xec'ed (i g. so lliat the ratio 
of gallolamiie plus gallic acid to iron ninsl lie 
within the limits 4 h.l and (i-7r»;l. 'J’he ink 
must not aller for at least 14 days in the ink-pot, 
and must flow readily Ironi the pen. "I'he writing 
done With it must not bi‘ sticky iniinediatcdy 
after drying, and altei H da\s ii, must lemain 
deep black wbrii washed with water and with 
aleoliol (85 and 5()«,'^). (2) Iroii-gall “ wilting 

inks ” niiisf eontain at least 18 g. gallotannic and 
gallic acids, and at least 2 (1, and nol moie tlian 
4 g. iron ])er 1 i(m‘ (latio 4-5:1 and ()-75.J). In 
other resiieets they must eonqily with llu‘ 
requirements ol ” doeiiiiUMitary inks.” Inks ol 
Group (/>) are not otlieially tested. 

For the Anieiiean standards tor iron writing, 
duplicating and eaneelling inks, their eoiiqiosi- 
tion, maniifaeture and methods of testing, ,vcc 
U.S.A. Jhireaii of Mtandards, 1920, Cirenlar 
JSio. 95 (for Abstract . .syt Analyst, 192J, 46, (U). 

Examination of Writing Inks. — Acniitif . — 
A rapid method of deterinining corrosive acids 
in ink has been di'viseil by Mitchell {ilnd 1921. 
40 , 131). 10 111 ), of the ink are repeatedly 

distilled with excess of sodium acetate and the 
acetic acid in the distillates is titrated with 
Btandard alkali. 

Another method of deteniiinmg holli the 
added mineral or oxalic acid and the weak 
organic acids is to bleach the ])iginentN in the 
ink with boiling hydrogen jieioxide and titrate 
the liquid with in. -alkali (phenoljihthalein as 
indicator). The alkalinity of the gla.ss bottles 
need for ink may sometimes iieutraliso the 
acidity of the ink and cause deposits to form 
(Mitchell, op. cit.f 184, 224). 

Ash. — Iron-gall inks differ considerably in the 
readiness wuth which the carbon can be burned 
off. Cautious addition of a few crystals of 
ammonium nitrate facilitates the ignition. 


Typical English inks have been found to yield 
from 0-42 to 2-52% of mineral matter. 

Iron . — The ash is dissolved in dilute hydro- 
hloric acid, and the iron is oxidised with 
hydrogen peroxide and precipitated with am- 
monia. Or the volumetric method prescribed 
in the Fnissian Official Tests may be used : the 
a.sh from 10 ml. of ink is dissolved m 1-2 ml. 
of hj-droehlonc acid (sp.gr. 1124), the solution 
is c\aporatcd to drv’iu'ss with 1 to 2 ml. of 
chlorine wuiter, the residue is treated with 0-5 ml. 
of hydroehlorie acid to dissolve basic iron salts, 
and the solution is cooled and diluted with 20 ml. 
of water. About 1 g. of potassium iodide is added, 
and the iodine liberated at 55° is titrated with 
N./IO thiosulydiate solution, the solution being 
cooled befoK' tlie starch indu'ator is added. 

.Mitchell (Analyst, 1908, 33, 81) analysed a 
large number of lOnglish writing-inks and found 
Ibat, although the eomyiosition of any one inanu- 
faeturer's ink remained fairly constant ovjer long 
periods, there were marki'd dillei cnees betw een 
the inks ol different manufaeturerH. The total 
solid mal.ter ranged from 1-89 to 7 91^, t\ie ash 
from 0 2 to 2 52';\, and the iron from 0 18 to l\09%. 

(jnJfotannin and (kilhr yield . — A rnixti^e ol 
10 ml. of tlie ink with 10 ml. ol concentrated 
hydioehloric acid is shaken with successive ^por- 
tions of 50 ml. of ethyl acetate until the aqueous 
layer gives no leaetion lor galloUiiiiiin or gallii' 
acid afli-r tieatment with sodium earhoriate 
and addition of ferric chloride and ferrous snl- 
yihate. A special form of shaking ayijiaratus, 
(h‘vi,seil by Kothe, is suitable foi the extraction, 
'fhe cHinI acetate extiaet is shaken several 
fiiiK's with semi-saliuat('f| yiotassiiim ebloride 
solution (10 ml. (‘aeli lime) to remove iron salts, 
and then evaporatiYl In car no ; the. residue is 
taki'ii iqi uitli a little water, transreiied to a 
weighcfl erin‘iblt‘ and dried at 105 110", or 
yireferably i)f vacno at about 00 ’, until constant 
in wiMglit. Ill the Frussian Itegulatioiis the 
lesidiie IS regarded as gallot.irimn and gallic 
acid \^hen 0 1 g. thereof absorbs in tlu- yiresence 
of 2 g. ol sodium bicarbnnati* at l(*ast 0 5 g. fif 
iodine. If less iodine is absorbcil the ink is not 
np to otlicial reipnreinents. In (h-tcriniiiing the 
iodine absorption about 0-1 g. of the residue is 
mixed in a stoyiiiered tiask wuth 2 g. of sodium 
bicarbonate and 25-50 ml. ol a standard soliilioii 
of ioiluii* (about 50 g. yicr litre), and tlie flask 
is closed and allowed to stand overniglit, after 
wliieli the iinabsorbed iodine is titrated with 
st.anda.nl tbiosiiljihate, 

A moie aeeiirale deteniiination of gallotniiiiin 
ami gallic aeifl may be made b^ Mitehell’s 
eolorimetrie inetbod (Analyst, 1923, 48, J). 

Gums and Jk.vtrin . — 10 ml. ol the ink arc 
treated with 20 ml. of 95'1(, ahohol, and the 
preciyiitate is eollected on a eoiinteryjoiscd lilter, 
dried and weighed. 

Gtf/crrin. — The total solitls of the ink are 
treated with 90% .alcohol .and the aleohohe 
extract is evaporated and tested for glycciin, 
e.[f. fumes of acrolein on heating w ith potassium 
bisulphate {v. Vol. V, 302r). 

Phenol and Salicylic Acid . — The residue from 
the ink is mixed with sand and extracted with 
ether. On evaporating the ethereal extract 
phenol may be recognised by its odour and by 
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giving a proi‘ipitate with bromine M’ator. 
Salicylic acid ia detected by the violet colour 
obtained with ferric chloride (r. Vol. 11, r>70/>). 

Dyestuffs. — The ink la ahghtly acidified with 
hydrochloric acid rand boiled for 15 mimitea 
with a thread of wool or cotton. The threads 
are thoroughly washed with hot water, and if 
they have been dyed they arc boiled in sodniui 
carbonate Holution or acidified water, and ihe 
dyestulfs are again fixed on cotton or wool and 
identified by systematic tests for dyes {rf. \’ol. JV, 
150-172). 

Indifjo Car)tiinc, is fixed ujion wool and re- 
dissolvcd by an alkaline bath. In alkaline 
solution it remains bright blue alter addition of 
sulphuric acid, but is changed to green by 
hydro! hlonc acid. 

Tastimj the Wtitunj rieees of standard p.ijier 
are stretched in a liaine inclined at an angle of 
45"', and a deiinite amount ot ink made to How 
dowui them from a jiipetli* fixed in a special 
position with regarrl to the jiaper. At the same 
time a ]iarallei test is made upmi the same 
liaper AVith Selduttig and Neumann's sfanda.id 
iion-gall inlr eontaiiimg 2!{ I g gallotannie and, 
7-7 g. eiystallme gallie aeid, 80 g. lerroiis sul- 
phate, It) g. gnm aralue, 2 5 g. liydroehlone 
aenl, and 1 g. phenol jier litre. Tins ndv is 
allowa*d to stand for at least 4 days at It) 15', 
and deeanted from any de])o.sit. For eompaiisoii 
in the test it is eoloured w illi a suitable dyestuff 
to match the. mk under exainmatioii. The pajicr 
with the eolour stnjie.s ol the two inks ujion it 
is e\pf»sed to the air loi S d.iys in diffused day- 
light, and is then eut horizontally mlo stri]is 
W'hich are inuiierseil in water, 50% alcohol 
and 80% aliohol respectively. No perceptihU 
hJimclimg ol t he ink should take ])lae(5 (Ilinrieh 
sen, FJi('m.-Ztg. 1918, 37, 205; Miiehell, op. cit., 
p. 207). 

Aye of Ink in The diange in tin 

eoJoiir of ink on pajier proceeds rajiidly at first, 
then very slowly, and is usually eoinjilete in the 
eoiirse of a few' moiifhs. If the colour nf the 
writing changes in the course ot a few days, the 
ink IN eom])arati\ ely recent {sec. ]0itehell, op nt , 
p. 207). 

Another test depends upon the fact that as 
the ink becomes oxidised it is gradually eon- 
verted into a resinons tannatc, wdiieji letams 
the dyestuff. Thus d a dilute acid is applied to 
writing a lew months old the ink will run, 
whereas if the ink is some years old it wall he 
hardly affected by tbe reagent. 

Mezger, Jtall and ilecss ((8iem.-Ztg. 1981, 55, 
‘■'■’1) have devised a method based on the 
gr.iducd diffusion of the salts m tin' ink-w riling 
into the adjacent }i.i[ier. Their “ehhirido 
pietiiris ” and “ sulphate ])ietures ” enahle a 
judgment to be fonmal of ihe relative age of the 
ink. Tb(‘ jueeaiitioiis to be observed in drawing 
eoiielusions from tlu; “ pictures ” have been dis- 
cussed by Hcchs (Arch. Krimiiiol. 1985, 96, 18; 
also Mitchell, op. cit., p. 213). 

It is probable that in oxidised ink the iron 
exists as the first in the scries of tunnates, 

Fe(Ci4H0Og)3 

(^14^9^a)3 


doserihed by ^Vittsteill (Jahresher. 1849, 28, 
221) and by Sehiff (Annaleu, 1875, 176, 170), 
See also Silbermann and O'zorox itz, Z.r.). As 
he oxidation proceeds fli(‘ suecessive preeipi- 
tatoN contain more iron, and eventually approxi- 
natc in eoinposition to 


/ C„H,0 
'\C„H,0 


9 

9 

0 


htaiiicd liy Pelouze by prolonged exjiosuro of 
a solution of lerric Ruljihate and gallotannie 
acid 1.0 air (Mitchell, Analyst, 1920, 45 , 247). 

Ink Powders. — Owing to their eonvenionce 
for UH(‘ by travellers, iul; jiowders and tablets 
an* being uicreaRingly used. Some, xvlien dis- 
■iolved, npjiroximate in comjiosifion to gallo- 
tannatf' inks, wdnlst olheis consist of aiiiliiio 
dyestulls. 

A Molet logwood-ink powtler deserilH'd by 
Ifieleneli (“ Fhannazeiitisehes Mimmil," lOth 
ed., 1909, j' 040) coumhIh of logwood extract 100, 
aluminium sulphate 40, jiotassuim oxidato GO, 
potassium bisulphate 20, potassium chromate, 

4, salieylie acad 1-5 jiarts. 

Aniline Ink Powders.— -ViciU in 1875 recom- 
mended the use of Nigrosine, which was to he 
dissolved in 80 jiarts of w'ater. 

Jlieterich {op. rif.) gives fcho following formulio 
for ink powders of ddlment colours : 

Black Ink J^owder. — Aniline Green D 0-0 
Fonccaii 2I<. 8 0, Phenol Blue 1 part. 

Bed Ink Powder. — Ponr eau Red 2R. 

({recn Ink Powder. — Aniline. Green. 

Violet Ink Powder. — Phenol Blue 1-5, 
Ponceau 2K 2 parts. 

Violet (>opyin(j-lnk Powder. — Methyl Violet 
20, sugar 10, oxalic ai'id 2 parts. 

Till' Britiish SpeeiHcations (ll.M. Stationery 
Office) for Blue-JJlaek Ink Pow'der, reipiire tlie 
ink made up Irnm the powder to eontain not 
less than 0 25% ot iron, and the ratio of iron salt 
to tannin substances to lie such as will ensure a 
satisfactory degree ot permaiieiiee. The, ink 
must produce a good blue- black colour after 
being blotted, and give a deej) black after 14 
days. 

Gold and Silver Inks are prepared from 
gold and silver, or from cheaper substitutes such 
as bronze jiowder and Duteli leaf. The leaf 
inetnl, mixed with honey, is earcfully ground 
down to the finest jiossibie condition ; it is then « 
well washed and drieil. A suitable medium 
jireparatiori eoiihists ot 1 part ol jiurc gum arable 
and 1 part of soluble potash glass in A parts of 
distilled water. As a rule, I jiart of the powder 
is suflfieieiit tor 8 or I [larts ot t he medium. 

Imitation silver mk is best made by rulibing 
up aluminium foil or powder xvith gum. 

Sympathetic or Secret Inks. — These pre- 
jiaratioiis arc devised to trace words or figures 
which are invisible when WTiltrai but become 
visible when subjected to heat or appropriate 
chemical reagents. Jilxaraples : a weak infusion 
of galls is colourless on paper, but becomes black 
when moistened with a solution of copiieras ; 
and if a weak solution of copperas be used, the 
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writing will bo invisible, until the pajK-r is mois- 
tened with a weak solution of galls. Equal 
parts of copper Hiilphato and sal ammoniac 
dissolved in water lorni a colourless ink, the 
writing of whicli turns yellow on Ihe application 
of heat. Weak sohilmns of silver nitrate or of 
auric chloriile when exposed to tlie sunlight 
become dark brown and xmrjde respectively. 
iSolutions ol cobalt chlonde or nitrate give 
tracings which become green or blue when 
hcatcfl and disapjiear again as the paper cools. 

Ink for India-rubber Stamps. — Thcfollow- 
ing jiriqiaral ion pioiluces ink adajited for this 
puriioHc. Jt docs not easily dry upon the pad, 
and is readily taken up by the paper : Anibnc 
colour in solid form (blue, red, etc.) 1C, 
boiling distilled water 80, glycerin 7 parts. 
The loloiir is dissolved in the water, and the 
other ingredients arc added whilst agitating. 
The “ carbon papers ” used for giving two 
or more eojiies of written or typed matter 
are coated on one side with a mixiuro of, for 
exain])le, yellow wax ami tallow containing u 
suitable pigment sueli as lampblack or Prussian 
blue, or some aniline eohmr. 

Indelible or Safety Inks.— Com positions 
jiasHing under these names consist of finely 
divideil earbonaei'ous substanees, such us Indian 
ink or lamjiblaek, held in suspenHioii in a 
gliilinouH or resinous liquor. They are <levised 
so as to resist the aelion of strong acid or 
alkaline solutions. An ink having these projier- 
ties mu> he made of Indian ink rubbed into 
ordinary writing ink. 

A sus])ension of lampblack in sodium silicate 
solution makes an excellent saiel y ink, but has 
the disadvantage that it must be* kejit in air- 
tight bottles. 

Vanadium ink is prepared very simply by 
adding a small proportion of ammonium vana- 
date to a filtcTcd decoction of galls. It is a deep 
black ink, which flows fieely from the pen and 
is nut easily removed without destruction of the 
paper. 

Copying Ink or Indelible Pencils (c. 
Vol. HI, :ir)l)). 

Hektograph Inks are used to give a large 
number of copies, and must therefore contain 
a concentrated colouring matter. The original is 
written on ordmaiy paper with the ink and is 
laid face-down on a sheet of a eoinjiositioii of 
glue and glyierin (about 1:5) until the ink 
has been absorbed into the surface of the 
composition. Hy applying sheets of pajier with 
» slight pressure, (»() to IttO copies can tlien be 
obtained, 

A typical ink eoiitains : a water soluble blue 
dye 10, glyeerin 10, water 50-100 jiarts. 

Dyes not easily soluble in water or glycerin 
are first dissolved in alcohol and then mixed 
with the other ingredients. Thus a red liekto- 
graph ink may (^mtaiii : magenta 20, alcohol 20, 
acetic acid 6, gum 20, watei 40 parts ; or magenta 
10, alcohol 10, glyeerin 10, water 50 parts. 

Ticket- Writer’s Ink is made of good black 
ink, with liquid gum added to produce a gloss. 

Ink for Writing on Glass is a solution of 
gum arabic in strong hydrofluoric acid coloured 
with some matter which can withstand the action 
of the acid ; cudbear is used for this purpose. 


For Enamelled Cards ordinary printing ink 
(mainly a mixture of lampblat'k and oil) is mixed 
with a few drops of equal parts of copal v'arnish 
and mastic varnish. 

Lithographic Ink ought to conform to the 
following requirements. It should bo flowing 
on the pen, not spreading on the stone ; capable 
ol forming delicate tracings, and very black to 
show its delineations. The most essential 
quality of the ink is to sink well into the stone, 
HO as to reproduce the most debcate outlines of 
the drawing and to afford a great many impres- 
sions. Jt must therefore be able to resist the 
acid with wdiieh the stone is moistened in the 
preparation, w'ithout letting any of its greasy 
matfer escape. 

Lithographic ink may be prepared as folio w^s : 
maslic (in tears) 8 oz., shellac 12 oz., Venice 
turpentine 1 oz. ; melt together; add wax I lb., 
tallow' 0 07..; when dissolved, add a further 
(i 07 . of hard tallow soap in shavings 1 and 
when the w'hole is perfectly ineorporatea, add 
I oz. <»f lam])black ; lastly, mix well, puit in 
moulds, and when cold cut it into square pieces. 

Another leeiiie is as iollow's : melt together 
wav ]8, .soap IS, shellac 14, resin' 0, 
tallow' 10 parts. Then stir in 2 paits of india- 
rubber dissolved in 5 jiaits of oil of turpentine, 
and (> parts ol lainyiblaek. Heat the whole 
iiiilil the snudl of lurpcntine lias nearly dis- 
appeared and tlien east into sticks. 

Autography is the o]K‘ratioii by w'hich a 
writing or a drawing is tiansferred from paper 
to st(»ne. I'oi autographic ink : mix white* w'av 
8 07 and white soap 2-11 oz. ; melt and add 
lampblack 1 oz. ; mix well, heat strongly, and 
add shellac 2 07. ; again heat strongly and stir 
well. On the mixture cooling pour it out as 
before. With tins ink lines may be drawn of the 
finest and lullt‘Ht dass, without danger of 
spreading ; and the* eojiy iiia}" be kt*pt for years 
before being (raiisferred. Tli(?se inks are rubbed 
down with a little water in the same way as 
Indian ink. 

Printing Ink. — Ink prepared for use with 
type, copper-plates, etc., consists of a medium 
and pigment. The cJiier j)rop(Tti(*s requir(*d in 
a. good ])riMting ink are : 

(1) A ])crfectly uniform syrupy eonsistenee. 

(2) Must bo easily transferred from the ink- 
rulleiH to the type, and from the type to the 
]ja])er. 

(11) iMiist no(. smudge iyjies, and must be 
easily washed otf them w ith printer’s lye. 

(4) The ink must not dry so quickly as to 
set on tyjies or rollers, but must not dry so 
slowly on the paper jis to hinder folding, etc., of 
sheets. 

(5) When dry, the ink must not “ set off ” from 
the pajier on to an} thing with w hich it comes in 
eontnet;. 

(G) The printed chaiactcrs should not show' 
a greasy margin. 

(7) The ink should not have a strong odour. 

The ink which most nearly fulfils ill these 
i-cquirements is composed of thi‘ finest quality 
of lampblack incorporated with a pure linseed 
oil varnish. (For methods of examining lamp- 
blacks and carbon blacks, ^ee Neal and Perrott, 
U.S. Dept, of the Interior, Bureau of Mines, 
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Bull. No. 192, 1922. 72 ; aho British Standards, 
Nos. 284, 286, 287, 288.) The demand for ehoap 
inks for the printinp; of newspapers and cheap 
books has been met by using cheaper qualities ot 
lampblack and substituting for the varnish 
various mixtures of oils and resins with soap, 
which may or may not contain a proportion of 
linseed oil. 

The linseed -oil varnish nsod for good ink was 
formerly prepared by heating linseed od in a 
boiler until the vapour evolved could be ignited. 
A light was then applied and the whole allowed 
to burn for about hall an hour, until a trial 
showed that the oil was of the right eoiisistenec. 
The practice of burning the oil gave a dark- 
l oloured product and has now' been discontinued 

The present practice is to heat the oil to about 
389-400*', taking every jirecaution to a\oid its 
ignition. The boiler is provided with a closely 
fitting lid, or, better, with a cover of wire -gauze, 
which cxtingiiialios a flame while allowing the* 
vapours to cscujie. 

ITovision is made for lilting the boiler from 
the fire or witlidiawing the fire Irorii the boiler, 
or, in some apyiaratiis, for l unning olf the oil 
into a cold \eHsel. A gutter round the fiirriaec* 
above the fii e-door prevents any ehanee of the 
oil reaching the liic, even slioiild it boil over the 
top ot the pot. In sfiiiH' modern plant the oil is 
healed by means oi superheated steam. A 
varnish so prepared is insoluble in water or 
alcohol, but mingles readily with tresh oil and 
unites with niiic‘ilag(‘S into a mass ditiiisihle in 
W'atcr in an enuilsoid iorm. The oil loses fiom 
one-tenth to one-eighlh of its weight by boiling 
into the thick varriisli. 

Letterpress ink of average (jualily majr he 
made liy reheating a varnish prodmed as 
described above and adding tor eaeh gallon of 
the original oil 4 lb. of rosin and 1 lb. of brown 
soap in slices. This is then mixed with the 
recpiisd-c quantity of pigment — lor larapblaek 
rather less than one-tliird of its w eight - and the 
whole IS thoroughly ground and incorporated 
in a suitable raaehine, usually between rollers 
of polished granite or steel, as in Lehmann’s 
apparatus. The presence of soap in the ink 
causes it to “ lift ” w ell, i.a. to bo completely 
transferred from the type to the pajier. Tin* 
tollowung recipes are tyjaeal of inks of a cheaiier 
class : 

Linseed Oil and Ihjsin Vehicle . — Rosin 50, 
boiled linseed ful 100, rosin soap U), partly' 
boiled oil 6 parts by weight. 

Kosin Oil V chick . — Rosin oil 50, losiii 50, 
boiled linseed oil 50, rosin soap 5, thin 
boded linseed oil 6 part-s. 

Cheap Mineral Oil Vehicle . — Rosin is dis- 
solved in about an equal weight of heated 
mineral oil (petroleum of sp.gr. 0-880- 
0-920; Wass, R.P. 322298, 1902). 

Composition Vehicles . — Venice turpentine 5, 
castor oil 16, white wax 1 kg. These are 
mixed at 100” (Krieeht) ; then 9 kg. of 
thick turpentine, 10 kg. of soft Hoaj) and 
4 kg. of “ oleineV' mixed hot, are addeil 
(Rosl). 

The lampblack used is of various qualities 
according to the price of tho ink. The propor- 


tion should be just sufficient to give a full black 
impression; it is less with the better qualities 
of lampblack. The ink for rotary machines 
contains about 28% of lampblack, that tor high- 
speed newspaper-printing about 24%, that for 
book printing about 21%, and that for illustra- 
tion w'ork about 19% w'ith 2% of Prussian blue 
and 1% of indigo. 

Other inks consist of 25 parts of paraffin oil, 
45 parts ot tine colophon}^ and 15 parts of lamp- 
black. The amount of colophony is reduced in 
sott inks for high-speed w'ork. 

It has been proposed to use oxides of iron or 
manganese as black pigments for printing ink 
#*.(/. Fireman, U.S.J*. 802928, 1905). Paper 
printed w'lth such ink could bo bleached and 
suhsequrntly made into white paper. This could 
nol. he done with the lanijiblack inks noiv used. 

It is said that so extremely thin is tho layer 
of ink on small tyyie that 1 lb. v t. even of cheap 
iicw'8pa])er ink wdll c()\ t'r no loss than 7,000 sq. ft. 
of type matter. 

Coloured Printing- Inks. --’riiese inks aro 
made from tho varnishes al)r)ve di-scrihed by tho 
addition of dry (‘okmrs, taking great earo that 
the colours are thoroughly w'ell ground and 
a.Msimilated with the varnish, since lumps of any 
Kind not only clog the type but alter the tint. 
Some tints winch are exceedingly light will 
require an admixture ot white powder to give 
the necessary body to tho ink. 

The follow ing pigments are eligible lor inror- 
jioration in punting inks : 

White . — Tfeavy K])ar (barium sulphate), zinc 
wiiite and titanium white. 

fted. - ()rang(‘ lead, vernulKui, burnt sienna, 
Vi-rietmn red, Indian red, lake vermilion, 
oraiigi' mineral, lose pink and rose lead. 

Yellow. — Yellow’ o(hrc‘, gandKige and lead 
chromate. 

Blue.- (V)halt blu(', Prussian blue, indigo, Ant- 
weip blue, Plnnesc blue, French ultrar- 
niine and Gt-rnian ultramarine. 

(Jreen . — Usually mi.xtiires of yellow and blue, 
but BometiincH ehionio green, cohalt green, 
emerald green or terre verte. 

Purple . — A mixture of those used for red and 
hlu<‘. 

Deep Brown. — Burnt umber with a little 
seaiiet lake. 

Pale Jirov'n . — Burnt sienna ; a rich shade is 
obtained by using a liltle si arlf^t lake. 

LtVrrr.— Cobalt blue with a little earmiiio 
added. ^ 

Pair Lilac . — (*armine wit.h a little, cobalt blue. 

Amber . — Pale chrome with a little carmine. 

Pink . — Carmine or eninsfui lake. 

Bhades and Tints.- A bright red is best ob- 
tained from palo vermilion with a little carmine 
added; dark vermilion when mixed with the 
varnish produces a dull colour ( )i angc* lead and 
vermilion ground together also produce a very 
bright tint, and one that is more jiermanent 
than an entire vermilion colour, (’heajier sub- 
stitutCB are orange mineral and rose pink, and 
red lead. Lead chromate affords the brightest 
colour. For dull yellow yellow ochre is used. 
Indigo is excessively dark and requires a good 
deal of trouble to lighten it. It makes a fine 
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Hhowy colour when bri^^htm'Hfl is iiot required. 
PruHsian blue is iiHcful, but it dries very quickly, 
hence the roller must ho frequently cleaned. 
The olqection to J^ruHsian, Antwerp and Chinese 
blues is that they are hard t(j grind and likely 
to turn greenish with the varnish when used thin. 
For green any ol the mHowh and Idues may be 
mixed. The vuMiisli itself having a yellow tinge 
will product' a decidedly gret'nisli tint with a 
small quantity of Antw'cr]) blue. EmcTald 
green is marie by mixing jiah^ eliromo with a little 
(^liinese blue, and then adding the iriixturo to 
th(‘ varnisli until the tint is satisfactory. 

In using jiainter's colours it is advisabU^ to 
a\ fud the heavy ones as much as fiossible. Some 
colours lerpiire less oil in the varnish than others. 

A bronze of cbaiigeable hue may bt' given to 
inks with the following mixture (Southward): 
gum shellac lA lb is rlissoKed in 1 gallon of tliV/,, 
alcohol or Cologne spiiits for 1!4 hours arul 14 oz. 
Aniline Hr-d then addrsl. Alter standing (oi a 
iew' hours the mixture wull hr' ready for iis(‘. 
When arlded to goorl hliU', black or other dark 
ink, it imparts a rich hiu'. Tlu' rpiantity must 
he^ eairdiilly afjportioiK'd . 

Reflex Blue Lakes. The jjigmeiii knrjw'ii 
as “ Ueth'x Blue ” is preparr'd from the ear- 
bonium dyi', Alkali Blue, liy t»reeipitatiou lioiii 
an arpieous solution with hydroehlorie or siii- 
])hurie acid in [irr’sener' ol lead aeelah'. 'I’lie 
moist jireeipitate is ineoriioiated with a litho- 
gra])lue varnish, and, after standing lor th(‘ 
water to separate, tJie lake is groiiml into ink. 
These lakes get thr'ir nanu's Ironi the bronze 
elb'ct obtained when they aie mixr'd with litlio- 
graphie varnish. 

Monastrai Fast Blue BS.- An insoluble 
blue dyi stuff jiigment of a new tyfu’ has been 
introduced under this naino (see. li. P. Liiistead 
vi. al., .I.C’.iS. lO.'M, lOlb-lOHD). Jt is insoluble 
in water, oils, aleoliol and many oigaiiie sol- 
vents. The same pignuMit is maili' in (liimany 
and sold under the name of lleliogt'ii Bbii' V* 
(Cheiu.-Ztg. P.hhi, 60, ^175). It can be nseil m 
admixtuit* with yellow ])igm(*nts to ]uodiue 
gri'eiiH brighter than the (U’dinary Brunswick 
gnM’iis. Cnbke cobalt blue, it is relaliv(‘ly 
opaque to infra-red rav's (Mitchell and Ward, 
Analyst, UKlb, 61, Tot).' 

Rotagravure Inks. — The ])rim ipl(' of the 

“ roiagravure ’’ process is the leverse nt that 
used in half-tone work, flie printing surlai 
being an intaglio composed ol minute rectangular 
cells of varying deplli. 4’lief^e cells, mimbering 
f about 40.()0() to the sq. in., are idled wilh tlie 
ink, the exeesH of which is removiMl liy means 
of a steel blade or " doctor,” so that iilins of 
graduated diqith are left in the leUs on tit 
eylimler of the rotary jmvss. When the web t»f 
paper is pressed against the mouths of the cells 
the ink is lifteil from them and traiisti’rrefl to 
the surface of the pajier, and the density oi tit 
deposited lugment coiTospoiids with the amount 
of ink in the respective cells. The ink required 
for the process differs in its properties from 
ordinary printing ink. Jt must be capable of 
being removed completely from the cells, must 
be fairly transparent, and must not yield 
deposits. These requirements are met by using 
special media containing balanced proportions 


of fixed and volatile ingredients, and by the use 
of pigments wdiii'h arc thoroughly ground. 
Special mills are required lor grindmg the 
mixture of jugraent and medium, and the ink 
is passed through a hair sieve before being used 
in the printing machine. 

Rotagravmro inks made with an oil basis 
require thinning with benzine or carbon tetra- 
chloride, wliilsfc those with a water basis have 
the drawbacks that they smudge readily and 
aic not waterproof. A w aterproof ink prepared 
by Albert (Penrose’s Annual, 1932) is free 
from these drawbacks ; the medium consists of 
water and water-soluble organic pigments 
incorporated with a solution of rosin soap. 

All a8[)halt mk particularly suit aide for intaglio 
}irinting has been patented by Winsliip (B.P. 
3, 34, 370, 192{)). 33ie asjihaltie base {r.g. from 
gilsonite g.v.) is dihited with a petroleum solveiiti 
and an oily resin; the einulsioii is stabilised 
with glue and hnally incorporated withi wiiter 
.iml a suitable pigriU’iit. i 

Patent Inks for Cheques. — NuiAerous 
punting inks for cheques have been inadci with 
the objc'ct of revealing any attempt to repiove 
writing from the surtaee of the paper. OJlje of 
the best known of these inks is lliat of Hefiner 
uid l)u])r6 (B.P. 375, 1881). The preparation 
used for printing t he note consists of a sulphide 
(mbolublo in water, but acted on by dilute acids, 

g zinc suJ[)liid(‘), with lead carbonate or other 
salt of a heavy metal. 33ie mi.vtnre, is marie 
into a paste witli glycerin, tiraicle ami gum 
aiabie, and can be used for jirmting invisible 
idiaraeters on the cheque, or added to the 
coloured paste used foi iirinting tlie ground- 
work. Dark stains are immedi.itely prodiui'd 
when acid, alkali or a. cyanide solution is 
ajqdied to th(‘ eberiue. 

In the ink ])atented by Waterlow &. Sons and 
Clin’ord (B.P. 292393, 15)27) a substance 

lluoieseing in ultra-viidid/ light, Init, the lluores- 
eeiico of which is destroyed by ink-erasing 
agents, is claimed. In a later patent (B.P. 
117488) claim is made lor the use of watei- 
insohiblc eiibstanees for tins purpose. 

Examination of Printing Inks. — The be- 
haviour of a printing ink in ])ra(;tiee is of much 
more import-anee tlian its composition. For 
melliodsol analy sis, acc Tuttle and Smith, J. Tiid. 
Eng. (3ie?n. 1914, 6, (ioO. Specili cations for the 
tests to be a]ipli(Ml to inks useil in the IkS. 
Government IViniing Ofliee have been pub- 
lished. 'J’hese include tests for the following 
|)ro})erties : (1) non-separation of oil lioiii pig- 
ment; (2) eleanlinesh ol transfer ; (3) hairiness; 
(4) drying ])ro})('rlh*s ; (5) ofl'set. or himidgiiig ; 
(6) colour ; (7) quantity required for an averagri 
, 5,000 jirinted pages. 

Arsenic in Printing Ink.— As a result of 
the detection of arsenic in the printing on 
wrajipers used for bread (Elsdon, Analyst, 1924, 
49, 336), Barry {ibid. 1927, 52, 217) suggested 
limits for the proportions of arsenic to bo per- 
mitted in the pigments used in printing inks, and 
classified these pigments into three groups : 

(1) those to be used unconditionally, con- 
taining less than 1 part of arsenic in 
50,000 of pigment ; 
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(II) containing between 1 in 20,(KX) and 1 in 

50.000, to be uaed in conjunction with 
those in Class 1 ; 

(III) those containing more than 1 part in 

20.000, wdiich are to bo rcjiM ted. 

These Hiiggestions Morf' adversclv criiicised 
by Morrell and Smyth (thnl. 1927, 52, 339) as 
too stringent m view of the amount ol aificmc 
that would bo present in the final ink. 

Bronzing. — The pioduction ol iirinled matter 
having the colour and lustre of gold or silver, is 
carried out by printing with a varnish which 
remains “ tacky ” lor a time, and then dusting 
over the whole siirlace with bronze jjowder or 
aluminium powder or sinnlar suhstanees. The 
})OW'der adheres ordy to the \arnish and thus 
produces the dc'sired (dfec t. 

Such a \arnish may he i»roibiced by melting 
into a goiid litisoL'd od varnish siilVu'U'nt bees- 
wax to give it the consistence of lard or tallow. 
{See. lire's Diet, of Arts, Manufactures, et<‘ : 
(looley’s “ Cyclo]). of IVactK id Iveccipts ” ; 
lichner’s “Ink Miinufacture ” ; Southward’s 
“ Practical Printing ” ; JMoblc’s “ Princi])les and 
Practice of Colour Jhinting ” ; Andes’ “ Oil 
Colours and Ibiriter's Inks ” ; Mitchell’s “ Inks : 

( 'oinposition and Manntactiire ; Seymoui’a 

Motlern Printing Inks.”) 

Marking Inks. — Natural marking inks, such 
as those prejiared from the juici* of the ('oriarta 
thymifolia (the ink-plant ol New Granada) and 
the jiiioe of the Indian marking nut. {Scme.carpud 
anacardium), are not only used locally, hut also 
form the basis of com mere iai pieyiarat.ions. Tlie 
juice of Jlhus toxicodendron (“ the poison ivy”) 
and that of Ithus venenata (“ the jioison 
sumach ”) are also employed in the manufacture 
ot black varnish ami of marking inks. 

Chemical Marking- Inks. — The inks of thh 
type most eornmonlv used arc those containing 
a silver salt the reduction of which within the 
fibies of the fabric leaves an insoluble black pig 
ment. In the earliest inks of this type the liner 
had lirst to he tieated with a pounce {e.(j. sodiun 
carbonate in gum mueiiage) and then dried, hut 
these have been eompletely superseded by inks 
in which the reduction is ellected by heat. 

Kedw^ood's marking ink, wdiich is still the 
])rototy])e of certain modem marking inks, was 
jirepared by adding a solution of 31 yiarts of 
silver nitrate in water to an acjueous solution of 
50 parts of sodium carbonate, colleeting anc 
w^ashing the precipitated silver carbonate, tri 
turating it with tartaric acid, and adding suth- 
cient ammonia to dissolve the silver tartrate 
The ink was then completed by the addition 
of 15 parts of archil extract, 10 parts of white 
sugar and 50 parts of gum arabic. 

An analysis by Mitchell of a British silver 
marking ink of this typo gave the following 
results : water (containing 4-87% of am 
monia), 76-93 ; total solids, 23-07 ; mineral 
matter, 12-30; silver, 9-98; platinum, 0-26 
tartaric acid, 6-83 ; gum, 3-94%. The ink con 
tained archil as a temporary pigment. 

Various modifications of silver marking-inki 
have been published, and the addition o' 
certain other metals to the ink has been claimec 
in different patents. 


Aniline Marking- Inks. — Two types of these 
larking inks ai-e sold. In the older type there 
re tw’o solutions which are kept separate until 
list before use. I’htise are to a large extent 
•imilar to .laeohsen’s aniline ink (Dinglers Poly- 
eeh. .1. 1807, 183. 78): 

a) Copper Solution. — Copper chloride, 8-52 g. ; 
lodium chlorate, 10 05 g. ; ammonium chloride, 

» 35 g. ; water, 00 ml. 

{(t) Amlinc Solution. — Aniline hydroehlorido 
20 g.. diH.solved m 30 ml. of water and mixed 
aith 20 g. of a solution of gum arahie (1:2) and 
‘0 g. of glycerin. 

use, I ]iart of (a) is mixed wdth 4 parts 
if (6). The writing, which is gri'cii at first, 
gradually blackens as aniline bhu k forin.s within 
he fibres of the fabric. Steaming accelerates 
he blaekening, Imt dry bent tends to make the 
uarkcMl place brittle, finally the marked ]>laco 
i.s washed with soaji and water which renders the 
nk a deep blne-bJaiU. 

As this process is lelatively tedious, there has 
been an increasing demand, especially by 
laundrieH, for one-solution writing and stamping 
inks which do not iiece.ssitate preliminary mix- 
ing, ami jirodueC markings which do not reciuire 
to ho stc-amed or w'ashed. 

In some of tlioso inks the aniline salt and 
ixidisiiig agent are so balanced that oxidation 
k es not take [ilace within the bottle. Several 
inks made on tbi.s principle w'cre jiatented by 
Grawatz (F. P. 270307, 1898). One of them 
contains: (a) aniline oil, JIO ml.; hydro- 
chloric acid (20 Be.), 100 ml. ; water, 100 ml. : 
(b) potassium ferrocyanide, 150 g. in 300 ml. of 
boiling water. The two solutions arc mixed, 
cooled and arlded to a solution of 00 g. sodium 
hloratc in 400 ml. water. 

In Hoim^ of these inks the stage of re.tarded 
oxidation ha.s not been i cached, for after keeping 
fluid for months they may suddi-nly gelatinise in 
the bottle. 

Othei one-solution inks contain an aniline 
black dyestuff dissolved in aniline oil or in mix- 
tun-s ol aniline and its humologues. The exact 
cumjiOHitiou and methods of prepai irig these inks 
are earcfully guarded as trade secrets. 

Examination of Marking Inks. — The com- 
position of a marking ink is of subsidiary im- 
portance to its behaviour in juactical tests. 
The main requirements of a good marking ink 
are: (1) it must not injure the fibres of the 
fabric; (2) it must flow smoothly from a pen, 
hut not “ run ” when applied to linen ; (3) the 
marking must darken rapidly when treated with 
a moderately hot iron or otherwise ; (4) the 

marking must not fade when repeatedly washed 
with soap and water, and must resist the action 
of aeid.s, alkalis and bleaching agents; (5) the 
ink must bo stable in the bottle and not gelatinise 
or form deposits if the cork is not replaced for 
some time. 

Marking Ink Pencils. — The earliest type of 
pencil devised for marking linen consisted of a 
silver salt incorporated with a suitable basic 
material and a provisional colouring matter 
(Dunn, B.P. 2316, 1858). In other pencils 
(Hiekisson, B.P. 9149, 1884) one end had a 
marking point composed of a mixture of silver 
nitrate fused with gum and potassium nitrate, 
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whilst the other end was a mordant {e.g. borax, 
w^ax and pyrogallol) which was applied to the 
writing to fix it. 

Aniline dycHtuflh soluble in oil are claimed by 
Hickisson (Jl.l*. C310, 1803) as the colouring 
matter in iiuirking*ink ptmc ils. For this purjioae 
they are incorporated with a suitable medium 
such as gum trag.o ;iti1 li, kaolin and borax. 
Some of the aniline marking-ink jiencila now sold 
produce cliann trrH that are very fugitive. 

Organic pigments an* now to be obtained 
rivalling Ihi* mo.st permanent mineral ]iigmenta 
in fastness. Thus Iiidantlireno Blue 0, after 
exposure to the air for 18 months was found to 
be as permanent, though not quite so brilliant, 
as cobalt blue. 

0. A. M. 

I NOS I N AS E (?;. Vol. IV, lllfw). 

INOSITOL . — Several polyhydroxy-ryclo- 
hexanes oecur naturally, and of these the 

inositols are the best known. They aic hexa- 
hydroxycyr/ohexancs (hcxitols). Nine stereo- 

isomers of this formula are possible, according 
to the jioHitions of the hydroxyl groups on each 

HO H 

HO / I ‘ ‘ I \ OH 

i/ H HO \| 

c. ,c 

1\H H/| 

h\i, ,|/h 

|C c 

h<!) (!)h 

MiiOBitol. 


HO H 



HO OH 


coincident; =— r-- cannot be made to coincide 
14 6 

14 6 

with these two are therefore optical 

isomorides. The other isomers are inactive. 

Of these nine possible structures, four only 
have been isolated. These are d- and l-inositol, 
meso- or i-inositol, and scyllitol. All occur 
naturally, either free or combined. All have 
closely similar chemical properties. They are 
white crystalline solids, readily soluble in water, 
sparingly soluble in alcohol. T.ikc the sugars 
they have a sweet taste, and in fact are isomerii; 
with the hexoscs, having the molecular formula 
CflHijjOg. From the formula) of /-mannose 
and /-mositol given above, the transformation 
of a hexo.so to an inositol would appear to he a 
simple aldol change, hut such a reaction has not 
yet been eanied out in vitro. A reaction of this 
typo is, however, postulated in a series of 
changes recorded by JVliclieel, Buhkobf and 
Suekfiill (Her. 1935, 68 [BJ, 1523). \ 

d- Inositol (rnatezodambosf).— M.p. 24'^248°, 
[a]j, 1-65'' (in water), oeeurs as the monoiicthyl 
etlier in Finua Jamherliana. Dcraethyktion 
with hydriodic acid yields r/ iriositol. Its chemi- 
cal j>roperl-ios are typical of other inoskols. 
Thus, it forms hexa-aeetyl and hexabenzoyl 
derivatives. It reduces ammoniacal silver 
nitrate hut not Fehling’s solution, and does not 
mutarotate. The monf)methyl ether, jjinitolf 
(oiind in F, lambvrtianaf oeeurs also in senna 
leaves and iii Madagascar rubber late.\ and has 
m.p. 186", fall, -1-65'’. The structures of d- 
and /-inositol are discussed immediately heJow\ 
/-Inositol. — M.p. 247", ja],, —65", occurs as a 
monomethyl ether, q u f brack it ol, in quebracho 
hark and in rubber latex. Deni ethylation with 
hydriodic acid yields /-inositol (Tan ret, Compt. 
rend. 1889, 109, 908). Quehraehitol is a white 
crystalhne sohd, m.ji. 190", [a]|, —80". 

The structural iormiilie of d- and /-inositol are 
leadily assigned, siiiee of the nine possible 
stereoisomers two only are optically active and 
I enantiomorjihs. One of these is sliowm above 
I (/-inositol) ; the other is its mirror image. 
These structures are in agreement with the 
isolation of both mueie acid, 


/-Maiiiiuse. 

carbon atom, relative to each other and to the 
planh of the ring. For convenience, the above 
structure of /-inositol is expressed by the 
14 6 

symbols ^ indicating that the hydroxyl 

groups attached to carbon atoms 1 4, and 5 lie 
above the plane of the ring, and those aK.ached 
to carbon atoms 2, 3 and 6 he below’ the plane. 
Using this shorthand, the theoretieully po-ssiblc 

, 1 2 3 4 5 6 1 2 3 4 5 

stereoisomers are : — r , 7 — , 

0 h 

1234123 6 1246 1_2 3136236 
6 6 4 6’ 3 6 ’ 4 5 6’ 2 4 6’ 1 4 5’ 

14 6 

^ Other variations will he found upon 

examination to be identical with one of these 
structures. In particular, it should be noticed 
that in one case only is the mirror image non- 


H OH OH 

I I 

HOOC— C C- -C- 

i>H 


H 



and d-saccharic acid. 


HOOC 


_i-4- 


OH 


I I I 

OH OH H 


H 

I 

COOH 

I 

OH 


on oxidation of /-inositol with permanganate 
(Poaternak, Helv. Chira. Acta, 1936, 19 , 1007). 
The configurations assigned arc no I absolute 
hut are dependent upon the convention used in 
the sugar series. 

Racemic, d/- Inositol. — ^M.p. 263", can be 
formed by mixing equal weights of d- and /- 
inositol, and occurs naturally in mistletoe berries 
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and in blackberries. It is, of course, inactive ■ 
(Tanret, Compt. rend. 1907, 145 , 1196), 
i- Inositol (mesoino^ifo/, damhose^ nucite) is the 
isomer most commonly found in nature. It 
occurs in muscle, heart, lungs and bver and 
many other human and animal organs. In 
plants it is also widespread, especially in leaves 
(asparagus, oak, ash, walnut, etc.), "frequently 
esterified with phosphoric acid {e.g. ph^'tin). 
The large-scale isolation from the steep-waters 
from the preparation of corn starch has been 
described by lloglan and B/irtow (Ind. J'hig. 
Chem. 1939, 31 , 749). A monomethyl ether, 
borntsitol (m.p. 199") is found in Borneo rubber; 
a dimethyl ether, dambonitol (m.p. 195") has 
l)ecn isolated from Gaboon rubber. An isomeric 
monomethyl ether, seqvoyite.^ has been isolated 
from redwood (Shorrard and Kurth, Ainer 
Chem. Soc. 1929, 51 , 3139). 

i-Inositol is a white crystalline solid, m.p. 
225", ojjtieally inactive and non-reducing. The 
following derivatives have been described : 
the hexa-acet^iCy m.p. 212°, the moiiohromo- 
inoaitol penta-acctate, m.p. 240", dibromoinofiitol 
tetra-acetaiey m.p. 140" or 235°, and th<‘ inofiitohh- 
hromohydriny m.p. 210° (Muller, J.C.»S. 1907, 91 , 
1780; see also Griffin and Nelson, J. Amcr. 
(Uicm. Soc. 1915, 37 , 1555) ; the hexapropiotiaic, 
m.p. 100", the hexa-n-butyrafe, m.p. 81°, the 
hexa-i&ob'utyrate, m.p. 181°, the hexa-i\-valerate, 
m.p, 63", the hexa-iaoi^aleratey m.p. 147 ', and the 
hexa-^'X^-dinitrobenzoate, m.p. 86° (HogUn and 
Bartow, lx,). On oxidation with nitric acid 
(d 14) it yields the ketone mosose (jienta- 
hydroxycyriohexanone), m.p. 198-200’ (Poster- 
nak, IIclv. Chiin. Acta, 1936, 19 , 1333). 

The allocation of a structural formula to 
i-inositol is difficult. Since it is optically in- 
active, the structures ^ and above) 

may be ruled out ; in fact, they belong to d- 
and Z-inositol. Seven possibilities remain, and 
these are reviewed by IkiHternak (Compt. rend. 
1929, 188 , 1296). The lollowing considerations 
enable a formula to bo suggested : 

(a) A tetiaphoaphate of i-inositol with a 
negative rotation has been prepared. This fact 

, j . 1 2 3 4 6 6 ^,^. 

excludes structure . (w) An in- 

active monophosphate is known (Anderson, 
J. Biol. Chem. 1915, 20, 480, 495). This cx- 
12 3 4 

eludes structure : - . (c) The action of 

5 o 

fuming nitric acid on mono- and di-phosphates 
of ^inositol gives both racemic and inactive 
tartaric acids. These could not be obtained 
13 5 

from the structure W Oxidation with 

2 4b 

alkaline permanganate at 0° gives among other 
products, allomucic acid, 

OH OH OH OH 


HOOC 




COOH 


H H 


The structure of t-inositol would therefore 
appear to bo : 

HO H 


i— (i 

HO / I « I \ OH 

I/h h6\i 

C4 ,c 

|\OH HO>| 

h\j, _,^/h 


c- 


H H 

I-Juosllol. 


This configuration is supported by more recent 
work by PostornaU (Arch. Sci. pbys. nat. 1941, 
vj, 23, Suppl. 44). Are/obarlrr sitboxydaiis 
oxidises i-inosi(oi to gi\c a keto-group at C3, 
and on further oxidation (KIVInO^-Na-jCO,) 
di-saceharie aeid is lornu'-d, establishing the 
structure of tJie ketone. The latter on catalytic 
reduction (H^— PtOg) yields i-inositol quantita- 
tively. If sodium amalgam is used for the 
reduction, scyllitol is also formed {see below). 

i-liioHitol has been found to inonioto the 
growth of bacteria and other organisms, ineliid- 
ing yt‘ast. In ibis ooniiection it has been called 
“ 1)108 1. " A H'view ol these accessory growth 
factors has been given by Koser and Saunders 
(Bact. Kcns. 1938, 2, 99) (y. Ghowth-Pro- 
MOTlNO Sun.STANCKS, this Vol., p. 138). 

A hexapliospliate of i-inositol, phytic acid, 
occurs as an alkali salt (phytin) in plants and 
plant seeds (^ee Posternak, Cojnpt. rend. 1919, 
169 , 139: llelv. Cliiin. Acta, J921, 4 , 150; 
Anderson, 3. Biol. Chem. 1915, 20, 496). 

Scyllitol {rocositoly (/uercinitol), m.p. 349°, 
is a fourth stereoisomer of the inositol group. 
It has been found in organs of tlio dog-fish 
{Sryllium Canicula) and in the cocoannt palm 
(Cocos Hpccie.s) and m Acanthiis vulgaris, (Jornus 
florida, ele. Recent work by Posternak (lx, 
1941) indicates that scyUitol difters from 
i-inositol only in the configuration around C^. 

The preparation of other isomers has been 
reported from the action of acids on i-inositol 
(Muller, J.C.8. 1912, 101 , 2393) and by reduction 
of the ketone inosose (Posternak, Helv. (chilli. 
Acta, 1936, 19 , 1333). Little is knowm of these 
products. 

An X-ray examination of I- and i-inositol and 
of cjuebrachitol has b<;en made (Patte.rson and 
White, Z. Krist. 1931, 78 , 76 ; White, ibid. 80 , 1). 

For the detection of inositols, Scherer’s re- 
action is used (Annalen, 1852, 81 , 376). Evapora- 
tion with nitric acid and then with ammoniacal 
calcium chloride yields a rose-rod coloration if 
0 0005 g. of inositol is present. The estimation of 
inositols in the presence of glucose, using periodic 
acid, is described by Fleury and Joly (J. Pharm. 
Chim. 1937, 26 , 341, 397). D. W. Woolley (,). 
Biol. Chem. 1941, 140 , 463) determines i- 
inositol by its growth-promoting effect upon 
yeast preparations. 


Of the remaining structures, this acid can only 
, , . , . 1 2 3 4 5 

be obtained from ^ . 


Pentitols. 

Owing to their close relationship to the 
inositols (hexitols), the pentahydroxycycio- 


6 
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hexanes (pentitols) may be mentioned here. 
Of the sixtt^en possible stereoisomers of this 
formula, two only arc known, both optically 
active. They are named d- and \-quercitol, but 
they arc not enantiomorphous. This nomen- 
clature is therefore unfortunate, since cnantio- 
morphs may well be found. 

d-Quercitol, CgHjjOg, m.p. 234", [ajj^ 424° 
(in water), is found in aconis and to a small 
extent m the leaves and bark ot the oak. It 
has also been isolated from the leaves of 
i'hae inner o])s humilia Linn ., tlie Kuropean member 
of the palm family (11. Miiller, J.C.S. 1907, 91, 
J7()(>). The presence of five hydroxyl groups is 
shown by the formation of a penta-a('etate and 
j)entanitrate. It is reduced by hydnodie acid 
to a mixture of aromatic dcrivativcH, including 
bcnz(‘ne, pluuif)!, pyrogallol and rjuinonc, and 
also to hexane. 

The structure of d-quorcitol has been the sub- 
ject of communications by Karrcr (Helv. Chim. 
Acta, 1920, 9, 110), Kiliaiii and SelKublor (Her. 
1 889, 22, 517 ; 1931 , 64 [H |, 2473) and Hosternak 
( Helv. (.'him. Acta, 1932, 15, 948). The isolation 
of mucic acid from th(‘ products of oxidation by 
nitric acid (Kiliani) agrees with structures cx- 

2 5 0 2 5 0 

pressed by the arrangenumts 


1 4 


3' 4 ’ 


their mirror images, 


explanation of the notation). Posternak {l.c.) 
oxidised d-quercitol with alkaline piumaiiganate 
at 0° and isolated metasaceharonic acid (yield 
19%) from among the products. This acul he 
ulentified by degradation of tins corresponding 
aldono-lactone (metasaccharin) to d-2-deoxyxy- 
lose (Levene and Mori, .1. Ihol. riiem 1929, 83, 
81)3). 

H OH H H 


HOOC— C-^ 


Hi 


-C C- ~C~~COOH 

I I 


H H OH 

Mctusaccliarniiic aciU. 


H H 

-i 


HO / I |\ OH 

I /OH HO\| 



H OH 

rf-Quercitol. 

The structure of d-quercitol follow^s, but it is, 
of course, dependent upon the convention wdiich 
allocates the configuration of d-glucose. It may 
be noted that d-quercitol is a deoxy-d-inositol. 

i-Quercitol, m.p. 174°, —74° (in water), 

occurs in the leaves of Oymnema sylvestre. It is 
not the enantiomorph of d-qucrcitol and its 
structure is not known. 

G. T. Y. 

INSECT WAX (Chinese Wax, Cliinese In- 
sect Wax) is the secretion of an insect, Coccus 


ceriferua Fabr. {C. pela Westwood), which infests 
the bark and twigs of the “ evergreen tree,” 
Liguatrum lucidum Ait. grow'ing in Western 
China. It should not be confused with the so- 
called “ China wax,” the (Chinese variety of 
oriental beeswax, v. Giiedda Wax. 

F Ij 

INSECTICIDE EMULSIONS (r. Vol.iv'i 
301d). 

INSULAR I NE. Insularine has been iso- 
lated togetlicr wulh a second base from the root 
of Ciasamptlos insularis Makiiio (fam. Mcni- 
sijcrmaceie) by Kondo and Yaiio (J. Pharm. Soc. 
Japan, 1927, 47, 107). C. ocAiaia wa Yamamoto 
also contains insularine (Kondo and Tornita, 
Arch. Pharm. 1930, 274, 70). 

Inaularinr, C37H3pN20„, -| 27-95 , in.]). 

KiO", is amor])bous and (‘asily soluble in EtgO 
(thus .scjiaiaterl lioiii ai compan v ing bjisc) J(, 
(oiilaiiis thriM* lnctll(^^^l and tn n N-iiictbyl 
gr()U|).s. Ibc tlin‘c rciiiiiuiiiig oxygen atoiiis oci ur 
probabl}’^ iii ether linkagi's. The ll\i)fmanii 
dcgrailatioii of tli(‘ mctliiodide yiclds\ an a- 
melhim^ m.]). 1 15". [al}j^-t- 1 10 0°, and a fi-)\ethinr, 
m.p. 185°. Further degradation yields a 'N-fiec* 
eompound, m.p. 208''’ and ] 73-37", nyedles 
from ether. 

The constitution of insularine is still unknown ; 
foi absoiqition sjicetrum, see Ocliiai, .1. 19iarm. 
Soc. Japan, 1929, 49, 425. 

Insularine belongs to the groiif) of the bisco- 
claiiriiie alkaloids (v. Vol. Ill, 230r) wduch con- 
tain 2 mol. of snbstiiuti'd bciizyltctraliydroi.so- 
quinobnes joined together by one or several 
oxygen-bridges. To the same} chmnical group 
belong dauricine (q.v.), o:t yarn ni hine. {v. Vol. J, 
083r), herfminiue, ietrandnne, pheenthi ue, etc. For 
survcvnn this gionp, .vec Kondo and Tornita (/.r.). 

Schl. 

INSULIN, THE ANTIDIABETIC 
HORMONE. Insulin is a jirolcun hormone 
from pancreas and is an impair taut factor in the 
metabolism oi cai boliydrate in tin; bod)'. 
When mjccLcd into lb(‘ normal (curve II) or 
diabetic (curve 1) animal it produces .i tiunporai)' 
dccrcasi* in blood sugar. 

It is used for the amelioration of the syinjitoms 
of diabetes melt it ns, the cause of which may be a 
failure of the pancreas to supply enough insulin 
for the needs of the bod 3 ^ S.ymptoms of this 
disease include hunger, thirst, polyuria and 
muscular weakness. The blood sugar is high, 
and glucose, often accompanied by acetoacctic 
acid, acetone and jB- hydroxy butyric acid, is 
excreted in the urine. 

Removal of the- pancreas was shown by von 
Menng and Minkowski (Arch. exp. Path. 
Pharm. 1890, 26, 371) to cause diabetic symp- 
toms. The occurrence of diabetes when the 
main gland was removed W'as prevented by 
grafting a portion of the pancreas on to the 
abdomen . They postulated that diabetes rnellitus 
is caused by the absence from the body of a 
principle essential for carbohydrate metabolism. 
In mammalian pancreas there co-exist zymo- 
genous tissue, supplying an exocrine secretion 
wliieh passes through the paucreatio duct into 
the duodenum, and a number of microscopic 
islets, brat described by Langerhans, whoso cells 



407 


INSULIN, THE ANTIDIABETIC HORMONE. 


are the boutcc of the endocrine secretion of 
insulin into the blood stream. These islets are 
frequently in anatomical continuity with the 
zymogenoua tissue. Until 1921 many unsuc- 
cessful attempts were made to obtain pancreas 
extracts which would be active by oral admini- 
stration or by injection to diabetica. These 
failures may have been due to the destruction 
of insulin b,y the proteolytic enzymes of pan- 
creatic juice which are present in acjucoua 
extracts of the whole gland . On this assumption 
Banting and Beat (J. Lab. clin. Med. 1921-22, 7, 
251, 464) ligated the ducts in dogs, thus bring- 
ing about the degeneration of the zymogenoiis 
tissue. The dogs were then killed and their 
pancreas ground with sand and Ringer’s solution. 


benzoic acid replaced the insulin, which was 
recovered bj’ evaporating the alcohol and ex- 
tracting the aqueous insulin solution with ether 
to remove excess benzoic acid. 

Oudley (Bioehem. J. 1922, 17, 27(i) purilied 
crude insulin by precipitating the active matonul 
from aqueous solution by picric acid and subse- 
quently regenerating the liydrocliloride from the 
pieratc by alcoholic hydrochloric acid. 

Riua’ A RATION. 

A typical method of preparing insulin is that 
employed by the 'foionto ivorker.s, Scott and 
Parker (Trans. J{ov. Soc. Canada, 1932, [iiij, 
26, V, 311)^: 

l(K) Jl). ol'licsli ox pancreas ficed from excess 
fat and connective tissue are cooled tc) 4'’o. as 



H(K»n poHsilde after slaughter. The glands are 
miiu'ed and dropjied into 2r) gallons 9r)‘*', alcohol 
(ctliyl, denatured 'witJi iiu'lhyl alcolml), 

5 gallons water and 1,200 ml. cone. HCI. The 
mixture is agitated lor 1 hour and then allowed 
to stand overnight. Tlio liquid is then drawn off 
by eentnluging and tlie residue re evtraeted 
with an amount ot OO'^o alcohol ecpial in voliimo 
to the liquid removed during the centrifugation. 
The rombined extracts are adjusteil to pn H 
with ammonia, liltercd and the liltrate re- 
acidilied by adding 140 ml. of eone. H^S 04 to 
each 50 gallons of solution 300 gallons ot siicb 
acidilied filtrate are evaporatcil to about 40 
gallons in a vacuum still at a vapour temperature 
not exceeding 25"^. Alter ilistillat ion, the eoii- 
eentrate, at pn 2, is ciiiickly heated to 50' aiul 
filtered to rtmiove the eoagulat(‘d lipoid. Alter 
filtering and cfioling to 30*'’ the active material 
is then salted (;ut by the addition of sodium 
ebloiide to ii ronrentration ol 25^!^. 'I'lu' crude 
protein from (100 lb. punereas is tlieii dissolvj'd 
in 30 lilit's ol water and reprc'cipitati'd by 
sodium ehloriiie at a eoneentration of 15%. The 
j>r(‘(‘ipitate, weighing about 150 g , ih readily 
di.ssolved in 5 litr(‘S water eonUining 10 ml. ol 
s -HCI. Tncresol to 0 :i% r onei'niratioii is 
ridiled to four such combined lols of solution, 


The extract was healed uiul the liquid lilteied 
and when injected into dcparuTcatisi^d tiogs 
produc('d fa ra])id deercase in glyciemia oi 
glycosuria. Banting anil Best also succeeded 
in prejairing active extracts from (letal calves’ 
jiaiKTcas at/ a stage before the fifth month of 
gestation w’^hoii the endocrine insulin secretion 
IS already active wliile the exocrine enzyme 
secretion has not yet been formed. In certain 
fishes {Teleohlvi) the islet tis.suo oernrs apart 
from the zymogenous tissue and Macleod 
(J. Mctab. Research, 1922, 2, 149) prepared 
active extracts from this tissue. 

The use of aqueous alcohol by Collip (J. Biol, 
Chem. 1923, 55, xl-xli) and aqueous acid alcohol 
by Hoisy, Somogyi and Shaffer {ibid. 1923, 56, 
xxxi), made possible a commercially practicable 
process for the production of insulin from whole 
ox-pancreas. Salting out and isoelectric preci- 
pitation of the insulin protein to the partial 
exclusion of other proteins provide methods of 
purifying it. Moloney and Findlay (J. Chem. 
Physics, 1924, 28, 402) adsorbed insulin on char- 
coal and then digested the charcoal with benzoic 
acid in 60% alcohol. The more easily adsorbed 


tin* reaction is adjusted to 5 by lulding 
5N.-NaOH and the mixtuie is kept at 2"' for one 
week. The active preripitato which .separaL^.s 
is reiiiova‘d and dissolved in 7 litres ol dislilled 
water coiitairiing sufficient H.^SO^ to make the 
reaction 2. To tliis liquid 4 vol. of absolute/ 
alcohol arc juldcd slowly with stirring. After 
standing at room temjierature for 2 days, the 
precipitate is separated and rejetted, and to 
every 0T» litres ol liijuor are added 3 5 litres t)i 
absolute aleohol and 10 litres of (*ther. Ihi! 
])reeipitated insulin, after standing with the 
solution at room temperature for 2 days, is 
removed, di.ssolved in H litres of distilled water 
ami the solution adj listed to 5. The resulting 
active precipitate is removed and dissolved in 
IG litres ot ilistilled water containing enough 
HCI to make the reaction of the solution Pu 2 H. 
This solution is sterilised by means of a Seitz 
filter and the potency assayed. The yield of 
insulin is about 2,000 units per kg. pancreas, 
but varies according to the quality of pancreas 
employed. 

^ A more recent ineUiod is dcsoribed by Roi^iis, 
Scott and Flahcr in lud. Eng. Chem. 1940, 82, 908. 
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Crystalline Insulin. -Ahel (I'loe. Nat. 
Aead. Sc'j H)2li, 12, l.‘{2) first desenheO eryst.al- 
line jtiswliii which lie olitaineil in th(‘ form of 
niKTOHi o]»ie rhonduilK'dra hy dissolving iiisnlm 
in wc“ak acetic acid and removing eontanunating 
iinpurities by jiieeifiitation wit h briieiiie. Af(.<‘r | 
adding M./O jivndiiu* to the dear solution tliere 


\iaK proilueed on standing a jireeipitatc of 
crystalline and amorphous insulin. Harington 
and Scott (Bioehein. J. 1929, 23, 1184) described 
an impro\'ed method of preparing insulin cry- 
stals by the use of saponin and preeipitating 
with ammonia. 'I'he crystalline insuliiiB obtained 
liy Abel and by Harington nnd Scott using their 
ow'ii arnl Abel's method w'^ere submitted to earedul 
assay by (’ulUane, Marks, Seott and Tie van 
(ihui. 1929, 23, .‘{97), using different method.s ; 
the results showed variation according to the 
method used from 20 to 27 international units 
Iier mg. 

Insulin salts such as hydioehloride, sulphate, 
yiierate have not been crystallised but are 
n*adily obtained as amorfihous pow'ders. Scott 
{ibid. 1934, 28, 1592) tound that the crystals 
contain zinc and that traces of salts of 
7ine, cadmium, nickel anrl cobalt facilitate* 
eiystallisation and showed, nioreovQr, that 
eleetrodialysed insulin of low' ash eonte^it could 
not be induced to crvstalhsc witluiut the 
addition oftiac(‘s ortliesi* metals. Ht* elaborated 
a method ol eiystallisation by adding insimn to a 
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phosphate bidhT containing lO^o acetone and a 
Halt of zinc, the insulin concentration in the ini.v- 
ture being about ; adjustment of the 

mi.vtiire to (J reaidted invariably iii pro- 
duction of crystalH or crystals and amorphous 
insulin (in the latter case the crystals can be 
separated from the amorphous by gentle centri- 
iugaliHing). 

8cott (Trans. Roy. Soe. Canada, 1032, [hi], 
26, V, 275) succeeded in obtaining two forms of 
crystalline insulin, a wedge-shayied form from 
aqueous acetone acetate buffer at 5-2 and 
the more usual rhombohedra from the same 
procedure at 6. The crystals were identical 


in composition anti potency. Insulin is, fheio- 
ft»re, diniorjihoiiH. 

Physical. — Insuhn hydrochloride forms a 
white jiow'der, noii-deliquescent and readily 
.soluble in w'ater. Adjustment of the aqueous 
solution to Pyi causes the formation of an 
isoeleetrie precipitate which Wintersteiner and 
Abramson (J. Riol. (3iem. 1933, 99, 741) 
found to have a constant solubility in M./30 
acetate buffer at pjj 4-8-G-5 ol 0*0004%. The 
isoelectric precipitate is readily soluble in all 
acids and alkalis although high concentrations 
of the former reprecipitate it with loss of 
potency. Crystalline insulin dissolves readily 
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in dilute aeid and with difhoulty in alkali. 
Insulin is soluble in jiIutioI, cresol. foniianiide, 
strong acjueous solutions of amides, anhydrous 
licjuid ammonia and mjueous acetone and alcohol 
belon It is insoluble in ])vndiiie, alcohol, 

<oetone, etluT, ebloiof(»rm, ethvl acetate, xylene, 
lamzene, toluene, pro])yl, biit\l and am\l 
alcohols, ])etroleum and most other anbydiou^ 
or^anu sohents. High tempcM'atures in a(|ueoiis 
solution cause inactivation and it is inoie un- 
stable in alkaline than in acid solution. Heatinj^ 
to 100 111 the dr\ state has little efteet. Ac cord- 
in^ to Kro^h ami Heminingsen (Biochem. .1. 
Itl28, 22, 12111) the half-liie jieriod oi msidin at 
4 at \anous temperatures is : 
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H.ill-lilc period 

4d^ ! 

b immtiLs 

30' 1 

2 years 

20' ! 

10 ' ,, 

JO i 

ob 

0 ■ 

377 

Jnsiibn (!()(''. not (Irnhsi* 
lodion im'inbiaiies. 

leaiblv tlirmiLdi 


In Holiition, insulin is he\ o-rotatory. the 
decree t»f rotation depending on tlu' reacticui of 
the medium, thus : 


Mciiiiu»\ 
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Insulin luiN a charaili'ristii' absor])lion band 
lying beluetai 2,000 and 2,!)00\. uhich has been 
ascribed to tin* , \ stint* ami tyrosine (“ontent. 
I’ltraMolet light ot \anous a\ I'-lengt hs in the 
firestmce ol owgen imictix alt s insulin Cron - 
lt)ot (Nailin', I!t3.'), 135, o!)I) by A'-riiN photo- 
gra])hs ot single insulin t ryst als slum I'd tli.il they 
had siiuplt' rhombohedial cells with a 44-3 \. 
and a =llo’. 'i'heir ilensily was iound to bt' 
1 30t). Tilt' crystal unit cell coiitains 1 mol. ot 
insulin only and (‘aeh molt'ciili' is suridunded by 
eight tdhers, one eaeli at 30 v. abo\e ami Ix'lou 
along the trigonal a\is ami siv at^ Ita. along I lit* 
edges ot the primitne rhombolietlioii. lusuliu 
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is adsorbed from water In fuller's earth. ( har- 
eoal, katiiin, benzoit acid, salicylic aeid and 
aluminium hydroxide 

Chemical. — Isoelectric or ervHialJine insulin 
tan be converted into the hydrochloride or sul- 
phate by dissolving in dilute hydioehlorie or 
Hulphurie aeid and adding 10 vol. of acetone, 
when the salt separates as a floeeiilent white 
preeipitate. (Jrystalline insulin exhibits the 
usual properties of a protein giving the biuret, 
Millon, Bauly, ninhydrin and xanthoproteie 
reactions. It does not contain phosphorus, 
however, and the tests lor tryptophan and carbo- 
hydrate are negative. On heating, the erystals 


! till 11 hrow'ii at 210 am) inell with ileeom position 
I at 2.33‘ . Afiart from its zone of insolubility in 
I a(|ueouH solution from 4-5-(), insulin nuiy be 
precipitated from solution by all the usual 
protein iireeipitants such as lucnc, tannic, 
tlavianie, tungstic, triehloroaeetu , phosjiho- 
tungstic and lieineeke’s acids, heavy nu'tal 
liydroxides, etc. It may be salted out of acid 
solution eomjiletely by half saturation with 
nciitial salts such as sodium chloride or am- 
monium sulphate, and in this respeet more 
closely resembles a globulin than an ovalbumin. 
Attention has recently been directed to the 
precipitation of insulin in neutral solution by 
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basic HubstaneeH such as histones, protamines or 
their (iegradatic)n products, and by spermine and 
guanidine derivatives in atU'.mpts to yiroduce 
complexes having more prolonged hypoglycfemic 
action. 

The nitrogen and sulphur contents of crystal- 
line insulin arc variously given as 14-4-1 5-4% 
and 3 ir)-:l-44% respectively. Miller and du 
Vigneaud (J. Hiol. Chem. 1*937, 118, 101) ac- 
counted 90% of the sulphur as present in 
c\Htinc when the honnrinc was hydrolysed by a 
mixture of formic and hydrochloric acids, while 
previously with ordinary hydrochloric acid 
hydrolysis it had been possible thus to identify 
only three-fourths of the total sulphur. Sullivan 
and Hess {ihid. 1939, 130, 745) showed that 
rccrystallisation of insulin from an ammonium 
acetate-yryridine buffer, while leaving the total 
sulphur content of the compound unchanged, 
affects a part of the (3^stine components in such 
a waj- as to lead to losses of sulphur in volatile 
form during hydrochloric but mrt hydrochloric - 
formic acid hydrolysis. Insulin recrystallised 
from a phosphate buffer showed no such evi- 
dence of labile cystine. No difference could be 
detected in the physiological assay value of the 
two products. Scott and Eisher (Bioehem. il. 
1935, 29, 1048) found 0-52% of zinc in cr^^stallmo 
insulin, corresfionding to 3 atoms of zme per mol., 
assuming a molecular weight of about 37,000. 
Cohn tl al. (.). Amer. Chem. Soc. 1941, 63, 17) 
have used radioactive zinc to jirepare insulin 
crystals so that analysis of zinc content could 
be carried out with reasonable accuracy on 0 2 g. 
After rcjicatcd ecpiilibrations with coinluc(i\ ity 
water at reactions between 5 and 0-4, w hich 
wouhl b(^ expected to removi- occluded zinc 
salts, a zinc content of about 0 3% corresponding 
to 2 zinc atoms per mol. was ohtaiiK'd even from 
crystals containing initially 0-(i% zinc. Nahyiin 
(J. liiol. Chem. li)41, 138, 487) has. howi-vcr, 
described a crystalliiii* insulin with a zinc content 
of only ()■ 1 5”(^. 

When insulin is licatcil in N./IO HCI at 100", 
a ilocculent inactive preciyutate forms which is 
.soIuhl(> in dilute alkali at yijf 11 and then legHirus 
its solubility in acid and also H0”() activity. 

Inactivation of insulin is hroiight about, hv' 
HCHO, strong acids and alkalis, dilute. HNO,,, 
N,/2 NHjOH, N./lO NaOH, acc'tic anhydride, 
0-75 n. HCI in 75% EtOH, cysteine, glutathione, 
thioglyeoUic and thiolactie acids, H^Og, 

Na2S*03, K3Fe(CN)6, H^S, HgS", diazo- 
methane, Na and Mg amalgams, Mel, leuco- 
Methylcne Blue, h^^drocyanie arid, ketene, 
ascorhie acid and cpiinol. These reagents may 
bring about inaetivation by either : (1) re- 

duction of the disulphide groups ; (2) estenfi- 
l ation or aectylatioii of the amino-, iiiiino- or 
phenolic h^-drox^’^-group.s ; (3) hydrolysis of 

peptide bonds ; or (4) destruction of amino- 
groups, e.g. by HNO2. Reduction by specfic 
reagents of — S — S — groups, as in r^^stine and 
glutathione, irrcversibl^’^ inactivates the hormone 
and in proportion as SH groups are sot free, 
although the degree of inaetivation increases 
much more rapidly than that of rtnl notion. The 
reduced insulin has also lost the eharaeteristie 
heat -precipitation reaction. Insulin may be 
acetylated with acetic anhydride in the cofd 


(Freudenberg et al., Z. physiol, Chem. 1928, 175, 

1 ,- 1932, 213, 241), producing an inactive sub- 
stance which may regain a large part of its 
activity on hydrolysis with dilute alkali. More 
recently. Stern and White (J. Biol. Chem. 1937- 
38, 122, 371) have shown that the interaction of 
ketene and insulin produces aectylation of the 
amino-groups only, with no inactivation if th(‘ 
time of contact is short. Aft^cr this, the phenolic 
hydroxy-groups are acetylated with loss of 
activity. Carr et al. {ibid. 1929, 23, 1010) found 
that insulin became inactive when allow^ed to 
stand in acidified alcohol for several hours and 
was partially reactivated by dilute alkali. In- 
aetivation also occurs with other solvents such 
as acetone in the presence of hydrochloric acid 
so that the process may be duti to a reversible 
intramolecular rearrangement (Scott and Fisher, 
ihul. 1935, 29, 1050) rather than to esterifi- 
cation. Hydrolysis of peptide bond)? hv acid.s 
or alkalies leads to irreversible ihactivation 
aeeompanied by a decrease in c\"8tinclor amino- 
nitrogen content or both. Revcrsilwe inacti- 
vation is generally produced Iw reactions in- 
volving a blocking of the amino- or' phenolic 
groups. I'lie hypoglycfemic activit y of insulin is 
thu.s apjiarcntly associated wdth certaii^ ditliio-, 
phenolic aiuJ probably amino-groups which arc, 
iiow'ever, fourul in most proteins. The activity 
is oithiT a property of the molecule .is a whole 
or is due to sonic labile unit w liii h lia.s hitherto 
oseaiied detection. 

Enzymk Actio.n. 

Irreversible inactivation is produced 1)\ pepsin, 
tryp.sin and papain, but not hv" tryjiHin-free 
crcpsiiijiion-activated kinasc-froc tiypsin; ammo- 
polypcptidascs, dipeptidase, iirotaminases or 
cai boxy poly peptidases. Any pioteolytK- or other 
(Icgradatioii with a view'^ to obtaining a smalk-r 
inokM-iile with the same physiological actions 
has alwa^'^s rcsulfcd in less activity. 

]laMiigt>on and Neuberger {tfnd. 193fl, 30, 899), 
from results of electrometric litral ions in .iipicous 
and 80% alcohol solutions, deduce that insulin 
has an acid-bindmg capacity of 43 I 2 groups 
per mol. and a base- binding capacity of 1)0-70 
groups per mol. 

Iii.sulin has been found to have a rnolecubir 
weight of 35,000 and 37,000 by ulLia-centiifugal 
and JC-ray ni(‘asureinenta respectiveh" with a 
spherical molecule of the ovalbumin typ(‘. 

The following table, h^^ du Vigneaud ((!ohl 
Spring Harbor Monographs, 1938, Proteins, 
p. 279) of the distribution of amiiioacids and 
other constituents is based on Bergman’s theory 
of the presenee'of 288 mol. of amiiioacid in the 
Svedberg unit of molecular weight 35,100. 

Wrineii (T^roc. Ro,y. Soc. 1937, A, 160, 59; 
161, 505) in her eyelol theory suggested that the 
arrangement of these 288 residues in a closed 
cage molecule in the form of a truncatcfl tetra- 
hedron may be the appropriate structure for 
globular-type proteins like insulin, pcrpsiii and 
egg albumin of molecular weight 35,000. 

Phy-siolooical Action. 

Insulin when injected lowers the blood sugar 
and, if the dose is large, may cause hypogly- 
esemic coma, convulsions and death. Intra- 
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\ (.‘iKMir- I loj) ])i()(hio('.s llic' (jui( ke.sl T(‘,s|)()iiso, ol ainm.ils Id iiiMilin. liiMilin itijccl idii ])!•(»- 
and tlicij "iilx id ,in('(ms, M\i\\ ird i.iHu'cal and voki'.s a i.ill in IxmIn i('ni]M‘iatiM(‘. Hniissav 
Miltarac'liiidid t Iic' HIn^v(^st . AHluaiLdi d(‘i)i‘('.s.sinii (New Hnul.iiid .1. iMi-d 214. !Mi|) loiind 

of blood siiLr.u cold III IK'S fdi scvcimI lionr.s aftci 1Ii.l( diabeta s\mi)l(>nis lollowini; jiiiiicrcMliM - 
ird I a venous iii)eetion, A'l't only ld‘\, ol tlie loiiiy weio i oiisid('i,il)j\ aniclioraled l)\ li\po- 
insulin iciiiainM in llie lilood allt'i r)() niiiiiitcs |»liv si'cloni} jiei Iotiui'iI ed lii'i IxdoK' or ,illi'i llie 
For small doses in laldiils ^ bodv n-inoxal ol llie ji.'inerciis. \oiin|^f (ka,ijecl, IDIlT, 

weight) tin r.ilio df»se/lall in hlood suLnir is ii, 1172) has found that injection of an anli'iior 
logcirithniK . .Mae sIkuv Idth' losjxmse at I.H pdiutarv diahelogenie (‘xtvai t into dogs piodiicc'^ 
hid go into con\ iiLsions at HO". '^Ida' sjieed of ri (onddion siimilating human diiihi'tc's, and 
action (d insulin is dependent on the inetaholu liirtJier (Marks and \ oiing, tbid. l!Md, i, -JlKl), 
rate of the .iriiin.d itself. Frogs react \ (‘ly slow ly that a “ pane reolro pie ” extract fuepareil in 
to doses of insulin. Insulin jnodiiee.s hypo- anotlu'r way troin the same gland jirodiiei'd on 
glx eiemia hut no eoiiMilsions in the fowl. In mjci tioii an merease in the insulin content of r at 
man sMuptoiiis ineliidi' luingei, fatigue, luental ' 
ilistress and deliimin, and m eats salixation. 

Iteerease^ in sugar of lyni])li and eeiiduosjunal 
Miiid aie also recoided. Insulin secretion occurs 
eaily in hetal life, fiijc'ction of iiisulm causes 
inc-rea.ses in .leidity and ehloiide content of 
gastric puce in normal liiiinans Ihigg.s vl nl. 

(-1. Ihol. Cdiem. ]02[h 58, 721) showed (hat insulin 
caused a decTcaise in c oneentration of blood- 
jihosphorus and -potassium ni animals, and 
Kay and Rohisoii (Rioehem. .1. 1I121, 18. li:i!»)ltlK‘ hvdroc hloride hy suheutaneous mjc'etion 
coneliide that insulin brings about synthesis ot | Intravenous or other paTenteial injections, 
esters of pliosphoric arid m the eorpuscdc’s from howevei, jiroduee a blood-sugai-lowc'ring c.'lfc'ct. 
the blood-glucose and inorganic phosphate. The The recpiircmcnts vary widely in dilTi'ienl- eases 
blood of depanereatiscal animals contains 10 20 of diabetes and normally range fiom T) to 100 
time.s as much acetaldehyde a.s normals and in- units jier ])er.soii administered daily in 2-:{ 
jeeiicins of insubn restore it to normal. Insulin injc'etions. Ailemjits made to cjhtain insubn 
eounteraetH adrenaline liyperglyea*mia and preparations whieh eould be given by mouth or 
vSimultaiieouH injections of insulin and adrenaline as inuiudions liave not proved Hueeossfid. Sinc\! 
may produce no change in blood sugar, msiilin is destroyecl by proteolytic enzymes, oral 
Bilaterally adrenalectomisod animals are hyper- administration must bo designed to jiroteet it 
sensitive to insulin. Burn (J. Bhysiol. 1923, 57, against the digestive ac tion of pepsin and trypsin. 
318) found that pituitrin reduced adrenaline In general large amounts of insulin mixed with 
hyperglycajmia, but found an unexpected alkali-, oil-, saponin- or trypsin-inhibiting sub- 
antagonism to insulin action by pituitrin. Burn stances have some slight effect when given 
and Marks {ibid. 1925, 60, 131) found that orally, but this medhod of administration remains 
thyroidectomy greatly increased the sensitivity | uncertain. Ointments of insulin and lanolinc 


priiicrc.i.N. I Jii* luji' Jiiniiiiii jm » 

livclratc- inetaholism is still ohsciirc' tlioiigh .i 
sjjc-eilie in I'lho cdlec t has bec'ii clc'serihed by 
Kic bs d al (IhoelK'ni .1 1938, 32, 91.3) where 
the- c»\idatK)n of c itrie aeui by jugi'oii lireii.''! 
iini.sc le i.s c.it.ih tjcally iiic rc'.isc'i I bv insulin. 


Adminjstuatjos ok iNSri.TV. 

Insulin IS uHUfillv admiiiistcTed in solution as 
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have little* cff'ft't on an intact akin, whereas a 
recently abraded skin allows appreciable absorp- 
tion to take place. Insiiliti may be applied to 
the mucous surfaf-e of nose and mouth with 
slipht action. Administration by the oral route, 
by inunction or by cndonnsal application re- 
quires large Hmounts of insulin and does not 
permit accurate quantitative dosage. 

Atti'inpls liavc been made to prolong the 
H(*tion of insulin ))y retarding its ab.sorption 
when injected (1) as an oil suspension or eniul- 
sion, (2) with a \ usoconstnetor substance, and 
(II) ns an insulin compound s])aringly soluble in 
liody fluids. The last has proved very suecesa- 
fid. Ilagedorn et al. (.1. Amcr. Med. Assoc. 1930, 
106, 177) showed that insulin may be combined 
wilh some basic grouj) so that the compound 
may have its isoelectric point or zone of in- 
solubibl V nearer to the reaction of tissue lliiids 
than that of insulin itself. Kyrin, histones, 
globins and jirotaniiiies w'orc tried but only the 
compounds of insulin and piotamines were found 
to have siifticienily low solubilities at />,! 7 
In particular the comjiouiid of insulin with the 
])rotamin(' derived from rainbow trout, *SV//w<o 
iro/ci/s, was found to have the very low solu- 
bility of 10“'^ in water at J)^ 7-3. The amount 
of protamine combining with insulin is about 
1:10. Injections of the insulin -protamijio sus- 
pension have a considerably jirolonged action 
when compared with insulin hydrochloride 
{Scott and Fisher (.1, I’harni. Exj). Ther. 1930, 
58 , 78) further showed that when a small amount 
of zinc (1 mg. per TitK) units of insulin) is added 
to an insulin solution prior to the addition of 
jirotamine, the hypoglycfemic action of the 
resulting suspension is even more ])roloiig(*d 
than that of protamine-msulin without zinc. 
Thi.s protainiiie-zine-insiilin siispi'nsion i.s noAv 
frequently administered in preference to in.sulin 
hydroi'hloride, since one single daily injection 
of the Hiisjiension each morning may control 
glyeaunia and glycosuria where 2 or 3 iiijeetions 
of hydrochloride were previously required. 

ParkcH an<l Young (J. Endocrinol, 1930, 1 , 
108) have reported that the implantation of 
pellets of solid crystalline iiiHiiliii has a pro- 
longi'd action, insulin has recently been iisofl 
with sueeesH in the “ shock ’’ treatment of 
catatonic stupor and sehizophrenia in which 
n coma- producing dose is given (Dussik and 
{Sakcl, Z. ges. Neurol, u. Psyehiat. 1936. 155 , 
351). 

Standabiiisatjon. 

Despite w'hat is known of the ehemicnl nature 
of insulin no chemical property or properties can 
be used as a true criterion of poteiiey. K\ en its 
crystalline form is not necessarily a criterion of 
homogeneity, since crystals have been obtained 
of potency 70% of the standard. In 1935 the 
League of Nations Health Organisation adopted 
as standard a sample of insulin rc'crystallised 
10 times under the euiHTvision of Dr. Scott at 
Toronto. To this pure insulin there has been 
attributed after numerous biological tests in 
different laboratories the value 22 units per mg. 
All insulin is assayed in terras of this standard 
which has been distributed to various centres 
throughout the world. AH the methods of 


assay are, therefore, biological. In the rabbit 
test the animals arc divided into two groups, 
one injected wilh the standard and the other 
wdth the unknown. Some days later the test 
IS repeated with the same animals but with the 
groups reversed. The reductions of blood sugar 
ill the rabbits injec ted with the standard insulin 
arc then compared with the reductions produced 
by the sample of unknown potency. In the 
mouse test, carried out in a thermo.stat at 38'’, 
the number of mice sent into convulsions by a 
certain dose of the solution to be tested is com- 
pared with the number convulsed by varying 
doses of the standard solution. The assay of a 
suspension of jirotamine-zinc-insuiin made* from 
a previously standardised insulin solution by the 
addition ol zinc and protamine is earned out on 
rabbits against either a standard protamine-zinc 
insulin-suspension or against an ordinary 
standard insulin hydrochloride solution, the 
shape of the prolonged-act ion curve falling wuthin 
certain prescribed limits. ' 

\T F. 1). 

INTERATOMIC DISTANCES. -The 
distances heiwi*cn the atoms in a molocule may 
be determined by two entirely djffen‘iit Vnet hods, 
generally know'ii as (r/) the spectroscopic^ method, 
and (b) the diffraction method. Each Vf I 111- se 
general methods may be subdivided. The first 
of the speetroseopu* methods is basi'd on the 
evaluation of the moments of iiieitia of the 
moleeiib* from the fine structure in the inob*ciiIar 
pectruin due to the rotation of the molecule; 
the second is based on an empirical relation 
betw'een the interatomic distance (or bond) in 
qiii*Htion and its associated foiee constant, thi^ 
latter being deduced from the vibrational fie- 
quencic‘s m the spec! rum. In this aitidc* these 
two spectroscopic methods w'lll be denoted by 
the respective symbols Sj and Sg. The first of 
the diffraction methods is based on the theory of 
the diffraction of A'-rays hy a crystal lattice; 
tlu^ second is based on the theory of the dif- 
fraction of electrons by a gas. It is possible also 
to obtain interatomie distances by the diffrac- 
tion of A -rays in gasi's and the diffraction of 
electrons by crystals, but the aeeiiracy in each 
ease is very low and these methods need not bt^ 
considered. The two diffraction methods will 
be denoted by Dx and Du according a.s A-rays 
or electrons arc being diffracted. 

The Sj method is ajiplicable when the in- 
dividual rotation lines of the speetnmi can be 
resolved, and is by far the most accurate of all 
the four methods, the error being generally less 
than 0 001a. Unfortunately this method has 
not a wide range of applicability, for the rotation 
lines become irTOre difficult to resolve as the size 
of the molecule increases, since the spaeings 
between them depend on reciprocals of the 
moments of inertia of the molecule. Moreover it 
is obviously not possible to determine all the 
interatomic distances and angles m a complex 
molecule from a knowledge of the three moment s 
of inertia. This last difficulty may be overcome 
to some extent by using different isotopic forms 
of the same molecule and by making assumptions 
regarding certain of the interatomic distances 
and interbond angles well established from other 
molecules. 
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Tlui Sg method is only applied when the 
rotational Htrueturc of the Hp(‘c tnim ih smeared 
out, either heeause the iiiomentH of inertia of 
th(! moleeule are very largj* (around 100x10^*® 
p. em.®) or heeause the molciulen are not in the 
^aMCOUH Htate. iJy using only the vibrational 
structuro ol t he speetrum it is possible in many 
eases to deduee the values of the foreo constants 
which characterise the resistance of the various 
bomls in the molecule to stretching. Denoting 
the force (onstant of a bond by kp then the 
restoring force brought into play when the bond 
is stretched by an amount x from its equilibrium 
value is A>.r, and it has been found that ke can 
be related to the equilibrium honrl distance, 
by various empirical formuhe. 'J'he ooristants 
in these formuhe depend on the jjositions of the 
two atoms in the periodic table and are deter- 
mined from molecules investigated by the 
method. The formula? can then bo applied to 
more i-ornplex molecules to estimate interatoiine 
ilistanees with an error varying between 0 01 
and 0-or)A. Alt, hough this nudhod does not at 
])re8cnt ])osHeHS the accuracy of the other spectro- 
scopic method, it has a jiolcntially mudi wider 
field of apfilieation. 

The Dx method depends on the fact that a 
crystal acts tow’urds a beam (if .V-ra\ s as a three- 
dimensional re(l(‘etion grilling and that the 
n‘flulting ditlraction ])alt(‘in can he (omfuited 
from the relative positions ol the atoms in the 
lattice and a knowh'dge of their scattering 
pfiwers. It is not ])ossil)le to eomjmte tin* posi- 
tions of the atoms in the lattice diiectly from the 
X-ray jialtern although recent developments 
have made it juissible to locate tin- heavier 
atoms in a structure The probable (‘iiors in this 
method lie between 0 01 and 0 05a. except in 
eases wherti the interatomic distance is deter- 
mined directly by the si/a* of the unit cell (c.y 
diamond) when it may he reliable to (t-OOlA. 

The Dk method sufTers from the same dis- 
advantages as the Dx method, in that the inter- 
atomic distanees cannot be deduced directly from 
the ililfraction pattern of the electrons aftei 
passing through the vapour of the eompoiind. 
The patterns to be expected from various models 
of the moleeule can be eoriqnited and h\ trial and 
error a model is arrived at which gives the eor- 
re(;t diffraction jinttern. The accuracy of this 
method is much the* same as that ol the X-ray 
method, an average figure for tlu* error being 
OO.Ia. It should he added that both the 
diffraction methods are practically useless in 
•locating hydrogen atoms. 

In the preceding chart have been eoUeeted 
most of the interatomie distances for atoms in 
the first two periods for which reliable values are 
now available. Below each distance is given 
the moleeule in which this particular distance 
W'as found, and below that a sjmibol (defined 
above) indicating the method employed in the 
determination. In parentheses below^ each 
atom is given the Pjfiulmg- Muggins covalent radius 
for that atom. According to Pauling (L. Paul- 
ing “ The Nature of the Chemical Bond,” 
Ist ed., Cornell University Press, 1939, p. 153) 
any single bond interatomic distance can be pre- 
dicted by taking the sum of the relevant covalent 
radii ; for a double bond this sum should lie re- 


duced by the factor 0-87, and for n triple bond, 
by the factor 0-78. Interatomic distanees which 
lie between single and double bond, or double 
and triple bond distances are then taken to indi- 
cate the existence of two or more if\sonating 
structures for the molecule. Thus the C — C dis- 
tance in benzene is 1-39a., compared with a 
single bond distance of 1-54a. and a double bond 
distance of 1 -SSa., indicating that resonance exists 
in benzene. However, the Pauling-Huggins radii 
arc not reliable enough to be ap})lied generally 
in this way and modifications have recently been 
suggested by Sehoniaker and Stevenson to take 
account of the electronegativity of the atoms. 

The distances given in the chart wTre com- 
piletl from the following sources, which should 
be consulted for further details, and for inter- 
atomie distances between the heavier atoms: 

Spvcir(h'ivop)( (1. HiTzberg, “Molecular Spec- 
tra of Diatomic Molecules,” Prenti(ce-Hall, 
1939; Articles on Speetroseopy by (I. B. B. M. 
Sutherland (Chem. Soc. Annual Bej). tir 193(i 
and 1938) ; Papers by Herzberg, Donbas and 
others on 02* BH, BCI3 and P2 (C’anad. . 1 . 
Res. 1949 and 1941); N II. Davidson. 'A A. (\ 
llugill, H A Skinnei and L. E. Sutton (q^rans. 
Eaiadav' Soi . 1940. 36, J2l:i) for Al — A'^ and 
Al — C distane(‘s. ' 

Electron I )iffract ion Urview article by L. R. 
Maxw'cdl (J. Oj)t. So(‘. Ainer. 1940, 30, 375); 
\. S( homaker and I). P. St(‘vensoii, on some 
revised values of the covalent radii (J. Amer. 
(liem. Soc. 1041, 63, 37). 

X-ray and General. — L. I’anling, “ The 
Nature of the (’hemieal Bond,” Uoinell Uni- 
viusity Press, lO.IO ; R. B. (\)rey, on interatomic 
distances in protions ((^hem. Reviews, 1940, 26, 
227). G.B B.M.S. 

INTERFACIAL ANGLES. The contact 
angle 0 (tig. 1) between a liquid and a solid 
surface i.s defined as the angle, measured in the 
Inpiid, at vvhi(h the lK|iiid rests in contact with 
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the solid. By resolving the suifaee tensions 
parallel to the solid surface, it is seen that 

ysA ysL+VLA <'os 8 . (1) 

ysA' ysL* VlAi being the solid-air, solid-liquid, 
and liquid-air tensions. If (1) is combined 
wuth the well-known equation of Dupre^ which 
gives a necessary relation between the surface 
tensions and 1 Vbl> the “ work of adhesion ” 
between solid and liquid, or the work required 
per square centimetre to separate solid from 
liquid, against the adhesive forces between them, 
we have 

ff'hL = yLA+yHA — VsL • (2) 
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We also have what is now’ usually known as 
Young’s equation (3), iliseovcred by Thomas 
Young in 1805, 

W'sL -m(Lf eos d) . (3) 

This equation shows what are the essential 
forces which determine the magnitude of 
the contact angle. If Ihe work of adhesion, 
ITslj equals (or exceeds) which is the 

work recjuired to break a column of the liquid 
of 1 sq. era. cross-section, or the “ work of 
cohesion ” of the liquid, the contact angle 0 
must be zero. The angle will be JK) ’ if the ad- 
liesion of the liquid to the solid is just half that 
of Ihe liquid for itself; and if the adhesion 
between liquid and solid could lie diraiiiished 
to zero, the contact angle would become 180"; 
this is not, how’cver, possible. 

The term “ wetting, ’ of a soliil by a liquid, 
which has always been recognised as inlirnat ly 
connected with the contact angle, is now^ usually 
defined as follows : if the eontact angli* is zero, 
the wetting is complete or perfect; il the eon- 
tact angle la finite, wetting is incomplete or 
impcricct. More loosely, surfaces are sonu’- 
times said to be unwelt.able, oi to rejud walei, 
if the contact angle is large. greatiT than 
90"; there is alw^ays, however, sonic* dc*gi(‘e of 
adhesion between any solid and any licpiid in 
eontnet with it. If wetting is perfect, the* lH|md 
spreads easily in a film o\er the whole snrlaee ; 
if wetting is imperfeet, the Jicpiid gathers itself 
into separate drops and loi a given cinantity of 
li(]uid the area of contact of the drops w'lth the 
solid is smaller the greater the eontact angle 
and the poorer the wetting. 

Contact angles much greater than 90" arc* | 
rare ; paraffin wax and water form an angle of , 
about 105", W'hieh is about the largest eontact 
angle ever found between an organic substance 
and water. This large angle is due to tlie ad- 
hesion between water and the hydrocarbon 
groups forming the surface of the wax being 
rather small, while the surface tension of water 
IS unusually large, and eoiisequently the adhesion 
of the water to the wax is vewy much less than 
the cohesion of the water. Jacpiid metals form 
a very high contact angle with glass or silica ; 
mercury ordinarily rests at about 140°, though 
the angle depends a good deal on the condition 
of the glass, and may occasionally become acute 
if the glass be carefully baked out under high 
vacuum. These high angles are due to the 
e.Kceptionally high surface tension and cohesion 
of metals ; their surface tension is usually 
jv'veral hundred dynes per cm., and may exceed 
1,()(K.) dynes per cm., so that the cohesion of 
metals is much higher than their adhesion to 
almost all surfaces, except to other clean metals. 

Contact angles are extremely sensitive to the 
state of the solid surface. It is possible, by 
depositing a layer of oleic acid on clean glass, 
which is perfectly wetted by water, to reduce 
the adhesion so much that the contact angle 
rises to about 90°, and the surface is thus changed 
from a strongly hydrophilic to a hydrophobic 
surface. Sometimes small amounts of water, or 
other liquid, can soak into a surface which form.- 
a large contact angle and considerably reduce 
the angle. 


Most solids and h(|uids show a pheiKMiicnon 
called hysteresis of the ctmlatt angle, which 
may havi* any value In'tweeii two e\trenu‘s ; a 
liquid ad\amiiig over a solid generally gives a 
larger angle Hum the same liipiid rec(‘cling from 
a previously wetted part of the same smJaee. 
Hysteresis, i.c. the difference between flu* 
ativaiieing and the reeetliiig angles of eontact, 
is often verv large Avitb waU'r, amoiiiiting sniiu*- 
liiiies to fiti" or more, the Jicpiid being able lo 
rest on the solid at any angle betvv(‘eii the twe* 
extH'ines cd' tin* advanemg and the receding 
angle. Abletl (IMiil. Mag. 1923. [vij. 46, 244) 
fcuind that the amount of hysteresis dc-pi'inls 
on the speed of the adxainiiig or n'eediiig 
motion, l)u‘ usually the angle at whic'h ad- 
valuing motion first begins is eoiisideralily 
gnviter than that at wliieh the liquid eaii be 
indneed lo start ie('c*d]ng from a wc'tted surface. 
T’he appeal ante is as it the edge of the lupnd 
ternUal lo adhere to the iliil siirta«*e. While 
hystc'iesis is greatest with water, most li(|inds 
show’ it to some exlcMit ; some wnters rlaim that 
its amount can be* substantially redncc'd if the 
solid snriac-e is vc*ry thoroughly C’leaiU'd Its 
piacinal nnpoilaiu'C* is eonsuleiabh*, Imt tbcTC* 
is not yc*t imiM'rsal agic*c*meiil, as to its ranse, 
winch ma\ indeed xary in dilU‘rc‘iit easc*s \’er\ 
small amounts of girase might aeeonnt loi tin* 
liystc‘rc*sis with water and such Ji_v dropbilie 
Hiirfaces as glass and some* miii(*ralH, tin* grease* 
bc*ing clisplac'C*d aften* tin* water <’o\c*i's tin* siii- 
fac'c* ; allc*rnativelv some of the liquid may soak 
into, or be a,dHorbc‘d on to, the* stilid, ineieasing 
its attraction for tin* ln|iijd alh*r wetting. 
Langmnij has snggestc*d that the molc'cnh's of a 
vcTv thin film ol grt‘ase may actually be* c)\er- 
tiirned by eontact with the water so that. thc*jr 
lydrophiiie terminal groups an* out winds, and 
Lhe attraction for water is increaHc*d Aftc*r 
Irving, the moicn ules are siippo.sc*d to revert lo 
their normal )M)Hition, with the bydrophilie 
terminal groups do w^n wards, and thus the attrac- 
tion for w’ater decreases be*i aiisc* tin* surface eem- 
Hists of hycirorarboii groups. Whatever tin* 
prec'ise eau.se of byHti*reHiH, it is c'lc*ar that it. is 
the result of a variation the amount ol 
adhesion of the surface* for the liquid, according 
to whether or not it is being wetted by tin* licpiid. 

Methods of measuring eontac*t angles are 
niiineroiis. If the scditl can be obtann*d m the 
form of a fiat jilate, or even a wire or a straight 
fibre, a good method is to fix the solid in a holder 
which can be set at any angle to the liquid 
surface, and to dip it into the licpiid and adjusts 
the angle until the surface of the iniuid remains 
ac-eurately hori’/.ontal right up to the point of 
c*ontac*t with tin* solid. Then the angle lietween 
the liquid siirfare and the solid is the contac t 
angle. It i.s necessary to provide means of 
raising and lowc‘ring the solid in the w’ater, to 
find the advancing and the receding angles; 
also, if the angle with c lean water is required, 
m(*>anH must be provided of elc*aning the Inpiid 
surface, since the surface of water is very easily 
eontaminatecl by grease, with lowering of the 
surface tension ancl of the contact angle. Other 
methods depend on observing the direction of a 
ray of light reflected from the liquid ami the solid 
surface very near to the line of contact between 



508 


INTERFACTAI. ANGLES. 


tlK*in. ThfRc nu-thods an* acciirato to a very 
fp-w (Icj^roeH, whic h is usiiaJly Huffic iont, aince the 
conlaft angle of a Holid Hurfare generally varies 
by this nnioiint in different j)arts. J)ircct obser- 
vation under the inieroseopo of the angle at 
whic h solid and licpjid aiirfaees meet is Hometimes 
possible, and reascmably areiiraie ; or a nuig- 
nilied image may be jiiojcM-tc'd on a sen‘en 
and the angle* rac*ahur(*d with a protraetoi. 
Anothc'r inc-fhod is to measuTC* the height to 
which the Jicjiiid rise's in a eapillaiy tube of 
hnown ladnis; if the surface tension cd‘ the 
hfjiiicl is known, the eontact angle between 
the lic|iiid and the* tulie can he euleulated Iroin 
tli(‘ ftunnihi 

LVla 0 
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or evaporation, is slower than it should be ; very 
serious loss of effieieney may result if wetting is 
poor. In cases where the maximum spreacling 
is required, the eontact angle must have a mini- 
mum valuer ; unless the receding angle is zero, 
the licpiid will not remain spread even if 
mec-hanic*ally forcc'd to cov'er the wdicdc* surface ; 
and for the licpiid to sjiread itself w'lthou^ the 
ex'jienditure of much (‘iicrgy and careful control 
of the direction at w hich the liquid impingc*s on 
the solid, the advancing angle also must be zero, 
a condition whicli is more difficult to attain 
Fc'w' Huifaccs give a zc'ro contact angle with 
watc'r lor long, since minute trace's of grease? 
prndiK'e a finite angle cvc'n cm such surfaces as 
glass, which do wet completely if absoliilc'ly 
clean. Thc're arc now many wetting agents 
avaihiblc', w atc'r-soluble suhstancc's which often 


h is the* hc'ight of I'jsc*, j the radius of the tube, 
J> the' I tensity cd tlic- hejuid and d that ot the air 
Altc'rmi t j\ c'ly llic jiic-ssurc rccpiirc'cl just to jerc- 
^c'llt thc‘ hcjiiid from entcTing a cajnliary liihc' 
may he inc'asurcd. This is thc‘ ioundat am cd 
Ihirtc'll and Oslc'rliof s method for finding the 
contact angle ol a siihslaiic'c' available oidy in 
jiowdc r lonii ; a bigldv coinjirc'sscd plug is made 
cd the* ]ic)\Mlc‘r, hciiiicl is jiid in contac t with the* 
powde r at one* side* and the- picssiirc* ic'cjiiiicd to 
balance its tc-ndene v to jicnctiatc' into llic jiliig 
is measmcci A cliltic-iiKy in this incdhocl is the 
detei mniat jon of thc' “ laclnis ' ol the capillar\ 
tuhc' eijimalcMl to Ihc' plug ot powdc'r; hut at 
])rc'sent it is almost the' cmJ\ method available* 
tor a (plant italn c* dc'lc'immrct icm ot thc* eontact 
aiuile ot a line pow(li*r against a licjnicl. 

"J’!!!* pi-K Ileal jin|)c)rtaii( (* ol contac-t angles 
and wetting is \ cry w idesjirc'ad. Scmic'l inies Ihc' 
he.st possihh' wc'tting is desiralclo, sometimes 
the least possible The prc*(is(* eemditions to fa* 
attained a ary slightly aecoidiiig to whethc i 
good spHtidutfi of the Jicpncl cm (‘r a laige ai(‘a o( 
solid, or good pt nf iralion ol the Injuid into the* 
porc'S cd a ]io7(iu,s solid oi hc*ap o( jiowder is 
rc'qnired , icmAeisc*ly. tin* prevention ot sjireacl- 
ing of a licpiid o\ c*r a solid surface, or fnodering 
its penetration into j)or(*s, are ned exactly similar 
pvcddeins. 

Good sjireacling over the largest jiosMhle area 
of solid suifaec* is rc'cpinecl for all nisc'c-lic-iclc' and 
diHiiifec tanl sjirays and dips, so lli.it a small 
({uantity cd licpdd shall eovei the* Jaigc'st possible* 
area cd thc plant, animal or oth(*r suitace to he 
treated. The windows ot gas-masks, goggles 
or other transparimt windows where there is a 
Vann, moist atiiiosiiheie cm one side and a colder 
one cm the other, mist uji or “ dim ” alter a 
time, often so badly Ibat it beeoiiu's iiiqiossible 
to sec tlirougb them, nnlt'ss the moisture can be 
condensed in a eontinuons thin him instead of 


c'lioimonsly iinjirovc the Avetting. 'J’hc'y ojierate 
c'llhc'i by clnninishing the siirlaee tension ol llie 
licpiid, or by inc reasing its adhesion foi tlie solid, 
sometimes in both Avays. liisjieetion ol erpia- 
l.on (‘A) shovAK that, cos 0 is increasc'cl ancll thc'ie- 
foie^is diminished, eit hc'i hv mcTcasirig lir,si. 
hv cleeiC'.csing yj^\ Mc)st AActting agc'idsc have 
tlie general constitution RX, R being a h^vdio- 
ea 1 1)011 grou]) of c onsiclc ruhle si/c*, gc'iiendly 
long ;ihf)liatie chain, hiit soinc'times an aroih.it le 
or ahevehe giou]). X is a slicmgl_\ w.'itei- 
attracfing grouj), and the A’ant*tv oi such end 
groiqj.s IS now AC'iy gic'iit, thc' COONa group 
ol soaji hc'ing one* ol thc*sc‘ Alkyl sodniin siil- 
jdialc's RO SO jNn. munv cithc'i sulphate's oi 
suljihcmatc's, and .imicles a arioiislA'^ snhstil iitc'd 
.iricl gc'nc-rally siiljihonatecl arc* common Avc'lting 
.igc'ids Some a c'l \ siic*e(*sstiil inoch'rn Avettiiig 
agc'iils aic* ])C)lv jihencds snl)stit,iitc*cl Avith one oi* 
inoic* alkA I chains and siiljihonated. Other av et- 
Img agc'ids ,iie un-iomsed siibstanc'c-s sucdi as 
jiolv glv c'C*! ol C'stc'is Ol polv el hv li'iic* o\iilt*s 

The dc eic'ase ol , surface tension is mainly duo 
1o file liA clioeaihon pait of flu* nioleeulc's ; all 
substance's containing long liyclroeai hon chains 
tend to he aclsoibed at llu* siirtrue and to form 
a layer in which they nsnally he Hat in the snr- 
lac-e; this rc'cliiees the field of attr.ietiv^c* force' 
at the* siiifaee, and eonsecpieiitly the* snrlaeo 
Ij'Iisiom. One* hydroc-ai hon chain ecmtaiiiiiig 
OACT SIX earbem atoms in a soluble compound 
c an usually, at a suffieic'iit eonc'cnt ration, reduce 
thc* surface tc'iisicm of veater to betwcien IM) 
and .‘10 dync*H jier cm. instead of lA for clc'an 
watc'r, and Aery low' coneentrations of siih- 
stanec's Avith Iwi'h e or more c*arbon atoms in an 
alqihatie chain achieve a similai decrease lu 
siirl.uc* tc'iisicm. The great majority of AA^etting 
agc'iits arc? jioaac'iJ'uI depressants of Rurlaee 
teu.sicm. 

Wliether the Avetting agent ac tually inerease.s 


in seiiarate droplets. ] ii many types of chemieal 
plant, siieb as gas absoijificm towers or film 
evaiiorators. where a lajiid intereliange of a 
substance belAveen vapour aud liquid is required, 
the licpiid is mado to trickle over a large area 
of solid surface so as to exijosc tlic* largest 
possible area find the emallcst possible thickness 
to the vapour. Unless the licjuid spreads per- 
fectly, wetting the solid everywhere, the area 
will bo reduced and the thickness increased, so 
that exchange of gas betw een liquid and vapour. 


flic adhesion of the w'ater to thc solid depends 
on the constitution of the solid surface and on 
the end-group X of the molecule of the wetting 
agent ; any increase in such adhesion will 
improve the wetting. An interesting, though 
not particularly important, phenomenon is 
shown by thc salts of some rpiaternary bases 
with long aliphatic chains, such as cetyltri- 
methylammonium or eetyljiyndinium hydroxide. 
In extremely dilute solution these long-chain 
cations are adsorbed on glass (which has a 
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negative electric charge when immcrHcd in 
water) with their hydrophilic end-groups in- 
wards and their hydrocarbon chains outwards ; 
and the eflfect of w'ashing clean glass with tlicse 
dilute solutions i.s to reduce the adhesion and 
produce a contact angle of some magnitude, 
causing a greasy appearance on a previously 
clean surface. Increase in concentration reduces 
the surface tension so far that the contact angle 
again falls to zero. Tn giuieral, it can be said 
that if a soluble substance contains groups which 
tend to cornbnn^ with the material ol the solid 
surface, or to dissolve it, wetting will be assisted 
as a result of increasing the adhesion of the 
licpiid for the solid ; but at present our know- 
ledge* of the adsorption of molecules at solid 
lifpiid surfaces is much less complete than that 
of the structure of films at air -water surfaces. 

(Tood wetting of metals by oils is desirable in 
lubric ation. There is usually little difficulty in 
obtaining a low or a zero contact angle between 
ordinary oils and metals, but it is often useful 
deliberately to increase the adhesion between 
them by adding fatty acids, the end groups of 
which attract and sometimes combine with the 
surface of the metal. This helps to pievent the 
layer of molecules in the li(|Uid next to the solid 
from being easily rubbed off, and thus nnproves 
“ boundary ” lubrication, or lubrication under 
conditions such that tin* film of luiinc'ant is 
rediit‘c*d to molc'cular thickness, (ilyccndcs 
(animal or vcgc'tablc oils) are bc'tter boundary 
lubricants than mineral oils, In'cause they adhere 
more tlosely to fhe solid. 

Perfect wetting of a nu‘tal by inoll<*n solder is 
essential for successlul soKIciing or brazing. 
Molten solders will not spread on greasy or 
oxidised surfaces, but sjirc'ad excellently on 
clean surfaces; hence the surlaco must first be 
thoroughly cleaned, and also jirotc'cted by a 
suitable flux against surface OMclation during 
heating. 

(iooti pcnc'tration of a, licpiid into the pores ol 
a porous solid also [ccpiircs good wetting, but 
here the c|uantit,v O" usually ternu*d the 

“ adhesion tension,” should be a inaxiniurn, riot 
merely the contact angle a miiiiinum, as lor 
siinfile s})n*ading. Sjireading on a smooth solu.l 
surface wdll not take place unless (he contact 
angle is zero, but pcuietration into a c a.piilar\ 
space will occur to some extent it the adhesion 
tension, yi.^ cos 6, is ])ositivc, i.e. if the advanc- 
ing contact angle is less than IM) '. Two inipoit- 
ant cases in industry are the “ wetting-out ’’ of 
textiles by water, a iieix'SHary preliminary lo 
seouririg, bleaching or dyeing operalions, and 
t he laying of dust by water, especially in mines 
The cloth may be difficult to wet from natural 
causes, or iMnaiiso of the size used in weaving; 
coal dust and many stone dusts arc also cjuitc 
difficult to wet. Wetting agents are usetiil in 
both these cases, indeed often almost essential. 

Good dispersion of a solid in a liquid lequires 
good wetting. Here it is necessary for the 
adhesion between the liquid and solid to be 
sufficient for the liquid to spread over the whole 
solid surface, and the larger this adhesion, 
probably even in excess of that rcquirc'd to give 
zero contact angle, the less chance there will be 
of the solid particles adhering to each other and 


settling out in lumps or hard masses which 
cannot be retlistnbutcd evenly through the 
lupiid merely by stirring. Poor wetting of the 
pigment by the oil is a frequent cause ol defects 
111 paints. Here, suitable wetting ag(‘ut> haxe 
to act by increasing the adhesion of the solid to 
the liquid ; the surface tension of ]iaint mc»lia is 
usually not high. 

There arc some procc.sses in which wetting 
must be rcdiic'cd to the mininniiii possible 
amount, ns m tlic llotatioii of minerals (c. 
Ki.OTATioN l*uoi'i<:ss, N’ol. \\ and the 

sliowc'rproofing of t(*\l lies (/■. FisisiiiNO Tkxtilb 
Fahkk’s, \ ol \', llfid iqSa). 

It has been suggested that ('oiulcnscrs in 
steam cnginc.s could be made much more efficient 
if the steam could la* condensed in the form of 
scjiaratc ilrops coxermg a small Iraclioii only 
of the condensing surtacc. This is because the 
principal resistance to riqMd conduction of heat 
seems to be the liipiid film which is stagnant up 
to a small thickness on the c()n(l(*nsing siirfiicc ; 
if condensation could be nuulc to oc-cnr so that 
this film did not form, a much inc reased rate* of 
heat conduction and tlicri'lojc ol condciisation 
could tlu'orct ically Ik* achic*vcd. Niigic, Drew 
f‘l al. (Trans, Amcr. Inst. Chem lOng 
30.217, llKir), 31, .5113) have ohtainc'd sonic suc- 
cess m this fi(‘ld, hut as \(*t the* dillu nil ics 
attcmlant on large-scale ulihsatioii do not M‘cm 
to he ovc'icomc. 

1’lie contact angle formed by I lie* intc'rlacc 
iH'twccn two liquids, and a solid, is also of 
priKtical iiiqioitancc. It may be liiutc. or zero 
in one* liquid and ISO' in tin* other. In the latter 
case, a ])owdcrcd solid will f(*nd to pass v\ holly 
into the licpiid in which the. angle- is /c-io aiicl 
prc‘|c*rciitiiil wetting hy this ]ic|uiil in.n' he 
said to he p(*rfcct. If the contac-t angle* is finite, 
the [Kiwdcr will tend to rc‘rnain at the* surlace 
b(*twccn the* licpiids, just as a j)c)W'clc*r witli a 
tiiiile air licpiid-solul contac t angle* can float 
at the air-licpijcl suifacc. Powdc'rs thus rctiiinc'd 
at a licpiicl-lirpiicl surfac-c* hy surface foici's hc“lp 
I to stabilise* cinulsieuiH etf the* twei lie[uiels, siucei 
the* ])Owe_lcr naturally huide*rs tlic e-ontr.icf leui 
of tin; surfaee*, wJiich accoiupan]e*s hrc.iking ed 
the* cmiilsiem hy ceialcBe‘e*iice* eil the el i ops {r. 
EmI l.sieus'.s AM) EMUl.SiKie'ATieiN, \'oI. i \', 
2S4«). 

The actiem eif secap nnel other siniilai" (le-te*r- 
gciits in removing grease is largely eluc to the*ir 

(b) DETERGENT SOLUTION 

GREASE 

(a) WATER 

Fio. 2. 

effect in changing the ceintae t angle* made hy 
the surface bctw’ccn the grease and the water. 
Microscopic ohservatiem (Adam, J. Snc. Dyers 
and Ceil. 1937, 53, 124) has show n that, in water, 
grease on wool forms a thin film with practically 
zero contact angle in the grease (fig. 2, a). In 
dilute cetyl sodium sulphate solution, a very 
efficient detergent for weiol, the angle changes 
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t() 180® in the greftsc and zero in the water, and 
thus the grease bpcomes detached (Fig. 2, h) 
on very slight nu-chanical agitation. 

The ilisplaeement of one liquid, such as oil, hv 
another liquid hucIi as water, from a porous sand 
IS analog(jns to the penetration of a single liquid 
into a dry jKiroiis solid. It will occur if the 
(advanciiig) contact angle of the surface between 
th<‘ li<|iiidh IS acuti! in that liquid which advance.s 
and disjdaces the other; for the most rapid dis- 
placement the adhesion tension of the waU*r for 
the solid must c‘xeerd that of the oil by the 
largest yioHHihle amount. This property is 
jirohahly of great ini])ortanee in nndergiouiid oil 
d<*jM)sits. 

('out act angles between two lirpiids and air, 
Jin solid being present, are important for the 
spreading of oils on water, which is used on a 
large scale in the control of malarial inosiiuitoes. 
The angle here is that in the (ul, hetw<H‘n its 
ii])pci and lowcT surfaces, where* they mec‘t the 
water surfac'c. To ensure spreading this eon- 
ta< t angle must be zero ; for this it is ne'cessary 
that 

yoA+yow (f) 

ywA, yoA' i^re the surface tc'nsions of the w.iteT 
and th(‘ oil, and y(,w the inte'itacial tension 
between the nil and the water. It can I'asily 
h(‘ shown that (4) is e'Cpm alc'iit to the* condition 
that the work of adli(‘Hion of (lie oil to the water 
must exee'ed the work of < ohesjoii of the oil lor 
itself; till* difler(*nee slioiild prcderahlv he as 
large as yiossjlik*, to provide a iiiargiii of spread- 
ing power and give the great.i'st chance of spiea*!- 
iiig on sligiitly coiilammatcd surf. ice. Tl 
diff(‘r(‘nce If oft(‘ii tailed the* 

“ Sfireadiiig eoethtieiit " ; it lioiild lie at least 
Jf) ilyiK's per cm and jirc'teiahly more /^/n’ 
luinera] oils do not spK'ad, and have a negutne 
spreading ((udheienl ; tlie sign can Ik* reverst'd 
mainly by increasing Mie adhesion l)etvcet‘ii oil 
and water, with (|uit(* small amounts of oil- 
Boliihje.siibstaiieeseontainiiig livdrojdiiliegroiijis , 
among the most yanverfiil of llie.se are snlyihonie 
acid groiqis. 'fhe oMdatioii piodiuis ot nn- 
sat united oils, loimed by the action oi air a ml 
light, also assist spreading. JMost eoiniiiereial 
oils have a faisilive spreading-eoetlicienl.. Initial 
high spreading -power is not, however, the only 
requirement, for the films of oil, once sjiread, 
are usually unstable and tend to break up into 
films of molecular thickness, })r()bahly om* iiiole- 
^■ule thick and too thin to affect the larva*, the 
remainder of the oil eollc'cting into sniall drojis 
which form a finite contact angle and do not 
spread. The phenonieiia of break-ii]) of spread 
oil-films are complex and not yet fully under- 
stood (r/. 1). K. P. Murray, Hull. Entoinol. lies. 
1938,29,11; 1939,30,211). 

For further information, and references to 
original papers, see Haivey', ‘‘ Wetting and 
Detergency,” Clieniieal PAblishing (\i., New' 
York, 1937 ; and Adam, ” The Physics and 
Chemistry of Surfaces,” 3rd ed., Oxford, 1941, 
pp. 178-215, 413-414. 

N. K. A. 

INUKAYA oil! (Inuga^’^a or Bcb4 oil) 
prepared by steaming and pressing the seed- 
kernels (which contain about 67% of the oil) of 


I the Japanese evergreen iniikay a tree, Cephalo- 
tajTUS druparea Sieb. and Ziiee. (Fam. Taxa^a*). 

The eold-expressed oil prepared in the labora- 
tory by Tsujirnoto (J. Coll. Eng. Tokyo, 1908, 
4 , 85 ; Cheni Rev. 1908, 5 , 168) was pale-yellow 
in cohuir with a faint, resinous odour, and liad 
the following jirojierties : 0-925 ; 7i’^ 1-4760 ; 

f.p. below - l.ni'^C. ; .saponification value 188-5; 
iodine value (VVijs) 130 3. 

Commercial inukaya oil resembles Kaya oil 
wdtb which it has Ik'cii oeeasionally confused 
in the literature, but has inferior drying ])roper- 
tie.** ; it IS u.sed ff)r similar purposes, viz. as a 
burning oil and for the maiiiifaeture of oiled 
jiaper, varriishe.s, (“te., but cannot bo emjiloyed as 
an edible oil, on account of the resinous odour 
which IS (iresent in e\en the eold-draw'n product. 

E. L. and L. 1. 
INULASE(r Vol. IV, 314^- 
INULIN(e. Vol 11, .3()3a). ! 

INULO-COAGULASE (r. Vol. 111) 31r/). 
INVAR, a 36% nickel steel. \ 

INVERTASE (Niierase, Saeeharase) (is an 
enzyme which hydrolyses suero.se (eane-iugar) 
to j-gliieose (1 mol.) and rZ-fruetose (I mol.V It 
occurs in the small intestine of mammals, the 
ti.sHiies of certain animals and jilants and in 
nuiiierou.s moulds and fungi. One of the best 
.sources is y'(*asl. iiivertase being presemt in all 
s])eeieH (*\e(‘j)1 Sarcha/omprrs oclofiporua, N. cap- 
.sa/un.v and S. wemhrana’fnricn-s Hans. Active 
preparations may n'adiJy be obtained by allow- 
ing th(‘ ye.ist to hsdrolyse at 37"' m the pre.senee 
of a little toliK-ne, when liqiietfietjon occurs. 
Aleithol IS add(*d to the aipieous extract, and the 
I |in‘cipitale extract (*(1 w'lth water (O'Sullivan find 
I 'rompson, r) C.S IH96, 57 , 834; Euler et nL, 
|Z physiol Chem. 191(1, 69, 152; 1911,73,335). 
VVilIstatter and Raeke (Annaien, 1921, 425 , 
.13) ear fil'd out the autohy drolysis m a ni'utral, 
iii.stead ol ai-idje, nii'dium. \'arioiis methods 
ot purification have hi'cn u.si*d Hudson 
j (J. Anier. (3iem. Soc . 1908, 30, 15ti4) removed 
luhle jiroteiiis and gum.s hv tlie addition oi 
lead acetate*; exee.s.s ol lead was removed by 
potas.siiiin oxalatj* and the latter by dialysis. 
Finally the enzyme was preeijiitated by alcohol 
and dissolved in watei. More recently, ailsor])- 
tion on kaolin or ahiiniiuum hydroxide ha.s 
been used for purification (Lutz and Nelson, 
J. Biol. Chem. 1934, 107 , J69; Kosaki, A. 1938, 
IIJ, (595). Weidenhageii (A. 1936, 1555) used 
stroiitiiini hydroxide, Riehtmcyer and Hudson 
zinc sulphide and Adams and Iludson bentonite 
as adsoi bents. In the last tw o cases the extract 
was adjusted to Pjj~ 4-5, and the elution earned 
out at pji 6-1 ( J. Ainer. Chem. Soe. 1938, 60 , 983). 
Willstattcr has investigated the adsorption of 
invertase by ahiininiiim hydroxide and by kaolin, 
finding it most effieieiit in dilute solution or in 
the jiresenee of 10% acetic acid (Z. physiol. 
Chem, J922, 123 , 181; with Schneider, 1921, 
133 , 193). Invertase may be kept for several 
years without losing activity. 

The activity of these preparations may lie 
measured by observing the rate at which sucrose 
IS hy^drolysed under standard conditions. In 
their classical researches, O’Sullivan and Tomp- 
son deteriiuiif'd the time in minutes required by 
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50 mg. ot the enzyme to rcdiiee to zero the rota- | 
tion of 25 e.e. of solution eontaining IGP^ of 
sucrose at the optimum at 15-5 Willstatler 
and Raeke (/ r. ; Willstatter ami Kuhn, Her 
1923. 56 1 H], 5(»9) adopted a similar procedure 
On this basis, brewer's yeast requires 150-400 
minutes, ruritied specimens can now be pre- 
pared with a time value of 0 J -()-2 minutes. 
Sumner and Howell (d. Riol. Olnun. 103.5, 108, 
51) use the dinitrosalicylic acid method for the 
estimation oi reducing sugars iormed. Siillieient 
invert.ase is used to obtain about 10 mg. of 
invert sugar by the hytlrolysis of (j c.e of .5-4”t) 
sucrose in 5 minutes, at 20^' and 7 >n 4-5. Tiider 
these conditions the velocity oi hydrolysis is 
great, and the assay is therefore rapid. The 
reaetion is stopped hy the addition of 5 c.e. 
N.-NaOH, and the invert sugar . determined 
eolorimetrically with dinitrosalieylic acid. 

There has been considerable divergence of 
\ icwH as to the chernieal character of invcrtaac, 
but it appears that both protein and earho- 
hydrati* reactions can be obtained {cf. Euler and 
Josephson, Her. 1925, 57 |R], S59; Willstatter 
and Nchneider, Z. pliy^siol, (diem. 1924. 133, 193). 
The former authors detected tryptophan in 
their jrreparations, and this was eoriHrmed hy 
ultra-violet absorijtion spectrum measurements 
(Albers and Meyer, I c., 1924, 228, 122; see also 
Lutz and Nelson, l.c.; Tauber, “Enzyme 
Chemistry," J. Wiley & Sons, 19.37, ]». 127). 
Ultra-filtration (‘xperiimuits upon iiiverlase 
isolated from the intestinal juices ot dogs 
indicate that it is just retained hv a imuuluMiie 
td‘ jiorositv 10 m[x. (Ciabar, CVuupl. rend. Soc. 
RioI. 19.35; 118, 455). 

The activity ot iiivcrtasc is maximum at 
55 (i0‘ (r/'. 35-40' lor maltase), but it is destroyed 
at 05 -70 (see C4iau(lun, Hull. Soc. Uliiiii. biol. I 


1930. 18. 1407). Rclow 0 . the velneity of 
inversion decreases only slovly (KerUisz, Z. 
jdivsiol. (^liem. 1933, 216. 229). 'fhe kinetics of 
the process are discussed hv Nelson (Clicm 
Rev. 1933, 12, I) and l>y Weideiihagen (Ergcbn. 
Enzymfnrsch. 1932, 1, 108). T. A. Whitt' has 
examined the kinetics in the light of the theoiy 
that suciose and water art* adstirbetl l)v tlu' 
t'nzyme heftire rt*aetion, the adsorlMul prtaluels 
inhibiting the hyilrtOysis (.1. Amer. Ulicm. Soc. 
1933, 55. 550). Tlic thermal changes have been 
measured by Kosaki (A. 1937, ill, 180; 1938, 
TU, 095) 

The oplimum for yeast invertase is 4-5 
(Miehat'hs and ])a\ idstjlin, Riocbein. Z. 1911, 
35, 380), whereas maltase (also present in yeast) 
is inactive at this Kven minute amounts 

of alkali may inhibit tlie aetuin. anti care is 
necessary to buller tin* 7 )|| tluring fpiautiLati\ o 
wt)rk. 'fhe retaitling ettect t)f CN" anti t)l 
jii'ctin isastTibf^d to the increased pn (M an el i ester, 
J. Ritd. Uhem. J!139, 130, 439) The action oi 
hasie and acidic tlycs is discuHsetl by Quastel anti 
Yates (Ei'zy moltigui, 193ti, 1, 00). 

Invertitse will byditilyse fructofuraimsitles 
other iban sucrose. The tnsaceharitles raflinose 
and gentianosc and 1 lie tetrasaceharitle stachyose 
are alst) attaeketl by yeast jn\ertase (Kiilm 
and Munch, Z. physiol. Uhem. 1925, 150, 220; 
1927, 163, 1). Weidenhagt'ii lias sho\Mi that 
large amoiints of the enzyme will hytlroKst' the 
polysaceharitles irisiii and iiiiilin to fnictose (A. 
1933, JOHO). Tiic activity with it'g.ird to llit'se 
subsiiMtes vanes etmsiderabiy ateoitliug to Iht' 
vStiuret* t»l the invt'itase (c.t/. titiiii Asjiv}ijillns 
Pcmnlinnn ijlaunnn)- 

4’ht‘ eheinislrv ot iinerlast' has bi't'u ri'Mi'wed 
h^ J M. Nelstul (Uhem. Rev. 1933, 12, I). 

(;. T. V. 
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The Ind('X contains about 17,550 entries arranged alphabetically, and fainilar inversions 
and abbreviations have been employed. For reasons of economy many inverted entries 
have been printed without a final “ of,'* and the word “ dyes ” has been indexed instead 
of “dyestuffs.” The letters a, (>, c, U attached to references indicate consecutive 
quarters of a page. Titles of articles are located by clarendon numerals. 

The space available did not allow of indexing all the synonyms, italicised words 
and technical terms to be found in the text, but it is hoped that the choice made will 
be acceptable. 

The Index is not intended to vsolve all relevant questions of spelling, hyphening and 
nomenclature, but when the text has not been followed it is believed that the reason for 
the alteration will be evident. 

Preliminary work on the indexing of Vols. 11 and 111 was done by Dr. A. H. Cook, 
to whom acknowledgment is miuh'. Acknowledgments for skill(‘d assistance are made 
to Miss E. Wilkinson, Miss V. Coring Thomas, Miss B. Whiteing, and Mr, (I. Bird. 
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A 

A-Acid, I. la 
oc-Acid, 1. la 

Abaca fibre, I. la ; V. 10 It/ 
Abaku nuts, I. 055(7 
Abalak, 1. la 
Abalone, I. la 
“ Abalyn,** I. lb 
Abasin, 1. 16 
Abassi cotton, I. 16 
Abderbalden re.K'tion, J. 16 
Abdocain,'*. 1. 16, UODa ; 11. 
346 

Abel heat tost, III. 3G3r/ ; IV. 
213t/, 5ila 

— J (j lit inaj Ill’s nioclill- 

catiou, TV. 5476' 

“ Abeliter 1. 16 

A6e/moSc/ius moschatua, 1. 304a ; 
IV, 591a 

Abies 8pp. f I. Ir, 4596 ; IT, 237c' 
Abietenee, J. Ir, t/ 

Abietene, sulphonated, an wet- 
ting agent, I. id 
Abietenol, I. 2a 
Abiotic acid and derivatives, I. 
2a ; II. 2(U6 ; 111. 295c 

-J detection and deln., I. 36 

, methyl esters, 1. la 

, salts, I. 2c 

“Afefso/," 1.3c 

“ Ahracoir I. 3d 
Abralin, I. id 
Abranin, 1. id 
“ Ahrasit" I. 3d 
Abrasives, 1. 3d 
— , boron carbide and boron 
silicide, I. 4a ; 11. 44c, 50d 
“ Abrastol,” 1. 4c ; IV. 30a 
Abraiizn-salts, II. 390a 
Abrin, 1. 4d 
Abrine, 1. 4d 
“ Abrodil/^ 1. 4c 
Abroma augusia, I. 4c 
Abrotine, I. 4c 
Abrus precaiorius, I. 4c 
Absinth, 1. 4d 
— , essential oil, I. 5c 
Absinthin or absinthiin, I. 5d 
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Absinthol, I. Ga 
“ Absorbite,” 1. 66 
Absorptiometer, npi'ctro- 
scopie. III. 305d 
Absorption (.vcc a/.'>o Wuslicrs), 
1. 66 

— , count er-eurrerit, in towcTS, 

i. 7d 

spectra in auniy.sis, II, 709a 
Abutic acid, i. 11a 
Abutilon ’indinan^ A. civkoukv, 
1. 116 ; V. 10 Ic 
Abyssinian (lold, 1. 116 
Acacateebin, 1. 116 ; 11. 13 la 
i5oAcacatechin, 11. 435c 
Acacetin, 1. 116 
Acacia arabica, A. spp., 1. lie, 
5856 

Acacia bark, 1. 11c 

— catechu, 1. 11c 
Acacia cavena, 1. 11c 

— dealbaia (»ce al 80 Acacia 

bark), I. 11c 

— - Jarnesiana^ 1. 11c; IV. 394c 
- semgahi.lld] VI, 155d 

Acaciin, I. 126 
Acacipetalin, VI. 856 
Acajou, cashew nut, I. 126, 
365d 

Acalypha indica, 1. 126 
Acal^hine, 1. 126 
Acantbite, 1. 458c 
“ Acardite,** IV, 14d 
Acaroid resins, 1. 126 
Accelerators, 1. 126 
Acceptor, 1. i2c 
“ Acedicoin,'* 1. 12c 
“ Acedicone,” 1. 12c 
“ Acedronoles,” 1. 12r 
Acenaphtbene, 1. 12c 
Acenaphthenol, 1. 1 3a 
“ Acerdoir 1 . 14a 
Aceridin, 1. 14a 
Aceritol, 1. 14a 
Acer aaccharinum or A. sac- 
charum, I. 14a 

Acertannin, 1. 14a ; VI, 856 
Acetal, amino-, 1. 35d 
— , chlorotriethyliihosphino-, I. 
30a 


Acetaldehyde. 1. 14«, 20d 

— and amines, eondensaiion 

l)rodiielH 1‘i‘iiin, 1. 296 
— , chain photolysis, 1. 30a 

— , chloro-, Iroin acetylene, I. 

916 

- eyaiiohydrin, J. 216 
dichloro-, 1. 21c 
disulplionic acid, J. 84a 

‘ ' Acetaldehyde - ethyl ace- 
tal e,” 1. 356 

Acetaldehyde from acetylene, 
I. 10a 

, by-product-K in pro- 
duction of, J, 196 

- -alcoJiol, J. 15a; II. 427d 
Aspergillus ?n'grcr, V. 616 

yeast, JI. 996 

— in catleoi, 11. 1086 

— — - production of aldol, butyl 

alcohol, crotonaldehyue 
and ethyl acetate, 1. 206, 
28a 

, luminescent polymerisation, 
111. 236 

• , monochloro-, I. 21c 
— , oxidation products, I. 23c, 
24a, 256 

— , prejin., II. 427d 

— , reduction to alcohol, II, 
426d 

— synthetic resins, I. 20a 

— , — rubber from, 1. 306 j 

— , tribrorrio-, II. 106a 

— , trieliloro-, I. 21c ; III. 34d 

— , uiiclassifled reactions, I. 

20d 

Acetal, mono- and di-chloro-, 
and bromo-, I. 35c, d 
— , monoiodo-, I. 35d 
— , nitro-, I. 35d 
Acetals, f. 32a ; IV. 382d 
— , aromatic, I. 37a 
— , cyclic) I. 33c 
— , hydrolysis, VI, 252a 
— , methonal, of aromatic gly- 
cols, X. 37a 
— , mixed, I.*33c 
Acetal sulphide, I. 30a 
— , trichloro-, I. 36c 
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Aoetamide, 1. 59r/ 

Acetanilide, I, 38<i 
— , p-bromo-, I. 3ba 
— , W-chloro-, 1. 31)a 
— , p-chloro-, I. ‘i\Ui 
— , o- and p-nitro-, 1. ' 

Acetannin, 1. 395 
“ Acetarsol,*' 1. 39r, 489f 
“ Acetarsone*' 1. 39r’, 4S9c 
Acetate, iron, mordant, II. 
53d 

— rayon, see ('elluloBe acetate ; 

Fibres artificial or rayon. 
Acetates, acetic acid, qualita- 
tive reactions, I. 535 ; II. 
CObd ; V. 2117a 

Acetate silk dyes, T. 39c, 205c ; 
IV. 1275, 2215 

Acete^enol, I. 435 ; IV. 390d 
Acet-isoeugenol, I. 42c ; IV. 

3lH)fZ 

Acetic acid, I. 43c 

, acetamino-, VI. 73a 
amino-, VI. 7 Id 
- as preservative, IV. 28a 

, chlorobromo-, VI. 170a 

— , chloro-, from acetylene, 
1. 1115 

, density of aqueous solu- 
tions, 1. 52 

, deXn., 1. .535 

diazo-, etliyl eater, Til. 
GOOa 

, dibromo-, VI, 175^ 

-, dichloro-, VI, 175a 
— , dicbloromonobronio-, VI, 
1705 

, di-iodo-, VI. 17Gc 

, esters, I. 505 

, fluorodiiiromo-, ethyl 

ester, VI. 170d 

formation from methyl 

alcohol, II. 350c 

from acetylene, 1. 505, 

80d 

carbon monoxide, I. 

51a 

— othylidenc diacctate, I. 

515 

formaldehyde, J. 51a 

mel-haiic, 1. 50d 

methyl alcohol, I. 50d 

formate, I. 51a 

-, hydrfjxy-, V. 73c 

in cafleol, II. 1085 

, inonobromo-, VI. 175d 

, monochloro-, VI. 174c 

, — , acid chloride, VI. 

175a 

, monochlorodibromo-, VI. 

1705 

, monoiodo-, VI. 1705 

c , prepn., II. 310(7, 425c, 

427d 

, qualitative reactions, see 

Acetates. 

, salts, I. 54a 

, solidification point of 

aqueous solutions, 1. 51c, d 

, triazo-, VI. 298(7 

, tribromo-, VI. 176a 

, trichloro-, I. 65a ; VI. 

1765 

— — ^ ^ diethylaminoethyl 

doriv., VI. 176c 

, — , in toxicology, VI. 

1755 

, trifluoro-, VI. 170(7 

, tri-iodo-, VI. 170c 

— anhydride, I. 575 
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Acetic anhydride, analysis, I. 
595 

, detection in acetic acid, 

I. 53(7 

esters, synthetic production, 
I. 51a, 84c 

Acetin or acetine, I. 605 

— ns plasticiser, 11. 448c 
Acetoacetanilide, I. 615 
Acetoacetic acid, 1. 615 

— - — , detection in acetic acid, 

1. 53(7 

2:1 - dinitrojihenyl hydra - 

zone, I. 015 

— eaters, 1. 01(7 
Aceiobacier subojrydans, V. 330(f ; 

VI. 495c 

Acetobetaine, 1. 080a 
" Acetocaustin,” J. 65a 
Acetochloroamide, I. 00a 
Acetocitric acid, HI. 1805 
Acetoin, 1. 140c 
Acetol, I. 65a 

— acolate, 1. 05c 
Acetol,” 1. 05c 

Acetol, Baudisch tehl for, I. 
05c 

, ethyl ether, 1. 055 
— , hydroxy acetone, 1. 65(t 
Acetomorphine, VI. 205(7 

— hydrochloridi‘, 1. 65c 
Acetonaphthone, I. 65d 
Acetone, 1. 65(7 

, acotonyl-, 1. 70// 

— , bromi nation, 11. 3205 
, bromo-, J. 0!b7 

- , — , in ciiemical warfare, III. 

10c, (7. 

-- , cliloro-, 1. 0t)5 

— -ch 1( u'of orm ( ‘ ‘ Chlorrlon e”), 

1.70c, 371c; III. 36c 
, chloro-, in chemical yarfare, 
III. lOc, 11a 

— , compounds witJj sugars, 11. 
2S9fi 

-cyanohydrin, T. 08(7 

- , detii., 1. 08a ; TV. 5325 

- — in vapours, II. OSlrf 
Acetonedicarboxylic acid, 1. 

70a, 70(7; Hi. 185(7 
Acetone elJiylacetal, I. 30(7 
™- from acetylene, 1. 815 

horse-chestiiiils, \'J. 279(7 

glycerol, VI. 00a, 70c 

— , halogeuatioii, VI. 2505 
, lialogen-suh.stitiited derivs,, 
I. 095, c, d 
— , hydroxy-, 1. 05a 

— in dopes for lilm manu 

facture, II. 448c 

urine, detection, I. 07c 

— , iodo-, prepn., HI. 11(7 

— methylacotal, I. 30(7 

— oil, I. 70(7 

— idienylhydrazone, I. 095 

— phosphate, di hydroxy-, re- 

actions in muscle, VI. 70(7 
' production by bacterial fer- 
mentation, il. 109(7, 4295, 
471(7; V. 45a 

— , pseudocvc/ocitralidene, I. 

70a 

— recovery. III. 302c ; V. 123(7 
~ -, reduction U» isopropyl al 

cohol, H. 420(7 

— semicarbazone, I. G9a 

— , solvent in lacquera, IT, 469c7 
— , specifleations, II. 4725 
Acetonitrile from acetylene, I. 
845 


Acetonylacetones, metallic, 
co-ordination. III. 329a 
3355 

Acetophenone, I. 71a 

m-, o- and p-amino-, I. 71c 

— ammonia, 1. 715 

— , benzal-, or benzylideno-, I. 
71(7, 190a 
p-bromo-, I. 71(7 
— , chloro-, in chemical warfare*, 
III. 9a 

— 1 — » prepn., III. 11a 
-, diethylacetal, 1. 715 

— in castor, II. 419(7 
— , in-nitro-, 1. 71c 

— phenylhydrazonc, 1. 715 

— oxime, I. 715 
Acetophenones, hydroxy-, VI. 

399(7 

Acetophenone, 2:4:6:-trinitro-, 

I. 71c 

/3-Acetopropionic acid, 1. 71(7 
Acetopurpurine 8 B, J. 735 
“ Acetopyrine,” T. 735 
“ Acetosal,” 1. 517« 

" Acetoxane,” 1. 735 
Acetoxime, 1. 09((\ 

“ Acetozone” I. 7351; IV. 28a 
Acetylacetone, rtie eaitJi 
dt'i ivH., II. 515r/\ 

“ Acetyladalin,” 1. 15 
Acetyl-benzoyl peroxide*, JV'. 
28a 

Acetylcarbinol, 1. 65a 
Acetylcellulose {see also Fibri's 
artificial or rayon), H. 
404(7 

Acetyl chloride, trichloro-, I. 

1 05r 

Acetylene, I. 735 

— as illimimant, I. llOc 

— , broino-derivs., I. 82d, 83a, 5 

— , calcium carbide for manu- 

facture of, il. 2195 
carbon tetrachloride from, 

II. 354(7 

— , c.Lreiiiogeiiic comxiounds 

from, 11. 378c 
, chlorine diu-ivs., I. 96r 
detection, ]. 90a ; 11, 081c 
— , detn., gasomotric, 1. 90(i ; II. 

077(7, 081c 
- dichloride, IV. 75 
, dichloro-, 1. 90(7 
diviiiyl, 1. 885 

— from calcium carbide, I. 1075 

— — ethane, I. 70(7 

ethylene, I. 70a 

methane, 1. lOa 

generators, 1. lOOc 
— , heavy, I. 79c 
— , industrial uses, I. 106c 
— , iodo-derivs.j I. 83c 
— , metallic derivs. (see also Car- 
hides ; individual metals), 
I. 82a 

— , methyl, see Allylene. 

— -phenol condensation pro- 

ducts, I. S5a 

— , polymerisation reactions, I. 
855 

Acetylenes, mono- and di- 
substituted, I. 117c 
— , sodio-compounds, reaction 
with carbon dioxide, II. 
363c 

— , , ethyl carbon- 

ate, II. 303(7 

Acetylene, structure, I. 79c 

— tetrabromide, IV. 357(7 
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Acetylene welding, I. 112d 
Aoetyl-H-acid, 1. llOd; IV. 
207c 

Acetylidene, dibromu-, II. 320c 
Acetylidine tetrabromido, IV. 
357d 

Acetylmethylcarbinol in 

broad, II. 80c 

Acetyl peroxide, antiseptic, 
IV. 28a 

, prepn. II. 373a 

— radical, detn.. It. 625c 
Acetylsalicylic acid, 1. 119d, 

517rf 

* — , calcium salt, I. 370a, 

517d 

Acheson graphite, I. 119d 
“ Achibromin,'' 1. 119d 
Achillea millefolium, I. 119d 
“ Achiodin” 1. 120a 
Achras sapoia, I. 120a 
Achroodextrin ii and tii, III. 
56l)a, h 

Acid Alizarine azu dyes, 1. 120a 
dyes, I. 40da 

— anhydrides, I. 57rt ; II. 370c, 

d, 376c 

- -base catalysis, V'l, 255/j 

pairs, conjugate nr eurre- 

spotiding, VI, 2iHli 
(.'hrome dyes, I. 120a 
coiistaiitK, VI. 2tSd 
-, detiniticin, VI. 2 l7a, 24!)a 

— dyes, IV, 12(1(/ 

— hhiclisino, J, 120a 
Acidiznetry and alkaliinetry, II. 

637c 

Acid-mordant dyes, IV, 127d 
128b 

— - tuiTubcr of porpliyrins. III. 

82rt 

— of Jiayer’s jiatonts, I. OriHc 
o-Acid of Claus and Volz, J. 658 
Acid of Schultz, I. 658c 

" Acidol” 1. 120b, 686b 
Acidolysis, IV, 3 lOd ; VI, 
397a 

Acids and bases, theory, VI. 
247a 

— mineral, solvent action, II. 
549b 

— , organic, detn., potentio- 
mctric, II. 7U8a 
-- , — , — with eerie sulphate, 
II. 510c 

strength, VI. 248c 
“ Acidulin” I. 120c 
Acid wool dyes, 1. 205c 
“ Acitrin” I. 120d 
Acker electrolytic cell, TIT, 57b 
Acocanthera echimperi, 1. 120d 
“ Acoine:' I. 120d, 360c ; VI. 
144a 

Aconic acid, I. 120d 
Aconine, 1. 121d 
pseudoAconine, 1. 123a 
Aconitic acid, 1. 120d 
Aconitine and aconit e alkaloids, 
1. 120(/ 

pscudoAconitine, I. 123b 
Aconitum napellua, I. ]20d 

, A. app., 1. I20d, I22r, 

123a, 53Sc 
“ Acopyrin” I. 73b 
Acorin, I. 124b 
Acorn oil, 1. 124a 
Acorus calamua, and essential 
oil, I. 124b ; II. 201a 
Acraldehyde, I. 136a 
Acrldnn-nitrile, 1. 127b 


Acridine, I. 124c, 565a 

— ami acridinhun, diamino 

(lerivH., 1. 134f/ 
-5-carboxylainidc, 1. 127 b 
-5-carboxylic acid, I. 127b 
, 5-chloro-, I. 120b 
5-cyano-, I. 127b 
— , 2:6-diamino-, 1. 135a 

- 2:8-diamino-5 - o - enrboxy - 

phenyl-, I. 125d 
2:8-diamino-, compound of 
arsonic arid, 1. 134d 

- - drugs, J. 133d 

, 3-ethoxy -5:8-diamino-, 1. 

131a 

— Gngnard compounds, I. 127b 
hydrochloride, 2-amino-3- 

methyl-8-diniethvl-, J. 

132b 

- , Ti-hydroxy-N-oxide, I. 120a 
-N-oxide, I, 129a 

, 5: 10-peroxide, I. 129a 

— salts, J. 127b 
Acridinium, qiiat-crnury salts, 

1. 126c 

5-Acridol, J. 12.Sd 
Acridone, I. 128c, 135r/ 

- -‘.l-arsonic a<‘id, I. 120b 
, l-hromo-1-nitrO', J, 120b 
, .5-chloro-2:0-diniti*n-, 1. 135a 
, l-chloro-l-nitro-, I. 120b 
colours, 1. 417b 
, 2:H-di.'inuno-, I. 125b 
, 2:H-(lihydioxy-, I. 120b 
, (hnicthoxy-, 1. 129b 
Acridones ilerived from an- 
thraqunioiio, 1. 306a 
Acridone-3-Btibonic acid, 1. 
120b 

- -2-Kulphonie acid, I. 125b 
Acriflavine (kcc alao Fliiviuc). 

I. 131a, b, 135d ; IV. HOb 
Acrinyl t.hiocyanate and iao- 
thioc>anate, 1. 136a 
Acrolein, 1. 136a ; III, lOd 
Acrolein ethylacetal, 1. 36a 
Acrolein rosins, 1. 136d 
“ Aerolite” I. 136d 
Acrose, a-, and j3-, I. 136d 
Acrylic and, 1. 137a 
Actaea raeemosa, J. 137a 
“ Acierol” I. 137b 
Actinine, 11. 302a 
Actinioerythrin, 1. 137b ; IT. 
401c 

Actinium, I. 137b 
Actinolite, I. 400c 
Actinon, 1. i38c 
Actinozoa app., coral from, III. 
360c 

Activators, V. 263d 
” Activin ” (.see also “ Aktivin ”), 

I. 140a 

Activity, chemical (.see alao 
Catalysis, homogeneous), 

II. 537b 

“ Actol” I. 140b 
“ Acton,” I. 140b 
Actor, I. 12c 
Acyl azides, I. 582b 
-- cyanides, prepn., II. 376b 

— halides, prepn., II. 370b, 

376b 

Acyloins, I. 140b 
Acyl peroxides, prepn., II. 373o 
“ Adalinr I. Mia 
Adamite, I. 4a ; 141a 
“ Adamon,” 1. 141a 
Adansonia digiiaia, 1. 141b 
Adenase, IV, 315a 
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Adenine, I. 141b ; II. 107a ; 

VI, 163o 

9 - Adenine - methyl - thio - 
pentoside, VI. 85o 
** Adenos,” 1. 142a 
Adenosine, 1. 142a ; VI. 85c 

— desamidase, IV. 31 5a 
Adenylic and, 1. 142a; II. 

287b ; IV, 31 lb 

Adenylpyrophosphate, V. 18b 

— - -creatine react ion, VI. 78b 

— in lactic and formation, V. 

34d ; VI. 77a, 7Sa 

muscle extract, VI, 75c 

Adeps colli eqmm, VI. 280c 
Adhesives, 1. 142b 
— , casein in. II. 4J4b 
Adipic and, 1. 143c 
Adipic anhydride, I. 114a 
Adipocelluiose, 11. 467a 
Adipocere. 1. 144c ; II. 25d 
Adipodialdehyde, 1. 144a 
Adipyl dicliloride, 1. 144a 
Adlumidine, 1. 145b 
Adlumine, 1. 145a 
Admiralty gun-nu'Uil, 1. 145b 

— wliite-metal, J. 145b 
“ Adnephrin,” 1. 147d 
" Adnic,” I. 115b 
Adonidoside (arc also Adonia 

uenidlia), II. 3S7b ; VI, 
85c 

Adonis vcnuiUa, 1. 145b ; VI. 
8.5c 

Adonitol, I. 145r' ; II. 206b 
Adonivernoside, 11. 3S7b ; VI. 
8r)c 

Adrenaline, 1. 145c 

— in toa.d poisons, 11. 38Sa 
substitutes, I., 14 7r 

“ Adrenamirye,” 1. 147f/ 
Adrenosterone, VI. 278b 
" Adronol,” I. 147f/ 
Adsorbents, coruinercial, I. 
15.5a; 11,315c; 111.270d; 
JV. 246d 

" Adsorbit” 1. 147f/ 
Adsorption, 1. 147d ; 111. 282b 
— , activat jui, JI. 510tt ; VI. 
21 4b, 31 4d, 373b, 377c, 3S0b 
ill catalysis (aec alao Cata- 
lysis; t'atalysis, hetn'o- 
geneous), 11. 422d 
— , “ nuilenilar,” VI. 315a 
'•Adurol,” 1. 155b 
Adynerin, II. 386c 
.£girine, 1. 450b 
^gle marmeloa, I. 155c, 585d 
“ Aeral,” 1, 253a 
Aerated and mineral waters, I. 
155c 

” Aerofloat 15,25 and 31," V. 

26.5d • 

“ Aeron,” I. 160a, 277a 
Aerosols, I. 160a 
" Aerosols,” V. 267d 
mrugo, I. 160b ; 111. 330 
.Sschynite, I. 160b ; 11. 512b 
.Sscigenin, I. 160c 
.Alscin, I. 160c ; VI. 85c 
.Ssculetin, I. 160c 
— , mcthoxy> III. 117d 
£sculinic and, 111. 27b 
jEsculic acid, 111. 27b 
jEsculin, 1. IMc ; III. 27a, 
413o ; VI. 279c 

JEsculus hippocaatanum, I. 
238d ; VI. 279b 

JEsculus app., I. 238d ; VI. 
88b, 279b 
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“ ^thacoir 1. 160^ 

** Mthocaine *’ or EUiooaine, 

I. lb, 160<7, 3(M)a; JJ. 31b 
*' JEthone;* 1. 160// 

Mihusa rynap'mm, 1. 160/7 ; 
III. 324// 

£tiocholamc acid, from di^ii- 
oxigenin, 11. 382b 
JEtioa/Zocholanic acid, from 
uzarigouiii, 11. 382b 
JEtiocholanone, relation to 
cIioJcbUtoI, 111. DOb 
JEtioporphyrin, III. H3tt ; VI. 
lU2rt 

— , relation to blood pigments, 

II. 2Uc 

“ Aetoxr V. 31)rid 
Aframomum anumiensc, I. 160// 

— mala, 1. 161a 

— melegueia, 1. 161a 
African marigold, 1. 161a 
“ AfridoW* J. 162b 
Afterdamp, 11. 323d, 344c 
Afwillite, I. 162b ; li. 150/ 
Agalite, I. 162b 
A^almatolite, I. 162/' 
Agar-agar, 1. 162//, 193b 

— - gel, 11 J. 290// 

reactions, I. 163b 
Agarobilla, arc Algarobilla. 
Agate, 1. 163r ; 11. HlTc 
Agate-amygdales, 1. I(i3(/ 
Agathic acid, 1. 164// 
^•Agaihin,” J. 165a 
Agave, I. 165a 

Agave 8'pp. and fibres, 1. 165// ; 

V. nnia, KlHb 
Agavoee, 1. JO.^a 
Ageing, 1. 165b 
Agfacolor lilni, 11. 4 10// 

Agfa Ultra (Vilour film, II. ITdla 
Aglycone, VI. 82c 
Agmatine, 1 . 171c ; V 1 . 1 1 4 a 
Agmatine in ergot, IV, 331// 
Agnolin. Srn liiinolin. 
Agnoaterol, Ml. 92// 

Agon, IV, 317// 

“ AgonoW’ I. 171// 

Agropyron repens, 1. 171// 
Agrostis past ure, VI. 132c 
“ Agurin,” I. 171// 

“ Aguttan,^^ I. 171f/ 

Ahouain, II. 3K0c 
" Aich jnetaW’ I. Hid 
AilanthuB silk, A. glnnduloBa, 
I. 171// 

Air-conditioning plants, VI. 
287a 

— -drying plant, IV, 78a 

, silica gel, IV, 79a 

— , liquid, fractional i/jn, U. 121b 
** Airoform,” I. Hid 

Airogen,” I. 171/i 
" Airol,” I. 171//, 700// 

A.l. Rounkol explosive, IV. 
.75(lb 

Ajacine, 1. 172a ; 111. 550// 
Ajaconin, 111. .550// 

Aiowan oil, 1. 172a 
" AkardiC I. 172a 
Akariton fat, IV. 80// 
Akrochordite, 1. 172a 
“ Aktivin " (see also “ Acthrin 
1. 172b 

“ Aktoprotein,^* 1. 172b 
" Akund," V. 160b 
Alabandite, 1. 172b 
Alabaster, I. 172i» ; II. 232b ; 

VI. 159c 

Alacreatine, I. 410b 


Alaite, I. 172// 

Alamosite, I. 172// 

Alanine, 1. 172// 

— , .acyl denvB,, 1. 174b 
jS-Alanine, 1. 175a ; II. 3U2c 
r-Alanine anhydri/lG, 1. 174a 
Alanine salts, 1. 173// 

Alanol, IV. 328c 
Alantolactone, alantolic acid, 
I. 175b 

Alant r/./)t, 1. 175b 
cycloAlanylalanine, I. 174a 
Alban or Albane, 1. 175c ; VI. 
158// 

“ Albany slip,” VI. 9// 

” Albargtn,** 1. 175c 
Alba-saponin, VI. 89b 
Albaspidin, I. 175c ; V. ISlr 
Albertite, 1. 175c 
” Albertohr U 175// 

Albite, I. 175/7, 201// ; V. 1// 

“ Albocarbon” I. 175// 
Alboleersin, V. 50/7 
Album gra’nim, I. 175// 
Albumin, blood sennn, TI. lOc 
Albuminoid ratio, TV. 001 b 
Albuminoids in plant unaK'iis, 
1 V. 593// 

Albumin, oxiOuUon, II. 27Hb 
pluuiol from, II. 303// 
Albumins, rice, li. 493b 
” Alclad” 1. 253a, 275b 
Alcohol (see also Ethyl alcobol), 
1. 175// 

— , al)solute, prejm., I, 103c, 
176b, 178b 
— , — , tests, I, 180// 
Alcoholase, 1. 20b 
Alcohol denaiurants, 1. 183f 

- , detn., IJ. t)83/t 

- - , mochyl, 1. tl92// 
Alcoholometer, Trall**h', 1. 

1 88c 

Alcoholometry, J. 185b 
Alcohols, fatty, from fats, 11. 
427b 

"■ 'i --i prepii. by /•atalytac 
hydrogenation, VI. 183c 

- for motor fuels, T. 192a 

- from carb/m monoxide (sfc 

also Eisclu^r-Tropsch syn- 
tlie.si.s), 11. 350b, c, 425c 

petroleum, J. 192c 

— , oxidation to acid.s, II. 362a 
Alcohol standards, 1. 179c 
Alcoholysis, IV. 349/7 ; VI. 
397a 

Alcornin or alcornol, 1. 193c 
Aldehyde-ammonia, 1. 22a 

re.sins, 1. 21a, 29a 

Aldehydes, I. 193c 
— , action in bread, II. 82a 
, c/nnponnds with sugars, II. 
289/7 

— from carbon monoxide, 11. 

350b 

— , luminescent oxidation, 111. 
23c 

— , oxidation, II. 362a 
-, prepn., IJ. 373c 
Aldebydines, 1. 197/7, 316a 
Aldehydrol, I. 21a 
Alder bark, I. 197/7 

— Buckthorn bark, I. 198a 
Aldol, I. 20b, 198a 
Aldolaae, V. 25//, 26c 

Aldol condensation, I. 26b, 
195/7, 198a i 11.123b 

, boron fluoride ca talyst, 

VI. 269// 


Aldoses, detection, 11. 293c 
” Aldrey,” 1. 253a, 277a 
” Aldurr I. 198b 
” Aldural," I. 253a 
Ale, JI. 104/7 
A16n’s (a-) acid, V. 329/7 
” Aletodin,^' 1. 517/7 
” Aleudrin,'' J. 198b 
Aleurites spp., I. 198b ; IV. 82/;, 
83c 

Aleurone grains, I. 198c 
Alexandrite, 111. 1 19a 
” Alexandrite, synthetical,” V. 
512/7 

” Alexipon,'* I. 199a 
Alfa, J. 199a 
Alfalfa, 1. 199a 

— meal, IV, 596b 
Alformant lamp, IV, 27b 
Algas, 1. 199a 

— , products from (acc also 
iodine), I. 162/7, 199a ; 

11. 403c; 111. /360c 
Algaroba, 1. 201b I 
Algarobilla. 1. 20lb ; IV. 276/7 
Algaroth, P/twdeiAof, 1. 201b, 
148// \ 

Algarrobin, 1. 201 /i 
Algin, T. 199/7, 200/x; 201/7 
Alginase, 1. 201/7 \ 

Alginic acid, I. 200//,\201/7 ; 1 1. 
298/; 

, salts, 1. 202a 

Alginoid iron, 1. 20.3a 
” Algiron," 1. 203a 
Algodonite, 1. 203a ; IV. 55b 
Algol colours, 1. 232c, 416a, 
418/7, 420a 

v;i1- (lyes (.see also Vat dyes), 
J. 2()6a 

Alipite, V. 430a 
Alite, II. lllb 
” A77ua7,” 1. 203b 
Alizarin (see also Antliraceue ; 
Anlliruquinone; Chny root; 
Madder), 1. 203b 
and allieil dye.s (see also A.n- 
thraquinone ; Antlu'aqui- 
jione dyes; Dyeing; Vat 
dy(‘H), 1. 203b, 212//, 402/7 
, 3-ammo-, 1. 22H/; 

, 1-amino-, 1. 206b, 22Hb 

— - Astrol, 1. 206a 

H, 1. 405/7 

BG, I. 231c 

- Bordeaux, see Quin alizarin. 

— Brilliant Cyanine (10, 1. 228// 
— , 3-bromo-, I. 220c 

Cardinal, I. 228b, 393b 

— Celestol, I. 230// 

— , 3-ohloro-, I. 220c 

— colours, Acid, 1. 120a, 404a 

- (Cyanine, I. 2()5b 
, G, K, I. 228c, 227b 

, WHS, I. 230b, 391// 

— Cyclamen R, I. 2.32b 

— Deljibinol, 1. 230c 

— diethyl oilier, I. 220c 

- dimethyl ether, 1. 220c 

— -3:5- and --3:8-diaulphonic 

acids, 1. 230a 

3:6- and -3:7-disulphonic 

acids, I. 390b 

— dyeing, Turk/^y-red oils in, 

II. 421// 

— dyes, diagram, I. 206 

— Emeraldol G, I. 230//, 393b 

— from madder, V. 416c 

— Garnet, I. 200a, 228b 

— GD, I. 225a 
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Alizeirin Geranol B, 1. 232h, 
23:»i, 407a 

— G, GD, I. 224^?, 225a 

— - Gl, I. 224d 

-- glycosidea, 1. 233^i 

— Hexacyamn, I. 213a, 227c, 

392a 

— in chay root, It. 523d 
— , 3-ioilo-, I. 220 p 

— Iriflol, I. 200a, 231a 

— - — K, I. 4056 

— manufacture, I. 216d, 402c 
, I'crkin’a process, I. 218a 

- a-methyl ether in chay root, 

I r. 523d 

/3-mrthyl ether, 1. 2206 
-3-inonosuli:)lionic acid, 1. 
3006 

— , a- or 4-nil ro-, 1. 22Sa 
— ,j9- or 3-nitro-, I. 2006, 228o 

— i’entacyanin, 1. 2276 
I^)\v^lcl■ W, 1. 220d 

- product ion, I. 210d 

, i)ropertiea and detection, 1. 
210a, 6 

quinoline, I. 2006 

— IIG, SDG, VG, I. 22 Id 

— llubiiiol, T. 200a 

- — G, K, 1. 232a, lOOd 
Saphirol. 1. 2056, 303(/, 304c 

A, 1. 230d 

B, KK, I. 200a, 4036, 405« 

— SDG, VG, 1. 224d 

— 3-suiphonic acid, I. 2006 

— Uranol B, 1. 4 076 

— - B, J. 231c, 4076 

— VG, 1. 224d 
Viridine, I. 232a 

, FF (By), J. 404c 

Alkalbir, 111. 540a 
Alkali-beryl, T. 084 c 
• - -cellulose, viscMise pioce.ss, 
I17d 

“ Alkali, dense ” or “ liplit ,” 
for glasaniakiiip, V. 500d 
Alkali molals,dctu., electrolytic, 
II. OOOd 

, rare, qualilative vc- 

aclions, II. 550c. 5036 
Alkalis, detn. in clays, 111. 
203c 

— , - , — rocks, 1 r. 5S5c 
Alkaloid borates, II. 50r' 
Alkaloids (in general), 1. 233c 
' classiFication, I. 236c 
— , detn., I. 236a 
— , test« for, T. 235a 
Alkaloid V., VI. 2n0d 
Alkanet, I. 236d 
Alkanna, Alkannln or A1- 
kenna, see Alkanet. 
Alkersin, IT. 188c 
“ Alkasal," “ Alkasol” I. 238c 
Alkasiir I. 238c 
“ Alkyd " resins, I. 238c; II. 

469a ; VI. 04o 
Alkylacetylenes, I. 117d 
Alkylacridines, I. 127c 
Alkyladiplo acids, 1. 1446 
Alkylbenzenes, bromination, 
11. 320c 

jS-Alkyl-d^^-butadienes, I. 

80d 

Alkylnaphtbalenes, T. 400d 
AUanite {see also Ortbile), I. 
238c; 11.6126 

Allantoin, d-, dl- and 1-, 1. 238c 
AllantoinaseB, I. 239d, 240a 
Allantom, detn. in urine, 1. 240a 


Allantoin, prepn., frtmi uric 
aeiil, 1. 2306 
Allemontite. 1. I30d 
Allenes, 1. 2406 ; TI. 1506 
Allen-lVloore electrolytic coll, 
III. 53c 

Alligator pear, 1. 5006 
** AUional,” see “ Allonal.” 
AUiumin, V. 420a 
Allium satiru7n, J., sjip , V. 
420a 

— schoe}iopirasiwi. III. 34c 
Allobarbitone, III. 573a 
Allocholesterol, JH. 01c 

Allochrysine,” J. 241d; VI 
1106 

Allocryptopine, 1. 241 d ; 11. 

528a 

Allodelphite, I. 241d 
Allolactose, J. 242a 
Alloznerisation of chloro- 
phyll, 111. H4d 
“ Allonal” 1. 2^a, 02:ia 
Allophane, III. 100a 
Allophanic acid, santalvl est<‘r, 
T. 212tt 

“ Allosan” J. 242a 
AUoso, T. 242a ; Tl. 2S0a 
Allotropy, J. 242a 
Alloxan, I. 243d 

— , alkyl deriVH., I. 21.56 

— aniline siiljdule, 1. 21.5d 

— , aiyl (lerivH., 1. 21.5c 

, colour react ions, J. 214f/ 
coiidcrisiition with .Hrcan.dic 
aniiiK's, 1. 217a 
— , — - diamines, J 210r 

— , — - liYdroxvlaimne, 1. 

210a 

-, — kelones, I. 2 17d 

— diitiellivlanilme siilpliilc, 1. 

2l.5d 

liydra/.ones, I. 2406 
Alloxanic acid, 1. 21 Id, 2486 
Alloxan, pot.us.siuni, 1. 2156 
Alloxantin, 1. 2486, 2l0d 
— , absorplioii s| art rum, 1. 
2l8d 

Alloxazine, 1. 2]0d 

— , free radical from, 1. 2 Kid 

Alloys, see Alloys, liglil ; Amal- 
gam ; Hume - Bolberv’.s 

rule; and individu.d 

metals. 

— , analj'sis, aiiectroseopic {see 
also A-ssaying ; individual 
metals), II. 092a 
— , olectrodeposition, IV. 2706 
— , light, I. 250a, 27.5d 
— , jdalcd, I. 253a 
Ally! radical and compounds, 
I. 256a 

— acetate, I. 256a 
Allylacetic acid, J. 250a 
Allylacetone, 1. 2506 
Allylacetylene, 1. 2566 
Allyl alcohol, J. 2506 
Allylamines, 1. 2576 
Allylaniline, J. 257c 
Allylbenzene, 3-iiietlioxy-4- 

hydroxy-, IV, 394c 
Allyl bromide, J. 257d 
chloride, I. 257d 

— cyanamide, 1. 258a 

— cya,nidt.‘, 1. 2586 
Allylene, 1. 119a; TI. 2816 
Allyl ether, I. 2586 

— ethyl ether, I. 258c 
AUylguaiacol, lY. 3056 
Allyl iodide, I. 258c 


Allylmalonic acul, 1. 258d 
Allyl mercaptan, J. 2r)8d 
-- mustard oil, 1. 258d 
nitrite, 1. 258d 

— ■ phenyllhioureu, I. 259a 

— polysulphides iu garlic, V. 

429a 

— pyrrole, 1. 259a 

— sulphate, 1. 259a 
' — sulphide, I. 2.59a 

- iwotliiocyarialc, I. 258d ; III. 

Kid 

- thiourea, I. 2596 

— I nlironiirie, f. 259c 
“ Almalec,'* 1. 277a 
Almandine, I. 259c ; V. 129c 
“ Almasilium," 1. 277a 
Almond, 1. 259c 

esseiil i.'il oil, J. 260d 
-- (Ml (fatty), i. 20(ia 
Almonds, suert, enzyme from, 
2836 

Alniresinol, 1. 19Sa 
Alnulm, 1. ]97d 
“ Alocoir T. 2616 
Aloe-emodin, J. 2616 

— fil.res, T. 2616 

— reMiis, T. 20 Id 
Aloes, Intter, 1 . 2616 

. wood, I. 262c 
Aloinose, I. 15 la 
Aloins, 1. 20 Id, 2i)2d 
" Aloxtte,'’ I. 4a, 202d 

gl.iss-gnnd mg stone, V. 598d 
Alpaca, I. 262d 
“ Alpax:* I. 2516, 262d, 277c 
Alphanol d^es, J. 262d 
Alphofien,'' J. 2^2(1 \ IV. 2 He 
Alphoir I 262d ; IV. 29d 
“ Alphozone,y i. 262d ; 1V\ 2Hc 
Alpinia (mI, ui. uuduvrensis^ 
J. 263a 

Alquifou, aliiuiroux, 1. 263a ; 
V. 415c 

•^Alsii:* IV, 2lHc 
Ahoir 1.263a 
Alstonia bark, T. 263a 
Alstonia frpp., alkaloids, 1. 203a 
Alstonidine, alstomni', 1. 203c 
Alstonite, 1. 263d, til .36, 038a 
" Altai," 1. 263d 
Althaea offiehmlis, I. 263d 

- - rosea, 1. 264a 

Altbeein, altludn, 1. 264a; VI. 

Hr^d 

Altrose, I. 2646 ; II. 280a 
Aludel, 1. 2646 
" Aludur," I. 277a 
Alum, ammonium, T. 290c 
“ Alumatol,” J. 264c 
Alum, burnt, 1. 295d 
" Alum cake,” 1. 2896 
Alum, chrome, or chromium, 
III. lOOd 

Alumiw, I. 290d 
“ Alumilite ” protection of 
metals. 111. 392c 
Alumina {see also Corundum ; 

Gems, artiiicial), 1. 281a 
— , calcined or hydrated, for 
glass making, V. 501c 
— , catalytic action on metliane, 
11. 349d 

"Alumina hydrate” I.290d 
Alumina i)roduct ion, L 205d ; 
II. 320a 

- white, J. 3W0d 
Aluminates, 1. 2846 
Aluznine hydratde dcs Beaux, 

I. 650c 
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Aluzxunite, 1. 2Glc, 28Ga 
Aluminium, I. 264c 

— acetate, I. 292c 

— acetylacetone, I. 293a 

— , action on phenol, II. 306f/ 

— alkyl halides, I. 2036 

— alkyls, I. 293a 

— alloys {nee also A1Ij)Vh, light), 

1. 250a, 27r)d 

— and chromium, analytical 

separation, VJ. 2996 

— as trace element, I. TiOid, II. 

4906 

— liorates, I. 29 Id 

— borides, I. 291c ; II. 306 

— - borocarbide, I. 292a 

— boroUirtrate, II. 30c 

— bnLSses, bronzes, etc., I. 27fJd 

— bromate, I. 28Ha 

— - bromide, I. 287d 

carbide, I. 291 d ; II. 281c 
— , formation, II. 300a 

— carbonate, J. 292tt 
‘ - carbonyl, 1. 292a 

— -cerium alloy, IT. 507d 

— , chemical iiroport-ie.s, 1. 273a 

— clilorate, 1. 287c 

— chloride, I. 286d 

— chloro-fomiate, I. 292c 

— chlorosuljdiate, I. 291 « 

— citrate, I. 293a 

— -containing minerals, for 

glassmaking, V. .50 Ic 
corrosion by inorganic sub- 
stances, I. 273d, 274a 

— , organic sutistaiicos, I. 

274r 


— , previ'^nt ioii, I. 275a 

- cyanainide, 1. 2926 

— cyanide, 1. 292a 

— , detection and deln., I. 2796 

— , - bv micro-inetliod.s, I, 

279d 

, detn., assay, 1. 521d 
— , — , rolorinietric, 1. 279c; IT. 
rt09d 

— , , gravimetric, I. 271>6 ; II. 

591 d 

, in flay. 111. 2()2c 

, food, II. 050d ; V. 

292c 

— , — , volumetric, 1. 2796; II. 
6506 

- dithionate, T. 291a 
dwip reaction, II. 579c 

— , electrodeposition, IV. 270a 
— , electroplating on, 1. 278d 

- ethoxidc, I. 28c, 2936 

— fluoride, I. 285d 

- foil, I. 2786 

--- formate, 1. 292c 
• — gluconate in tanning, II. 
2076 


higher oxides, I. 283c 
— hydrogen compounds, 1. 280c 
' hydroxide, I. 283c 

gels and sols, I. 283d 

. , mineral form, II. 25r 

-- hypochlorite, 1. 2S7c 
— , industrial uses, I. 2786 

— iodate, I. 288c 

— iodide, I. 288o 

— methoxide catalyst, II. 350d 

— nitrate, I. 2856 

acetate, I. 285c, 293a 

— nitride, I. 284d 

— nitrite, I. 2866 • 

— oleate, I. 293c 

— organic compounds, 1. 292c 

— oxalate, I. 2036 


Aluminium oxide, I. 281a; 
IV. 175a 
paint, I. 278c 

palmitate, 1. 293c ; V. 195c 
' - perchlorate, I. 287c 
— I physical properties, I. 271d 
— , polishing, I. 278d 
powder, 1. 278c 

— production, carbon elec- 

trodes, I. 208d 

, electrolytic, I. 265a, 269c 

, reduction Jurnaces, 1. 

269c 

— , qualitative reactions, II. 
548a, 552a, 66Ha ; IV. 173d 

— , , rare metals present, 

IJ. . 5.56d 

- selenate, I. 2916 

— selcnide, 1. 291a 

— selenite, I. 291a 
seleriocyanate, I. 292c 

— - silicate, in building materials, 

II. 1336 

— silicat.(‘s, J. 2916 
-- stear.'ite, 1. 293d 

siibchlnrides, 1. 280d 
' subOuorides, I. 28.5d 

— suboxidos, 1. 281a 

— .sulphate, 1. 288d 

acetate, 1. 292d 

-- .sulphide, J. 288r 
sulphite, 1. 288d 
tartrat,e, J. 293r^ 

— lelhirale and telliiride, 1. 

2916 

-- tellurite, 1. 2iH6 
t liiocyanate, 1. 2926 

- I riu'obutoxide, H. 170c 

- triplienyl, I. 2936 
-vessels in MeOll synthesis, 

11. 35(f6 

Alumino-ferric , I. 289e 
Aluminon, 1. 280a, 296d 
Alum, iron, 1. 293d 

— -meal, I. 29.56 

— , mineral, I. 26 Ir, 291a 
** Alumnasol” 1. 296d 
“ Alumnol” 1. 296d ; IV. .30a 
Alum, pota.sli, or potas.sium, 
1. 291a 

“ roc’k (.see also Aluriite), J. 
294tt 

Alums, T. 293d 
Alum-shale, 1. 297a 

— , soda, or sodium, I. 290a 
st.<me («cc also Aliini(e), I. 

297d 

“ Alundum” I. 2976, 6576 ; 111. 
399c 

Alunite, I. 264c, 294a, 297d 
Alunogen, I. 289a, 298c ; IV. 
.591 d 

Alva, I. 199a 
" AZear.” I. 90r, 94d 
Alvite, VI. 169a 
“ Alypin” 1. 2^e, 369a 
Amadou, I. 298d 
Amalgam, I. 298d 
Amalie acid, 1. 249e 
Amandin, I. 300d 
Aman^ dyes, 1. 300d 
Amanita mvsearia I. 30(hZ 
Amaranth, I. 300d 
Amarillite, 1. 300d 
Amarine, VI. 69a 
— , luminescent oxidation, III. 
24a 

“ Amatin,^' I. 301a 
Amatol, 1. 301a 
Amatoxol, 1. 301d 


Amazonite, amazon-stone, I. 

301c 

Amhaline, I. 301c 
Ambari, V. 164e 
Ambatoarinite, I. 3706 
Amber, I. 301d 
“ Amber/' I. 303a 
Amber, artificial, I. 302c, 014d 
essential oil, T, 303a 
Ambergris, I. 3036 
Amberite, 1. 303d 
Ambler gas analysis .appara- 
tus, 11. 677a 
Amblygonite, I. 303d 
Ambrem, I. 304a 
Ambrette, I. 304a 

musk, 1. 3046 

Ambrettolide, T. 301a 
“ Ambrine,” I. 3046 
Ambrite, I. 3046 
“ Ambroid," 1. 3026 
Ambrosia nriemisi folia, I. 3046 
“ Ameisine," I. 3(H6 
Ameliaroside, Vll 03c 
" Amenyl," I. 304r\ 

American Alloji” 1, 2.53a, 
277e \ 

American ashes, l.\304c 
" Ameroid," I. 304c \ 
Amethyst (dye), I. 305e, 576r 
(ijuartz), I. 304c \ 

— , oriental. III. 398d 
Amianthus or aniiantos, 1. 

304c, 499c 

Amide powder, 1. 304c 
Amides, prei)ii., TI. 371a, 375c 
, reduction, 11. 374 d 
Amidine dyes, I. 304d 
Amidines, 1. 304d 
Amidogi^ne, IV. 1t)3a 
“ Amidol," I. 305a 
Amidopyrine," J. 305a 
Amidoxyl })pnzoate, I. 3056 
Amines, 1. 3056 
— , aromatic. potent iometric 
detn., 11. 707a 
— , catjilytie prepn., 11. 12Sd 

— , formation, 11. 3776 
,j)hysi(.il iM’operties, T. 310, 

311 

, iirmiary, detn., II. 6276 
, reactions, 1. 312a 
Aminoacetic acid, VI. 71 d 

— acids, benzyl cstei-s, VI. 

72d 

Amino-acids, I. 316d 

, acyl derivs., I. 319d 

, esters, I. Sllta 

of rice proteins, II. 493c 

~, reagent for, I. 3246 

, salts, I. 319a 

— , synthesis, II. 369d 

Aminochrysene, dyes from, 

III. 118d 

“ Aminoform" I. 320a 
Aminoformic acid, II. 2786 
Azninolysis, 1. 322a ; IV. 349d 
Aminopeptidase, IV. 325a 
“ Aminophyllin" 1. 326a 
Azmnines, I. 284d, 326a ; III. 
327d, 334a 

Ammodendrine, I. 3266 
Ammolin, II. 29d 
Ammonal, 1. 3266 
Ammon, carbonit, IV. 554 d 
Ammonia, I. 326d 
— , absorption in sulphuric acid, 
I. 346d 

— , aqueous solution, I. 328c. 
330a 
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Ammoziiacal litiudr diKtilla- 
tioD, I. 344cf 

, phenol from, II. 303rf 

Ammonia, catalytic oxida- 
tion, 11. 4245 

— , cracked, for hydropen sup- 
ply, I. 330d ; VI. 33.5a 

— crackers, VI. 33.5a 
Ammoniacum, 1. 356r 
Ammonia, detn., gravimetric, 

II. 598c 

— — in gases, II. 681 d 

— , , micro-method, II. 

0815 

— , — , volumetric, II. 645a 
from hlnst-furnace gas, peal 

and shule, I. 342a 
coal-, lignite- or pro- 
ducer-gas, I. 33Sd 
in tire extinguishers, II. 356r 
, liquid, as solvent, I. 3315 

— - jiroduction, I. 331c, 33.55 

— , qu.'ilitAlive reactuins, H. 

.553rf, 572c 

- recovery as liquor or sul- 

phate, I. 349a, 350a 

, direct and hcmi-direct. 

processes, I. 3405 ; III. 
2625 ; V. 461a 

- -from coke-oven gas. 111. 
205a 

, indirect proce.s.s, I. 3405 ; 

V. 459a, 16 1 a 

, luyTrin or Power (las 

Porpn. system, 3755 
Moiul system, V^ 374c 
-soda process, 11. 32(la 

— syntiu'sis, T. 33 Ic, 3355 

, ATiieriCMii processes, I. 
338a 

, catul]^^sls, T. 333f/ 

, direct, r, 332rt ; II. 123f/ 
, hydrogen production for, 
(see also Tlvdropeu jiroduc- 
tion), 1. 334c ; VI. 333d 

, theoretical basis, JJ. 534c 

— , tcichnieal, as liquor and 
anhydrous liquid, 1. 350c 
Ammoniated superphospliati', 
I. 353d 

Ammonite, TV. 551a 
Ammonium hienrhonale, I. 
35 Id 

— borate, ocrurieiice, 11. 355 
calcium ferrocyanidi', HI. 

470d 

carbamate, I. 351c; IT. 2785 

— carbonate, 1. 351c 

— chloride, I. 351 d 

, vapour derLsity of dry, 

IV. 805 

' - chromate, III. 111c 

— "yanate. 111. 507a 

— dichrom.atc, 111. 111c 

— ferrocyanide,, 111. 470c 

— ferrous ferrocyanide, 111. 

471c 

— nitrat-c, I. 3.52c, 354a ; IV. 

464a 

— N - nitrosophonylhydroxyl - 

amine reagent, II. 5835 

— persulphate in flour, IT. 81d 

— phosphate, I. 352d 
, mono-, V. 223o 

— , qualitative reactions, II. 
553d, 572c 

— salt<s, I. 331a, 350d 

in candle wicks, II. 205a 

— flameproollng 
with, V. 198c 


Ammonium sulphat e from 
coke-oven gas', 111. 2685 

— gas liquor, I. 347c 

— gypsum, I. 351a 

, production, I. 342a, 350d; 

II. 4245 

— thiocyanate, III. 508d ; VI. 

143a 

Ammonolysis, VI. 397a 
Ammonpulver, 1. 357a 
Axnmophos, I. 353d 
Amolonin, VI. .S5d 
Amoaite, I. 5ou5 
Ampangabeite, 1. 3575 
Ampelopain, i. 3575 ; IV. 
554c 

" Amphetamine ” IV. 318a 
Amphibole-asbeBtoa, 1. iOtr 
“ Amphotropin" T. 357d 
Amydricaine liydroc.ldorule, 
1. 298c, 369a 

Amygdalase, II. 442r ; IV. 
282d 

Amygdalin, I. 259c, 2605, 

357d 

— gentiobiose in, II. 2995 
i^oAmygdalin, VI. 85d 
“ Amygdophenin"' 1. 358a 
isoAmylacetal, I. 36a 
Amyl acetate, in tiliu dopes, 
IT. 4485 

— — in lacquers, II. 469a 
, production, IT. 47 Id 

, specilieallo’is, 11. 4725 

fsoAmylacetic and, V’J. 2055 
isoAmylacetoacetic acid, ethyl 
ester, J. 6tc 

Amyl alcohol ;is btahilisc'r, 1V\ 
521c 

Xiroductioii (srr also I'^usel 

oil), 1. 17.S5, 360a; JI. 

47Id 

— alcohols, I. 35.85 
n-Amylamine, 1. 3615 
isoAmylamine in «‘rgot, IV. 

33 Id 

Amylan, a- and /?-, 1. 363a 
Amyl and ain^l compounds, 1. 

358a 

Amylarine, I. 363c 
Amylase (mcc aJ»o Diastase ; 
RreAving), T. 363c; TI. 
.302c; IV. 311d, 3135 ; VI. 
3955, 396d 

, a- ami )3-, in hrewing, 11. 88a 
m millet, TI. 4865 

rice, IT. 49.55 

Amyl bromide, 1. 3015 
(.voAmylcupreine, 111. 161c 
Amylenes, I. 36 Id, 3645 
Amylenol, I. 362d 
Amyl esters, I. 361, 362d 

— ether, I. 362a 

— fluorides, I. 362a 
isoAmylformal, I. 345 
i^oAmylhydrocupreine, HI. 

1685 

isio Amy Ihydrocupreinae hydro- 

rhloridium, IV. 392c 
Amylobacter periinovomm, V. 
1.59c 

Amylodextrins, II. 88a, 298d ; 

HI. 567d, 568a 
“ Amyloform” I. 365a 
Amylokinase, II. 8Ha 
Amylopectin, I. 365a 

— in rice, H. 494c 
Amylopsin, 1. 6905 
Amylose, I. 365a 
Amylosynthease, II. 49.5c 


610 


2-n-Amylquinoline, 4-melh- 
oxy-, 111. 402d, 463a 
isoAmyltrimethyl - ammon * 
ium h^’^droxide, I. 363c 
Amyrilene in cacao butter, II. 
18.5d 

Amyrina, a- and d-, 1. 365r ; 
JV. 27.5c 

“ Amytal” J. 365d, 3685, 023a 
Anabasine, 1. 365d 
“ Anacardic acid,” I. 366a 
Anacardium nut, A. arcidcn- 
iak, I. 125, 365d 
” Anaesthesine or ” Anesthfeiiie” 
I. 3665, 3695, 37 Ic 
Ansestbetic acetyletie, 1. 367c 

— cJiloroforni, I. 367c ; 111. 

795 

” Chlortjl," IV. 3.59a. 

— di vinyl ether, I. 368a 

~ ether, I. 3675 ; IV. 380d, 
388a 

— ctliers, comparison of, IV. 

3.53c 


— eth>l chloride. I. 3675 

— ethvleiie, 1. .'lOTd ; VI. 373a 

— nitjoiis oxide, 1. 367a 
AnEBstbetics, I. 3665 

— , explosion risks ^^lth, 1. 368a ; 

JV. 3S8a, 427c 
— , local. 1. 368c 
Anagyrine, Anagyris foetida, 

I. 369d 

” Anahsemin,” VI. 204d 
" Analgen” J. 369d 
AnaJgesine, 1. 369d 
” Analutos,” 1. 370a 
Analysis, alisorjilion spectra 
in, 11. 709a 

, azeotropes in, 11. 711a 
I chemicHl {fire also Assaying), 

H. 5415 

, chromatographic, 11. 628a ; 
IV. 171c 

combustion, of carbon com- 
pounds, II. Olfia 
' , micro-method, IT. 630c 
, drop reactions, H. .579c 
, electroclieiniciil, conduc- 
tivity methods, H. 6925 
— , inner electrolysis in, H. 
699c 

— niicro-niethod, 11. 699c 
eleetrodefiosition melliods, 

II. 6951’ 

electro-, Hildebrand’s 

method, II. 699d 
, gas, IJ. 67 Id, 687d 
, gravimetric, IT. 582c 

-, with nqiferron, II. 5835 
, — , — oxine, 11. 5835 
. — , — quinaldinic acid, IL 
583c 

, hydi’oge nation, macro- and 
micro-, VI. 3595 
, micro-, detn. of organic 
radicals, H. 633d 
— gas, 11. (J80d 
, — gravimetric methods, II. 
6205 

-- , — volumetric methods, IT. 
633d 

— of carbon compounds, tests 

for elements, ll. 616o 

dyes, IV. 174c, 194d, 

239a 


— , polarographic, IT. 7105 
potentiSmetric, H. 702d 
- , xiroximate, of carbon cod' 
poll' ids, II. 6235 
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INDEX 


AnalyslB, qualitative {sec also 
Borax beacla ; ("ohalt nitrate 
reacliona ; Flame eolora- 
tions ; Microcosmie salt 
beads ; “ Silica skeleton 

test”), II. 645d 

- — , dry tests, II. 54,7a, 5485 

■ — I groups I and li, II. 

551a, c 

- , — , Rroiip III (pliospliates 

absent), II. 5.52a 


, (plio.spJiatcs pre- 

sent), II. 5r.2a, 6 


IV. II. 5525 


— , — V. II. .5.52a 


- , - , — VI. H. 554a 
— , " , open tube method, II. 
5175 

— , , rare metals absent, 11. 


5ri0r 


— , - — present, 11. 554a, 
550r/ 

— , solvent- act ion of mineral 
acid, II. 54t)5 
quantitative, II. 5H2c 
reactions of organic acids, 
11. 509a 

rare earth metals, II. 

508c 

special reactions, II. 50. 5d 
spectrum, see .Spcct-rmn 
analysis. 

” spot ” test'S, see. Droj* 
reactions. 

titration, conductivity 

method, II. fl92d 
ultimate, of carbon com- 
pounds, II. 015a 
voliunetric, II. 034 d 
' calibration of vessels, 
IT. 035c 

— , detn. of combined acids, 
II. 0405 

- free acul in .salts, 

11. 0405 

— , iodine, tliiosulpliate and 
arsonit-e methods, 11. 0485 
— , of acids, II. 61.5a 
— , — alkaline suhstances, 
II. 644a 

— , standard solutions, II. 
641c 

— , with ceric sulphate, II. 
647d 

— , — dichromato, 11. 6475 
— , — permanganate, II. 
616c 

— , — silver nitrate, II. 
649c 

— , — stannous chloride, IT. 
0495 


— , — iitz/inoiis chloride, IT. 
6490 ; IV. 239a 
Anamirta paniculain {see also 
Cocruliia hidicus), I. 370« 
Anaxnirtiii, 1. 370a 
Ananas salivas, T. 458d 
Anatase, I. 370a 
” Anayodin," I. 370a 
Ancylite, I. 370a 
Andalusite, 1. 204d, 3705 
Andeer’a lotion, IV. 29c 
Andeaine, 1. 370c 
Andesite, I. 370c 
Andiroba oil, II. 2775 
Andorite, I. 370d 
Andradite, V. 4295 
AndropoTOn oils* {see also 
Citronella), III. 183d 
Androsin, I. 370d ; VI. 85d 


AndroBtaxi-3-ol-17-one , I . 
370d 

J 4‘^-Androflten-3-one-17-ol, 
I. 371a 

Androsterone, ris - andro- 
steronc, I. 370d, VI. 274 d 
Anemolic acid, 1. 3715 
Anemonin, anemoninic acid, 
I. 3715 

“ Anesin ” or “yl»ic.9on,” sec 
Acetone-chhmdorm. 

“ Anesthesine ” or ‘‘ Arm'sthe- 
sine,” I. 3665, 3695, 37 1 c 
“ Anestile,'* IV. 359o 
Anethole, I. 371c 
Anethum gravvolens, I. 371c ; 
TV. 4c 

Aneurin, 1. 371c, 5835 ; VI. 
13Hd 

Aug's! electrolytic cell, 111. OKa 
Angelica, essential oil, I, 371c 
Angelina, I. 371d 
Anglesite, 1. 371d 
” Anglopyrin,'' 1. 5i7r/ 
Angostura or August ura })Mrk 
(.see aUo Ousparia. h.ark). III. 
4625 

Angosturin and .ingost urine, 
JIT. 463a, c 

Angular lea f spot , V. 1 3tJa 
Anhaline, 1. 37 Id ; VI. 200a 
Anhydrides, acid, jireiin., 11. 
3705 

Anhydrite, J. 372a; II. 1295, 
130a 

conversion into iimmoniuin 
sulphate, Jl. 4245 
“ Anhydrite, msoluhle ” and 
” soluble,” II. 130a. 
Anhydroazafrinoneainide, IT. 
395d 

Anhydrobrazilic acid, 11 . 09r7 
Anhydrocapsanthinone , 11 . 

273a 

Anhydrogitalin, 11. 3815 
Anhydrone, 111. OSd 
Anhydro-osazones, II. 2i)35 
Anhydropermonosulphuric 

acid, II. 393r7 

Anilic acids, jireii.-i-ralion, Jl. 
3715 

Anilides, preparation, Jl. 3715 
Aniline, 1. 372c 
Blue, -Brown, -Bed, -Scar- 
let, 1 . 376d 

— from phenol, II. 307a 

— nitrite, III. 5S]a 

, 0- and p-nitro-, 1. 39a 
■ pyrolysis, II. 278r 
— , ietruTiitro-, IV, I87rf 
j9-AnilinobutaIdehyde clhyl- 
acctal, t. 305 

Anilinobutylideneaniline , T . 

29d 

Animal oil, II. 20c ; VI. 1355, 
280d 

— - — , Dippel’s oil, II. 20c 
Animd or Animi, see Elcmi. 
Animin, II. 29d 

Anion acids, VI. 247a 
Anisaldehyde, I. 376f7 
Aniseed, 1. 376d 
Anise oil, I. 377a 
Anisic acid, I. 377a 
Anisidine, o-, n?-, a-nd 71 -, I. 
3775 

Anisole, I. 377d 
— , «-trinitro-, IV. 484a 
Ankerite, 1. 378a ; IV. 53d 
“ Annaline,” VI. 160c 


Annatto, I. 378a 
Annealing, I. 379a 

— , bright, VI. 334c 
Annivite, IV. 590c7 
Anode cfliciency, IV. 201 r 
Anodic oxidation of metals 
III. 3925; IV. 27 Id 
Anodisi^, IV. 27 Id 
Anodynine, see Antipyriiie. 

” Anogon,” 1. 380d 
” Ano7,” VT. 22.5d 
” Anon," I. 380d 
Anorthite, I. 201d ; II. 228c ; 
V. Id 

Anserine, I. 380d ; IT. 392a 
Antalgine {sec also Agatlun), 

I. 381a 

Anthanthrone, T. 420a 
Anthemene, anthemol, T. 381a 
Anthemis 'nobilis, essential oil, 
1. 381a ; 11. 520a 
Antheraxanthin, 381a ; 11. 

39 9d i 

Anthocyanidins, I.< 3815 
Anthocyanins, 1. \3185 ; II. 
1205, 1835, 2315\ 

— , sugar in, 11. 29951 
Anthocyans, I. 381 7i\ 
Anthophyllite, 1. 49)^ 
Anthorine, ^-anthorirte, I. 121a 
Anthracene, I. 382a \ 

— , a-dditivo compounds, J. 385c 

— , detn.;, 1. 380d 

from anthraquinoiie, I. 3885 
halogouation, 1. 3805 
— , hydrogenation, 1. 386c ; VI. 
352d 

oil, I. 1205 : III. 2085, 211c 

. m wood preservation, 11. 

308d 

, oxidation, 1 1. l2Sa 
Anihrachrome dyes, I, 387c 
Anthrachrysazin , see Anthra- 
chrysone. 

Anthrachrysone or ant-hra- 
chrv.sazin, 1. 2l3a, 22()C, 
t0.5‘a 

'2:l!-«l]sulpJiou.ite, I. 3!)2d 
Anthracite, V. 344(4 
Anthraflavic acid, .see Aiithra- 
llavin. 

isoAnthraflavic acid, I. 2 1 2d 
Anthraflavin, 1. 20na, 212d, 
223a, 402c 

isoAnthraflavin, J. 20(ia, 21 2d, 
2235 

Anthraflavin, 1 :5-diiiitro-, 1. 
392c 

— -3:7-disulphonic acid, T. 3tK15, 

3t)2d 

isoAnthraflavin, l:3:0:8-tetra- 
nitro-, T. 3n2d 

— -3:(l-disulphonic acid, T. 3905, 

392d 

[-Anthraflavone G, I, 41Sd 
Anthrafuchsone, 1. 431c 
Anthragallol, 1. 212d, 2235, 
402r 

Anthragallolamide, T. 223d 
Anthragallol, a- and j3-hy- 
(Iroxy-, 1. 212d, 220a 
— , di hydroxy-, T. 212d, 2275 
- 1:2- and 1 :3-dimctliyl others, 
1. 223d; II. .>24a 

— 4-nitro-, 1. 392d 
Anthrahydroipiinone, l:2-di- 

hydroxy-, I. 219d 
Anthrahydroquinones, 1. 
215a 

Anthralan colours, I. 407d 
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Anthranol, I. 215a, .'3886, 430a ; 

II. 410rf 

— , ilihydroxy-, 111. 127d 
— , l:2-dihyclroxy-, I. 21 Ud 
Anthrapinacone, I. 4H26 
Anthrapurpurin, 1. 200a, 

212d, 225a 

Anthrapurpurinamide, 1. 

225fi 

Anthrapurpuriii, hydroxy-, I. 
213a 

Anthraqumol, I. 3886, 430^/ 
Anthraquinone, 1. 200r, 207a, 
387f/, 505a 

acylamino-, valdyos, I. 205r 
, acyl derlvH., 1. 300d 
, alkyl dcrivs., 1. 305r 

- - , alkyloxy dorivs., 1. 2116 

- , 1- and 2-aiiiiiio-, 1. 200a, 
211c, 304r>, 4126 

- , l-ainino-2:3-diliy(lroxy-, 1. 

223f/ 

1 -amino-2 :4-dinitro-, 1. 302a 

- , 2-amino-3-iiilro-, 1. 302a 

— , 0 - amino - 1 : 2 : 5 : 8- 1 cl ra- 
hydroxy-, 1. 22Sr 

- , aroyl derivs., 1. 300f^ 

, aryl derivs., 1. 31)5c 

- , 2-chloro-, 1. 2086, 21()r^ 

402c 

- , chloro-derivH., 1. 307^^ 

- , l-(:lilor()-1-hy«lroxy-, 1. 402r 
, l-chloro-4-nil ro-, 1. 3026 

- colours, hrdlia.ncy, I. 420c 

- derivH., rei)Iaccment aclioris, 

1. 21 la 

, N : N' - dihciizoyl - 1 :5 - di- 
animo-, 1 . 232d 
dichloro-, I. 211a, 402c 

- 2:4 - dichloro - 1 - amino -, 1. 

207f/ 

, 1 :5-dichloro-4:8-dini(ro-, 1. 
3026 

— , l:S-dichloro-j:5-diiiitro-, 1. 
3026 

, 1 :8-dichloro-l-ni(T(»-, 1, 3026 
, dichloro-, disiilplionic acids, 
1. 300cZ 

— , - , iiioMosiilphouic acids, 1, 
300d 

- 5 1 :2-dihydrnxy- {nrr also Ali- 

zarin ; Alizarin ami allied 
dvcH), 1. 307f/, 402r; IT. 
523f/ 

— , l:3-dihydroxy-, 1. 220c 
— , 1 :3-dihvdroxy-l-aTiiiiio-, I. 
2246 

— , l:4-dihydroxy-, 1. 220d 
— , l:5-dihydroxy-, 1. 221 d 
, 1 :0-dihydroxy-, 1. 222a 
— , 1 :7-dihydroxy-, I. 2226 
— , l:8-dihydroxY-, anthranol, 

III. lioc 

— , 2:3-dihydroxy-, 1. 222c 

- , 2;0-dihydroxy-, 1. 228a 

— , 1 :5-dinitro-, 1. 200a, c ; 

21 Of/, 301 fl 

, l:8-dmitTo-, 1. 21 Of/, 301a 

- , 2:7-dinitro-, compO'X with 

chrysene, III. 118c 

- disul phonic acids, 1. 20Sd, 

200c, 21 Oc 

-2;0-disulphonic acid, 1:5- 
dihydroxy-4:8-diannno-, J. 
200f/ 

- -3:7-disulphonic acid, 1 :2:1:5: 

6:8-hcxahydroxy-, 1. 200d 

- dyes (sec aUo Alizarin and 

allied dyes ; Dyeing ; Vat 
dyes), 1. 402d 


Anthraquinone from iihtluilic 
aiilndnde and heiizeiie, 1. 
iOld 

- 1:2:3:5:0:7 - liexahvdroxv 

1. 227c 

~ “ , 1:2:4:5:0:8 - hoxahydroxy -, 
1. 227c 

— , 1:2:1:5:7:8 - hcxaliydroxy -, 

I. 227c 

— , 1 -hydroxy-, I. 210a 
— , 2-hydroxy-, 1. 2106, 402c ; 

II. . 521c 

- , 1 -hvdroxy-l-benzoylamino-, 

I. 200d 

1 - hydroxymet hyl -1:8- di- 
hydroxy-, 1. 2016 
, leiico-l:4-(iiaiuiuo-, 1. 1006 
. l-nitro-, 1. 200c, 210d 
, 1-nilro-, 5-and-8-suliihonic 
acids, 1. 30 Id 

- . 3 - iiilrn - 1:2: l:5:7:8 - hexa - 

hydroxy-, I. 2286 
, nuclear syntheses, I. lOOd 
-- , l;2:3:5:7-pentahydroxy-, 1. 
2276 

“ , 1 :2:4:5:S-penla,h5 droxv-, I. 
1. 2276 

- , ]»licno\v-dei‘ivs., 1. 2ll6 
, product ion, II. ‘i28a 

Anthraquinones, acylamino-, 
1. 200d 

Anthraquinone, 1 - salicyl - 
ammo-, I. 233a 

Anthraquinones. ammo-, 1. 
205c, 21 Ic, .301c, II 16 
, lialogenation. I. 3!I76 


diammo-. 

1. 2l2a, ,3026. 

305a 


(lihyiIro\\ • 

■, 1. 220c, 22 Id. 

222, 223* ! 

307d 

Iivdrt»\y 

1. 20.36, 21 2d, 

307d 



- - , , constitution. 1. 21.‘)c 

— , , lakes from, and [iropor- 

lies, I. 2]5f/, 210a 

- , - , rcdiichoii, 1. 215a 
Anthraquinone- 1 - ((n* -a-) siiI- 

phonic acid, 1. 2006 

2- (or -j5-) siilphonic acid, 1. 

210a 

sulpliomc a.rids, I. 208d 
l;l:r):S-totra-amino-, 1. 2126 
, I. 2086 

, 1.2:3: 1 - ietrahydrox> -, 1. 
220a 

, 1:2:5:0 - letrahydroxv 1. 
2206 

, 1 :2:ri:8 - telrahydroxy -, I. 
2206 

- , 1:3:5:7 - tetrahyilroxy -, I. 

220c 

- 1:4:5:8 - telrahydroxy -, 1. 

227a 

-thioglycollic acid dyes, I, 
232c 

-, 1 :4:0-trichloro-, 1. 402c 
2:3:0-tTichIoro-, 1. 402f; 

— , l:2:3-trihydroxy-, 1. 223c 
— , 1 :2: 4 -trihydroxy-, T. 223d 
— , l:2:r>-trihydroxy-, I. 224c 

- , 1:2:0- trihydroxy-, T. 224^; 

. 1 :2:7-li'ihydroxy-, I. 225a 
, l:2:S-trihydroxy-, 1. 225d 

, l;3;8-trihydroxy-, J. 21 2f/. 
225f/ 

, l:t:0-l.rihydr<ixy-, 1. 212d, 
225d 

— , l;4:8-trihydroxy-, I. 21 2d 

Anthraquino - quinolineB, I. 

aood 
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Anthrarobin, 1. 210d, 43.3a : 

111. Il7d 

Anthra Uubme I. 4 lac 
Anthraruiln, 1. 22 Id 

- as iiitenuediate. I. tor»a 
, diacetyl-, 1. 222a 

, 4:8-diuniino-, 1. 205(’. 212c 

- , 4:8-diinlro-, 1. 212d, 302c 

-2:0 - disulphonic acid, 1. 
3006, 302d 

hydroxy-, 1. 200a, 21 2d, 

22lc 

- , synthesis and prepn. 1. 

21 2d, 22 Id 

, 2: l:0:S-teli“aiiitro', I. 302r 

- -2: l:0:8-lelrasiilplioiiic acid, 

I. 3006 

Anthrimides, I. 4116 
Anthrone, 1. 200c, 215a, 3886 
, 1-cliloro-, I. 432d 

- , derivs., I. 132ff 

- prejm., J. 430a 
Anti-a^ers for nihher, I. 20d 
AntiEU'igenin, IT. 8H7c 
Antiarin, a- and |8-, I. 433a ; 

11.3S7c; VI. 80a 
Antiarose, 11. 3M7c 
Anti-catalysts, .sec also C’ala- 
lyst poisons. 

— - in drying oil, IV. 02a 

prepn. of bornyl 
( liloride, 11. 2.516 
Anti-chlor, 1. 4336 
Anticoagulants, blood, II, 
246 

“ Anticol,*' 1. 4336 
“ Anticorodal,” I. 253a, 277a 
Anti-corrosion, 111. 385c 
Anti-dimming mnliTials in 
resjiiralors, HI. IHd 

" Anfidin,”.J.4336 
“ Antifebrin,'" 1. 38d, 1336 
Anti-flash compounds, IV. 
52ld 

" Anttformin," 1. 4336 
Anti-fouling paints, Til. 383c 
Anti-friction mel.il, I. 440a 
Anti-froths, V. 2HI)a 
" Antifungin" J. 4336 
Antigen of blood, IT. 226 
Antihypo, I. 4336 
Anti-knock .'ulditinn to petrol, 

J. 074a ; IV. 4l7d, 440a 

— - - agents, inet-al carbonyls 

as, IF. .'15 8d 

" Antileprol,'' I. 433c 
" Antileutin," I. 4Mc 
Antimonials, aliphatic, T. 434a 
, alkyl, dilialides, 1. 4316 
, aromatic, 1. 435c 
cyclic, 1. 437c 

— , detn. of antimony in, IL 

0226 ^ 
— , organic, I. 433c 
Antimonine, 1. 439c 
Antimonious oxide, I. 418a 

pigment, I. 449c 

Antimonite, 1. 439c, d 
Antimony, 1. 439c 

- blende, 1. 430d 
bloom, 1. 430d 

, Diitter of, I. 417d 

— cacodyl, I. 431c 

chloride as chlorine carrier, 
11. 3536 

chromium alloy. III. 104o 

-- cinnabar, I. 447c ; II. 233d 

— crocus, t. 4476 

“ Antimony, crude,” I. 442o, 
4406 
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Antimony, detn., asHay, T. 522a 
— , — , colorimetric, II. H70c 
— , — , electrodepoaition method, 

II. 700a 

— , — , gravimetric, II. 0006 
— , — in enamelled ware, V. 
202d 

— , iodimolric, II. O.'ilc 
— I — * potentioinetrir, Tl. 707a 
— , drop reaction, II. 570(Z 

— -glance, I. VMhl 
Antimonyl compounds, I. 4ri8d 
Antimony, lurnincMcent re- 
action, III, 2\id 

— mordant, J. 148r 

, nickeliferoiiH grey, I. 431)f/ 
ore, 1. 4466 

— oxuhf BH catalyst, II. 350d 
, coraplexcsa with catechol, 

IJ. 431a 

for glassmaking, V. 5fl0a 

• “ oxychloride, I. 448a 

- pontachloride, chlorination 
catalyst, II. 428d 

— pentad uori do, I. 448c 
-- pent>asulphide, I. 447a 

qualitative reactions, II. 
551d, 57.3d 

— , , rare metals present, 

H. 554d, 550d 

— saffron, I. 4476 

— salt or salts, I. 4186, d 

— sosquisulphide, I. 4406 

• - ietroxide, I. 4486 

— trichloride, I. 447d 

, reaction with carotene, 

II. 304d 

— irifluorido, 1. 8c 

— trioxido, 1. 448a 
trisulphide, I. 4406 

“ Antinonin,'' 1. 448 ; IV. 3()r 
** Aniinosin," 1. 448d 
Anti-oxidants (see also In- 
hibitors, gum), VI. 468d 

— - — , addition to benz,olo 

motor fuel, I. 0746 

— - — for drying oils and 

rubber, II. 427r ; IV. W2a 

— - — ill food, II. 427c; V. 

300a 

“ Antiperiodyin," “ Aniipcriofi- 
tin” I. 440a 

“ Antipyrin ” I. 300d,449'f ; VT. 
300d, 3026 

Antipyrlne , 4 -d i m ct by lam i no - , 

I. 305a 

Antirrhinin, I. 449a 
Antiseptics (see also Disinfec- 
tants; Food preservatives). 
— , acridine, I, 133d 
— , benzoic acid, IV. 28c ; V. 
, 300c 

— , butyric acid, IV. 286 
— , camphor, IV. 30d 
— , carbon tetrachloride, IV. 30d 
- cinnamic acid, IV. 29a 
— , creosol, IV. 29c 
— , creosote, III. 420a, 422a ; 
IV. 29d 

— , cresols, IV. 296 
— , cresylic acid, III. 427d 
— , essential oils, IV. 30d 
— , halogenated aromatic com- 
pounds, IV. 30c 
— , hops, 11. 02o 
— , hydrocarbon, IV. 30c 
— , lanolin, III. 92c 
— , lysol. III. 427d • 

— , nitro-compounds, aromatic, 
IV. 30c 
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Antiseptics, perborates in, II. 
52a 

— , petroleum, IV. 30c 
Antitimin," I. 449c 
Antivenenes, antivenom sera, 
II. 24d 

“ Antodyne,” I. 449c 
“ Antox," X. 449c 
Aomai, II. 495d 
Apallagin, 1. 449c 
Apatite, 1. 449c ; 11. 204a, 224c 

— for suiierphoHphate manu- 

facture, V. flHc 

— in bone, 11. 27c 
Aphis sinensis, V. 426c 
Aphthitalite, 1. 4506 
Aphylline, I. 365d 
Apigenin, 11. 5206 ; V. 5146 ; 

VI. 171c 

Apigeninidin, 5-gluco8idyl-, V. 
529d 

A.P.I. gravity scale, J. 450c 
Apiin, J. 450c; If. 2S8d ; V. 
5146 

— in celery, 11. M 16 
— , met boxy-, VI. 92o 
Apionic acid, T. 4.’)0d 
Apiose, I. 450r ; 11. 28Sd 
Apis spf)., V. 5306 ; VI. 262d, 

2636 

Apium pefroseliniim, 1. 450d 
Aplite, VI. 1266 
cisApocamphoric acid, 11. 316 
Apocarnitine, J. 450ry ; II. 

391c 

Apocholic acid, compound 
with camphor, IT. 210d 
Apocinchene, 111. 1 1 la 
Apocinchonidine. 111. 153c 
Apocinchonine, 111. 157a 
Apocyclene, IJ. 2 l(»c 
“ Apolysin," 1. 450d 
Apomorphine methyl broiniile, 

II. Il8d ; TV. 401d 
“ i4pona/,” I. 450d 
Apophosphorylase, V. .';5r 
Apophyllite, II. 227r 
Apoquinamine, III. 169a 
Apoqumene, ill. 111a, 17Sa, 
Apoqu^dine, III. M9c, 1716 
Apoqmnine, ITT. 149c, 1766 
Aporeine, I. 450d 
Aporphine alkaloids (.src also 

isoQuinoline alkaloids), JJI. 
4006 

Aposafranines, 1. 570r, liirtr 
Aposafranone, I. 571a 
“ Apothesine," 1. 369a, 451a 
Apozymase, IJI. 250c 
Apple, I. 45ia 

— jack, I. 4526 

pulp, T. 4526 ; III. I24d 

Apples, cider, UI. 122a 
Apricot, I. 452d 
" Apyron," I. 4536 
^^Aquadagr I. llOd; II. 3106; 

III. 288a 

Aquamarine, 1. 6856 
Aqua regia, solvent in analysis, 
I. 4536 ; II. 549d 
Aquaresin G.M., I. 453c 
Aquilit, 1. 136a 
Araban, II. 287a, 162c ; VI. 
1 55d 

Arabic acid, I. 12a ; VI. 1506 
Arabin, I. 12a 

Arabinogalacturonic acid, II. 
298a 

Arabinose, 1. 453c ; 11. 2826 
Arabltol, 1. €54a 


i-Arabonic acid, 1. 453d 
Arachidic acid, I. 4546, 456a 

, crude, I. 4506 

Arachidonic acid, III. 2476 

Arachin, 1. 454c 

Arachis hypogcea, I. 454c ; VI. 

138a, 201c 
Arachis oil, I. 454c 
" Arachlor” IV. 11a 
Arachnoidiscus Ehrenbergii, I . 
103c 

Aragonite, I. 456d ; II. 2036, 
2206 

Aralia spp., I. 457 ; VJ. 80a 
Araligenin, I. 457a 
Aralin, VI. 80a 
Aramayoite, 1. 4576 
Arandisite, I. 4576 
" Arappo,” I. 653d 
Arariba rubra, I. .4666 ; Vt. 
188a 

Araroba, I. 4576 ; III. 1166 
Ararobinol, III. ll|6f , 1176 
Arbotrine, J. 457r I 
Arbutin, J. 457c : VI. 86a 
— , monohenzoyl, ll.\4436 
Arbutus uva ursi, 1. 457c 
Arcaine, I. 457c \ 

Arcanite, I. 1.506 \ 

Arcanoa^ (mollusc), I.\l57c 
Archangelica officinalis} !. 371c 
“ Archibromin," J. 457d 
Archil substitute, TV. 207a 
“ Archiodin," 1. 457d 
Arctic Ri>erm oil, 11. 53d 
Arctostaphylos uva-ursi, T. 6606 ; 
IV. 3336 

Ardennite, T. 457d 
Areca ralcrhu, 1. 458a 
Arecaidine, J. 158a 
Arecaine, 1. 158a 
Areca nut, 1. 458a 
Arecolidine, I. 158(^ 
Arecoline, 1. 458a 
Arenobufotoxin, II. 3886 
Areometer, ('artier's, I. ISSc 
Argal or Argol, T. 461d 
Arganine, J. 1586 
Argan oil, 1. 4586 
" Argentamine," I. 458c; l\'. 
26a 

Argentine, 1. 458c 
Argentite, I. 458c ; VJ. 206« 
Arghan hbre, I. 458d 
Argmase, I. 458d, 461c 
Arginine, dl- and 1-, J. 4596, 
4616 

— , occurrence, II. 182d ; III. 
19.36 

“ Argoferment," I. 461c 
Argoflavin, I. 131a 
Argol or argal, 1. 461 d 
Argon, I. 46ld 
— , detn., IT. 681d 
iJ‘ Argonin," T. 465d ; IV. 20a 
"Argulan," I. 465d 
Argyrescin, III. 27c 
Argyrin, HI. 27c 
Argyrodite, I. 466a 
" Argyroi:' I. 466 ; IV. 20a 
“ Arheol," 1. 466a 
“ Arhoin,” I. 466a 
Aribine, I. 4666 ; VI. 188a 
Aricine, HI. 128a. 151c 
Aristinic acid, I. 4666 
‘ Aristochin,^* I. 4666; III. 
1746 

“ Aristol." I. 4666 
Aristolochic acid, 1. 4666 
Arietolochine, I. 4^6 
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“ Aristi^uinine,'* see “ Arisio*^ 
chin" 

Armagnac, 11. 636 
Armstrong’s quinonoid theory 
of colour. III, 308d 
Arnica dowers and root, I. 4666 
Arnica montana, 1. 4666 
Ai^cin, 1. 4G6c 
Amisierol, 1. 4Q0c 
Aromadendrene , u romad eri - 
drone, 1. 466c 
Arrack, T. 467d 
•• Arrhenai," 1. 482h ; IV. 24f 
Arrhenius e(i nation, constants 
of, VI. 2260 

of the collision number, 

IV. 3496 ; VI. 227c, 229o 

heat of activation, 

II. 531d 

Arrow poisons, III. 4506 
Arrowroot, I. 4Ma ; II. 418c 
“ Arsacetin." 1. 468c, 487a ; IV. 
24rf 

“ Arsamin," 1. 468c, 486d 
“ Arsaminal," I. 468c 
p-Arsanilic acid, I. 48(3c 

, acetyl-, sodium sail, I. 

408c, 487a 

Arsanthrene, I. 491c 
Arsenate, dilmriuin, T. 041a 
— , lend, J. 178d 
Arsenates, detn., polciitio- 
luetric, II. 700a 

— , qualitative reactions, I. 

478c ; II. 5736 
Arsenic, I. 468c 
Arsenical Hiil itnony, 1. 139d 
Arsenic, alloys, I. 4726 
Arsenical pyrites, I. 409a. 
Arsenicals, aliphatic, J. 481c 
, aromatic, 1. 485a 
, aryl-alkyb, 1. 484a 
, asymmetnc, optical resolu- 
tion, I. 484c 

, (letii.ofAsin,!!. 022c, 052a 
Arsenical .soot, I. 474c 
Arsenicals, organic, 1. 479d 
, — , 111 therapeutics, J. 4866 
— , volatile, rrom mould 

growt hs, 1. 483c 
Arsenic aa trace element , I. TiOria 
— , lliitier of, I. 179c 
earhide, II. 281 a 
, caustic oil of, T. 479r 

— chloride, I. 47ltc 

— — as clilorinc carrier, II. 


3536 

— - coni))ovmils, 1. 472t/ 

in warfare, 111. 10c 

— , cyclic derivs., I. 494a 
— , detection, 1. 47()a 

, dotn., assay, I. 5226 
_ ^ ^ , electrodcposition method, 

TI. 7006 

— , — , gravimetric, II. 599c 

— — in arsenicals, 11. 652a ; 

VI. 36l(/ 

_ carhon compounds, II. 

622c, 052fl ; VI. 301rf 
_ food. II. 292d 

— — , — hydrogenation analy- 

sis, VI. 361d 

— , micro-method, II. 0336 
— ^ ^ potcntiornetric, TI. 70fln 

— , — , volumetric, II. 651 d 

— disulphide, I. 470a 

— glass, I. 475c 

— in hops, II. 02c 

rice, II. 406c 

— , nativet I. 460a 


Arsenic oxide, I. 4786 

— - pentasulphide, I. 479c 

— pentoxide, T. 4786 

— , qualitative reactions, II. 
551 d, 5736 

— , , rare metals present, 

II. 55 Id, 55fld 

, removal from hydrochloric 
aciil, III. 706 
sulphides, 1. 17J)a 
trichloride, production, J. 
479f; 111. lOd 

— trihydride, 1. 472d 

- tn-iodide, 1. 479d 

- tnoxide, 1. 473a 

— tri-sulphido, 1. 4796 

— , wliite, vilieoiis, 1. t7.>c 
Arsenillo, I. 53:tc 
Arsenious anhydride, I. 173a 

— oxide for glassmnking, V. 

5.j8c, .50(la 

Arsenites, qualitative re- 
netiioTis (arc also Ai>ienic), 

11. 57.36 

Arseniuretted hydrogen, 1. 
472d 

Arsenobenzene, .'hS'-diaininn- 
4:4'-dihydroxy-, J. 1916 
Arsenobenzenes, I. 491a 
“ Arsenobillon," 1. 4916 
Arsenoklasite, 1. 496c 
Arsenolite, I. 409a, 170a 
Arsenopyrite, scf Mispiekel. 
Arseno-stibinobenzenes, I. 
492d 

Arsine, 1. 472d 

, clilorovinyldieldoi-o-, III. 

I )a 

.detection (f^rr also Arsenic, 
detection). II. 57.36. 082a 
— , detn., grn viii'etric, 11. t582a 
Arsinic acid, diinetinl-, IJ. 
1886 

Artabotrine, l.496d 
Artemisia 1. Ir, 5a, Oa ; 

V. 203c 

Artemisin, 1. 497a 
“ Arterenol," J. 1 17d, 497a 
Artichoke, I. 497a 
, ('hiriese, I. Itt7a 
, ghdie, I. 197rf 

- , .lapanesc, T. 497a 
— , .Terusalein, T, 497a 
Artiilcial silk, acc Acetate silk 

dyes; Cellulose; Dyeing; 
Dyes, uzo ; Fibres, arli- 
licial, or rayon. 

- transmulation, I. 5426 
Artisil dyes, 1. 42a 
Artocarpus iniegrifoUa, A. 

spp., 1. 497d ; IT. 85d 
Aram mandaluni, I. 497d 
Aryane, III. 286 
Arylacetylenes, I. 117d 
Arylacridines, T. 127c 
Aryladipic a elds, 1- 1446 
Arylaznines, reaction with car- 
bon monoxide, IT. 350d 
Arylguanidines.VI. 1 44 d, 147a 
Arylstibonic acids, 1. 430a 
Asafoetida, J. 497d 
“ Asaprol," I. 4r ; IV. 3l)a 
Asaraldehyde, I. 498d 
" Asarcoloy," II. I92d 
Asarone, 1. 498d ; II. 4946 
Asaronic arid, 1. 4.98d 
Asarum arifolivm^ A. caimdense, 
I. 498d ; IV. 397d, 400a 
— sop., eugenyl methyl ether 
from, IV. 304d 


Asbarg, I. 499a 
Asbestic,” I, 500d 
Asbestine, 1. 4996 
Asbestos, I. 499c 
“Asbestos, blue," I. 400d ; 
III. 429d 

Asbestos in plastics, II. 4156, 
4796 

aerpontine, I. 499c 
- varieties, I. 499d 
Asbolan, asbolite. 111. 2146 
Ascaridole, 1. 50la ; 111. 24d 
“ Ascarite," II. 0826 
Asebarite, LI. 356 
Asclepias cotton, A. app., I. 
501c 

/-Ascorbic acid («cr also Vita- 
min 6’), 1. 501c ; IV. 3116 
Ascosterol, IV. .325c 
Asduana, 11. 1056 
“ Aseptol," I. 503c 
Asb, I. 503c 
Ashbury metal, I. 445d 
“ Astphil” see Asyphil. 
Asmanit, 1. 511r 
Asparaginase, 1. 511c 
Asparagine, I. 511d, 51 Id ; 11. 
1416 

Asparagus, I. 514c 
— - -stone, 1. 449d 
Aspartase (in Jf. calf), 1. 514d 
Aspartic acid, 1. 514d 
Aspergillus, asparaginase in, I. 
511c 

viger («cc also Pennenta- 
tion, mouhl), ll. 816 ; IV. 
282d 

oruziV, IV. 315f/ 
spp. in I’crriieidat ions, see 
Fermcnt.'it um, mould. 
Asperula i'ssenee. III. 4 1 2d 
Asperula spp., 1. 5)0a ; V. 11 5c 
Asperulin, 1. 516c 
Asperuloside, V. 416d 
Asphalt and bitumen, I. 516d 
Asphodel, Asphodrhis spp.^ 1. 
517d 

Aspidin, aspidinol, V. 1816, 
lS2a 

Aspidium /dir runs, A. spiuv- 
losutn, 180d, t82a 
Aspirators, 1. 012a ; VT. 359d 
"Aspirin," I. I19d, 617d 
" Aspirin soluhlf” I. 517d 
"Aspirin" trade name.s, I. 
517d 

Aspirophen, 1. 618a 

“ Asposal," I. 517d 
“ Aspriodinc,” I. 518a 
Assaying (see also Analysis, 
chemical ; individual 

metals), I. 518a 
Assay sampling, I. 5186 • 

ton, III. la 

Assistants, chemical, in dye- 
ing, IV. 129d 
Astacin, I. 53^ 

Aster ehinensiSf I. r>32d ; II. 
2346 

Asteric acid, T. 5326 
Asterin, 1, ^2d ; II. 2346; 
III. 11 5d 

Astrakanite, II. 196 
Astraline, 1. 533a 
Astralit, 1. 5^a 
Astralite, I. 533a 
Astraphloxine, III. 519c 
“ Astroli^r I. 533a 
Astrophylllte, T. 4506 
“ AsuphUr 1- 5336, 547c 
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Atacamite, I. 5330 ; Til. 341r, 
3506 

“Afe6r(n,” I. 134a; 111. 1376 
Atelestite, I. 5^c 
AUaine, I. 

Alia root, 1. 533r 
Atlantone, I. 533^ 
Atmoaphere, 1. 534a 
" Atocin/* I. 539c 
Atomic data for the elompnts, 
1.5396 

— number, see Atomic dnta ; 

Atomic stniclurc. 

— Htructurc, I. 541a 
Atonin” 1. 5L7d 

“ Atophan " (arc aho Ciriclio- 
phon), I- 539c, r)47a 
“ AtoQuinol," 1. 547a 
*^AtoxifU" I. 4(58c, 4H(I6, 480(7, 
547a 

— acetyl-, I. 408c, 187a 
Atractylic acid, VI. KOa 
Atractylis nummifera, VI. 80a 
Atractylol, IV. 393a 
Atranorin, 1. 547a 
Atrolactixuc acid, I. 547a 
Atropa helladona, 1. 0036 
Atxopamine, I. 5476 
Atropine, VI. 203(7 
Atropurol from Euoii^riiu.s, 

IV. 400c 

Atroscine, .see Hyo.Hcinc. 
Attacus atlas, A. I. 171(^ 

V. 80a 

Attalea rohune, A. Janiffra, 

III. 257(7 ; V. 108a 
Attar of roses, 1. 5476 
“ AtyrosyV I. 517c 
Aubepine, I. 370(7 
Aucuba japonica, 1. 517c 
Aucubigenin, I. 517c 
Aucubin, I. 547c 
Augelite, I. 547(7 

Augite, 1. 052a ; 11. 137c ; 111. 
573a ; VI. 120o 

.syenite building .stone, II. 

137c 

Auld and Tickle cxlnictor, IV. 
580d 

Auracin (1, I. 131(7 
Auramine i, ii, in, (1 and (), 
I. 547(7, 518a, 540c 
— , antiseptic, 1. 548(7 
— , N-phenyl, I. 5406 
Auramines, N-alkyl, I. 5406 
Aurantia or Hexvl, I. 549c ; 

IV. 14(7, 4 80a ‘ 

Aurantin, V. 50(7 
Aurate, barium, VI. 1 166 
— , potassium, VI. 1 10a 

— , — disulphalo-, VI. 117a 
Aureolin, III. 2106 
Atiric acid, VI. 116a 
, hydroniirato-, VI. 1176 

— chloride, diammino-, VI. 

116(7 

, dipyridinodicliloro-, VI. 

1136 

“ Auric chloride, phenyl-,” VI. 
121(7 

Auric compounds, sec also 
under (lold conipounda. 

— oxide, sesquiammino-, Vl. 

lldc 

— sulphide, VI. 1166 
Auriferous telluridc, VI. 102a 
Aurine, I. 549(7 

— , hexahydroxy-, IVI 401(7 
— , 3:6:^S^•6^•3":5'' - hexamotb- 
oxy-, IV. 401a 


Auripigmeniam, I. 4796 
Auriaulphide, sodium (see also 
wn(7cr Gold compounds), VI, 
H6c 

" Aurobin,” I. 54Bd 
*' Aurocantan," I. 549(7 
*' Aurochin,'* I. 549(7 
Aurocyanidea in gold extrac- 
tion, III. 480a; VI. 1046, 
115a 

Aurofuaarin, V. 56 
Auroglaucin, V. 54c 
Aurophosphin 0, 4G, I. 132(7 
Auroamirid, 1. 549(7 
AuroBoauric halides, doubts 
concerning, VI. 115a, 1106 
AuroBoauric oxide, VI. 1 106 
Aurotbiosulphate, sodiutu. 

VI. 1 17(7 

— , — , structure, VJ. 11 Ha 
Auroua acetylide, 11. 2806 ; 
VI. 1186 

-- acid, hydrobromo-, VI, 113r/ 

— “ biHjmido, VI. 113/' 

, diammino-, VI. 1 13(7 

— chloride, and dcriv.s., VI. 

113(7 

, bi.sdi et hylene t li i o c a r - 

bamido-, VJ. 1146 
— carbonyl, VI. 121(7 
— , diinctliyidiiliiolctbylenc-, 
VI. 1146* 

— (jompounds, see also under 

Gold comiamnds. 

- iodide, VI. 114(7 

— oxide, Jion-oxistenl, Vl. 1 15(7 
Aurum, Vf. 101c 

■ - mosaicum or 'niusirmn, 1. 
540(7 

Auryl compounds, see also 
under Gold compounds. 

- hydrosiilpbato, Vl. l\7u 

- hydi’oxide, VI. 1 10(£ 

Aussig electrolytic (,ell, 111. 

.526, 07(7 

Austenite, T. 550a 
Austinite, 1. 550a 
Austracamphene ((7 - cam- 
jdicne), I. 237c, 550a 
Australian wattle, 1. 11c 
Australite, I. 533a 
Autan, 1. 550a 
Autoclaves, I. 5506 
Autolysis, 1. 5%c 
” Autoxidation reactions in 
hydrogen peroxide, VI. 
340c 

Autunite or Calco-uranite, 1. 

558a ; II. 39.3a 
Auximones, V. 636, 71(7 
Auxin, 1. 5586 
Auxochromes, 111. 3086 
Avanturine or Aventurme, I. 
559c 

Avena saliva, VI. 806 
-- unit, I. 5586 
Avenein, Vl. 866 
Aventurme glass or gla/.e, 1. 
559(7 ; VI. 12tt 

— quart/, I. 5,50(7 
Auerrhoa caramhola, II. 275(7 
" Avertin” 1. 3086, 559(7 
Avignon berries, I. 560a ; Vl. 

08a 

- grains, I. 559(7 

“ Avionai;^ I. 25.3a, 277a 
Avocado oil, I. 560a 

— pear, I. 5W6 

Avogadrite, I. 560c ; V. 606 
Avogadro’s law, VI. 412c 


Awobana, I. 560c 
Awobanin, HI. 554c 
Axin, I. 560(7 
Axinite, I. 264(7, 560(7 
Axite, IV. 518a 
Ayahasco, II. 182a 
Azabenzanthrone, 1. 4286 
Azacyanines, 111. 530a 
Azadirackta indica, I. 561a 
Azafran or azafranillo, I. 561a 
Azafrin, 1. 561a ; 11. 4016 
Azafrinal-i and - n methyl 
esters, II. 395(7 

Azafrin, relation to carotene, 
IT. 395(7 

Azanthra<fuinone, T. 428c 
Azelaic acid, I. 56ic 
Azelaone, I. 502a 
Azeotropes (see; also Distilla- 
tion, laboratory), I. 178c 
— , detinition, IV. 516 

— in analysis, 11. 71 la 

— , varieties of, IV. .'{l6 
Azeotropic mixlure4 with alco- 
hols, 1. 1006 \ 

Azides, c\amiric ami metallic, 

1. 562a \ 

— , derivs. and deln., I. 5806 
, vidocitv of (lecotiiT)ositiori, 
Vr. 223a \ 

Azidine dyes, see, ^liamine 
dyes. 

Aziminobenzenes, I. .315(7 
Azimino-compounds, I. 563(7; 

III. 5H0c. 5936 

— -napJitlialiines, 1 :2-, 1 :S-, and 

2:3-, 111. 5936 
Azine dves, I. 568a, 5786 
Azines. J. 563(7 ; 11.315(7; Vf. 
2996 

, (piinonoid fnfmulir, 1, 571a 
Azo-acid-wool dyes, .iables, 
IV . 208 210 

^ constitution, IV. 

2036 

Azobenzene, T. 579c 
Azocarmine D, T. 573(7 
Azo-compounds, detn., U. 
(i276, 707rt 
, prepn., IV. 103a 
Azodicarbamidine, Vl. 110c 
Azo-dyes, IV. 190a 

, treatment wit h form 

aldehyde, IV. 2266 

^ — — metallic salt«, II 

141c, 209c, 221a, 220a 

and components, identi 

firatioii, JV. 1476, 173a, 
105a, 239a 

, applications, IV. 120(7, 

190c 

— , chrome - printing, IV 

226(7 

, components and uses 

— tables, IV. 200-236 

— , coiqiling by special 

metliQds, IV. 2386 
developed on the fibre, 

IV. 2256 

, diazotisingand coupling 

reardions, IV. 105a 

direct cotton. IV, 215c 

, affinity of, IV. 

224c 

, ^ from y-ncid, IV. 

2236 


for acetate rayon, IV. 

2346 

cotton printing, IV. 

179a, 226(7 



Azo-dyes for leather, IV. 21 oa 
Hilk, IV. 214rf 

— viscose rayon, IV. 23 1« 

— wool, IV. 2n3a 

— , J-acid coupling com- 

ponent, IV. 222c 

^ manufact/ure and plant, 

IV. 230d, 238c 

— , metal complexes in, IV. 

141d, 211c, 214c, 224a 

— , mordant, IV. 210a 

properties, IV. 103d 

— - — , vari»)us uses, JV. 23(1/1 
Azoic bases, constitution, IV. 

232a 

— coupling components, l\. 

228, 220 

— - dyes, IV. 12(ld, 221b 

, nitrosammcK for printing, 

IV. 233a 

— printing mixtiire.s, IV. 231 </ 
Azoiznide, I. HsOa 
Azoimides, ai-omatic, ITT. oKOr 
— , — , preparation from dia- 

zoniiiin salts, 111. fiSdc 
Azo-lake dyes, JV. 234r 
Azomethane, 111. OOOa 
Azo-mor dEUit-wool d v es , 

mono-, 1 V^. 212a 
Azoniuin ba.ses, 1. 564a 
“ Azophenylene,” 1. .'jiloa 
" Azophor ” stable diazo-coin- 
poufuts, IV. 23 1 c 
Azo-pigment dye.s, IV. 23 Ir 
Azorui^, 11. 3i)0a 
Azote, 1. 582c 

Azotobacter and trace elements, 
I. r)07d, 5 10c 

Azotoluene, o-ainirio-, 1. .Hi.Oda 
Azotometer, 1 . 582c ; 1 1 . di sa, 
(1315 

Azoxybenzene, J. 582c 
Azulene, 1. or/, 1 lilr/, 583a 
Azurin, 1. 583c 
Azurite, I. 583d ; 11. 2r)r ; 111. 
26c, 34 b-, 3r.r)r/ 


B-Acid, 1. 5835 
Babassu fat, in cliocolatr% ITT. 
885 

— oil, III. 213d 
Babbitt metal, I. 585a 
Bablah, I. 585a 
Babul gum, 1. 585a 
Bacilli, Bacilluff, .see JJ. 

B. aceti, 1. 43c ; TV. 378a 
B. anthracis, V. 3955 
B. colij cytochrome, 111. .5 He 
B. Cdirnus, I. 43c 
B. kutzingianum, 1 . 43c 
B. mfisenfen'eus on bread, 11. 845 
B. oxydans, 1. 43g 
B. pasteurianum, I. 43c 
B. xylinoides, 1. 43c 
B. xylinus. Brown’s, I. 43c, 455 
Baclonan chambers in bleach- 
ing powder producticjii, 111. 
015 

Baco fat, I. 055a 
Bacteria, BacleHum, we also B. 
Bacteria, cbemical action, see 
Fermentation, bacterial. 

— , chemiluminescent, III. 23d 
— , lactic, in butter, TI. IflOa 
Bactericides, see Antiseptics ; 
Disinfectants ; Food pre- 
Bfervatives. 
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Bacterium iumefariem, V. 420d 
Baddeleyite, I. 5855 ; II, d7c 
Badische acid, 1. la, 585r/ 
Badouin test, for sesame oil, 11. 
1675 

Bael fruit, I. 585r/ 

Baeumlerite, 1. 585d 
Bagasse, I. 585d ; II. 497r 
Baicalin, 1. 585d ; VI. 8d6 
Bairi, II. 482d 
Bakankosine, 1. 58da 
“ Bakelite ” (see also Kormalile- 
phenol re.sin), 1. 586a ; II. 
308c 

Bakerite. 1. 586a 
Bakhar, T. 586a 
Baking powders, 1. 5865 
Balam fat, J 1. 325 
Balance, 1. 587a 
Balata, VI. 157a 
Balbiano’s acid, 11. 21 Ha 
BaJbul bark, I. lie 
Baldwin’s pbnsphoriis, 11. 222r 
Baljet reaction id' cardiac 
glycosides, II. 3S3d 
Balias, III. 5l7d 
Ball-diorite, TV. 85 
Ballistic pendnhuu, IV. 51Sc 
Ballistite, I. 614c : IV. .ils5 
Balm of (hlead, 1. Ol id 
Balsam (see also Malm), T. dl Id 

— , copaiba, III. 3375 

, (lurjiin, and ils oil, 111. 337c ; 
VI. 156c 

— , Illurin, 111. 3385 
— , Meccai, 1. Ol id 

B^samo bianco, 1. dldd 
Balsamodedron sop. gum resin, 

I. d58c 

Balsam, Peru, and M.. Tolu, 

1. dld5, dl7c; III. ISOrt 
Balsams, 1. 614d 
— , xantborrlur.-i, J. dl85 
B^timore oil, 111. 21c 
Bambara- or bainbooi-fat, I. 
6515 

Bamboo, I. 618r/ 
Bambuk-butter, T. (5515 
Banana, 1. 618r/ 

— fibre, 1. Irt, dl8r/ 
Bandrowski’s base, VJ. 17 Id 
Banistena caapi, 11. 182a ; VI, 

1 80tt 

Banisterine - harmine, II. 
lS2ff ; VI. 1805 

Baobab (ree, Adunsonia digi- 
tata, J. 1415 

Baphiin, bapliiniliii, bapluiii- 
tom;, 1. 6505, c 

Baptigenin, i/r-baptigenin, 1. 

619c; V. 259d; VI. 865 
Baptin, I. 619c 

Baptisia tineloria, 1. 619a ; VI. 
805 

Baptisin, 0-baptisiii, I. 619c ; 

V.259d; VI. 865 
Baptitoxine, HI. 542c 
“flara/o/,”].619c; IV. 4645 
Barbaloin, isobarbaloin, I. 
2d2a, c 

Barbatic acid, I. 619d 
Barbatolic acid, 1. 019d 
Barberry, 1 . 619r/ 

" Barbital:^ I. 023a 
Barbituric acid, I. 620c 

, acyl derivs., I. 624tf 

J J . dibromopropyl-5:5-di- 

ethyl-, IV. 7c 

, 1:5 - dimethyl - 5 - eydo - 

hexenyl-, IV. 4155 
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Barbituric acid, di* and tri- 
iinino-, I. 029c 

from urea, II. 3.52d 

, Jialogen derivs., I. 621c 

hydiHixy-, 1. 025a 

, N-substituted derivs., I. 

02Io 

, .5-niti'o-, 1. 027n 

. polysubsli tilted derivs., 

1. 022a 

- - salts, 1. d20d 

aciils, alkyl and aryl, I. 621a 

, aniino-donvs., I. 028c 

- , eondensatioii with alde- 
liydes and keloiies, 1. 029d 

diazo compounds, 

1. 6305 

, C-.siibsiituied derivs., I. 
02 1 a 

- - . detection and d(‘ln., I. 

(1235 

, .5:.") - disiibstituted, 1. 
d21d 

, cl her like ilerivs., I. (123d 
, isondroso-, 1. 02(9- 
, suhsl'ituted, pliannaco- 
logical pi-iipertie.s, 1, d23a 
- - , trade names, 1. d23a 
. (hm-. I. (;22c 
isoBarbituric acid, 1. d30d 
Barilla or banllor, 1.630d ; II. 
il9c 

Barite, 1. 651a 
Barium, I. 631a 

- alloys, 1. d32a 

- ahiminates, I. 2H1c, (Mid 
amalgam, I. d32a 
amide, J. d38d 
ammonium, 1. d38d 
ar.senates, 1. 04 la 

-- as trace element, 1. 5(i5a 

- azule, J. rma, 58()d, d39a 
bromide, 1. 636d 

- (-.11 bide, I. (l37(/ 

carhoiiale (sec alsit Witlier- 
ite), 1. d38a 

- - lor glassinakiiig, V. 5015 

in bi‘i(“k-making, JI. 12da 
carbonyl, JI. 3.57c 
ehloratu, 1. (I3dc 
chloride, 1. (in.'ia 
-- chlorite, 1. 6365 

- ehroinate, 1. (M2c ; III. Hid 

- cyanide, HI. 491d 

— , dein., graviinetrie, H. 5895 

— , - , volumetric, II . 0.535, 700a 

- diclirojnatc, 1. 042f- ; 111- 

nid 

dinietaphosplial/O, J. 0135 
dithionatc, 1. 042a 
drop reaction, II. .579d 

— ferrocyanide, HI. 4705 

- lluoride, 1. 037c ^ • 

— - luixametaplioHidiale, I. 6435 

— - hydroKiilphide. J. 6l0d 

iiyilroxide, I. d31a ^ 
ni Hrazil nuts, 11. 67c 

— lodate, I. 6375 

— iodide, 1. 037a 

ions, action on iirothrombin, 
H, 23c 

— rnanganute, 1. 042d 

— iiianganite, I. 043tt 

— monomotapbo.spliate, 1. 0435 

— monoBulphide, I. 040a 

— - niti'ate, I. 6395 

— - — explosives, IV. 4046 

— nitrite, A 6395 

— orthophosphates, I. 6435 

— ortho-thioarsenate, I- 6445 
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Barium oxide, I, 0d2b 

— oxybromides, I. 636d 

— oxychloride, 1. 6366 

— oxyiodide, T. 6376 

* “ -pariaite, III. 364a 

— pcnioHUlphide, I. iSiXa 

— perchlorate, I. 636c 

— periodate, I. 6376 

— permanganate, I. 6l2fi 

— pemitridc, II. 222a 

— - peroxide, I. 6.33a 
hydrate, I. 635a 

— phoBijliide, J. 643a 

— platinocyanido. 111. 487d 

— - l)otassiurn fcrrocyanido, III. 

470c 

— pyrophosphate, 1, 644a 
pyrosulphate, 1. 642a 

, qualitative reactions, IJ. 
ri53c, r>676 

, , rare metala present, 

II. 555d, .5.56d 
“ selonate, 1, 6126 

— selenidc, I. 0426 

— .selenite, 1. 6426 

— silicates, I. 644 c 
-- silicides, I. 6446 

— sodium sulphate, I. 61 2a 
subchloride, I. 635tt 

— suboxide, J. 6326 

' sulphate (see aho Baryte), 1. 
6416 

, acid, 1. 641c 

— - ' for glu.ssmaking, V. 5616 
— in paints, II. Ha 

-, mineral, I. O.^la ; II. 26d 

— phosphorescent, II. 26d 

— - aulidute, I. 6416 

■ - aulphydrate, I. 040c, d 

— tetraaulpliide, 1. 641a 

— ietroxide, I. 031a 

— ihiocarbonate, I. 0416 

— thiosulphate, 1. 0126 

— tithnate, 1. 645a 

— trimetaphosphate, 11. 6436 

— “ triaulphidc, J. 64 la 
Barker electrolytic cell, III. 

07d 

" Barkite,** I. 645a 
Barley, 1. 6456 ; lY. cmd 
— , pearl, I. 6456 
Barm, 11. 78d 

Barrels, glue-lined, for iurpen- 
tiuc, 1. 25()a 

Barresi^’s solution, I. 648d 
Barwood, I. 6506 ; 11. 260c ; 
IV. 126c 

Barylite, I. 650d, 0856 
Baryta, I. 031 a, 6326 

— in respirators. 111. 20c 
Baryte or barytes, 1. 6316, 

6416. 651a 

Bcu'ytes in phistics, II. 4766 

Bar^ocalcite, I. fyld 
Bar^o-celestite, 1. 6316 
Basalt, I. 651d 
Basanite, I, 052a 
Basanti, II. 430d 
Base, definition, VI. 248a, 249a 

— "exchange reactions, VI. 

2186, 2iga 

Bases, strength, VI. 24Sd 
Basil, essential oil, 1. 652c ' 
Basle electrolytic cell, 111. 546 
“ Basogrelit” III. 63d 
Bassia fate, 1. 652d 

— Mahwa or Mowrah flowers, I. 

6556 I 

Bassia spp., 1. 053a, 0556 ; II. 
168d 


Bassia tallow,. I. 653a 
Bassisterol, I. 653d 
Bassorin, VI. 1506 
Basswood oil, I. 655c 
Bast, 11. 4016 
Bastnasite, I. 655d 
Batatas, B. eduMa, 1. 655d 
Bat-guano, V. 64a 
Bath brick, I. 656c 
stone, V. 329a 
Bauxite, I. 2(Uc. 656c 

— for alumina production, I. 

265d 

— , refining agent for oil, I. 6576 

Bavenite, 1. 658a 
Bay, essential od, I. 6586 
Bayer acid, 1. 658c 
Bayerite, 1. 2846 
Bdellium, 1. 658c 
Beam dyeing, IV. 130c 
Bean, 1. 658d 

— oil (wee alao Soya, bean oil). 1. 

060a 

— , ordeal, 11. 108d 
Beans, adsuki oi adzuki, 1. 
1556, 6r>arZ 
broad, I. 6.5Hd 
French, 1. 659a 
gram, 1. 059a 
jack, I. oroia 
kJdney, J. 659a 
liittia, 1. 659a 
locust, 1. 65Sd 
Mung, I. 659c 
“ Shell,” 1. 059a 
” Snap,” I. 659a 
soja, soy, soya, I. G59c 
velvet, I. 659c 
Bearberry leaves, I. 6606 
Bearing metal, I. 446a 
Bebeerine, d-, I- and r-, 1. 660c ; 
11. 182a 

/-Bebeerine in cnrarc, 11 1 . 459d 
Bebfi (ul, VI. 5106 
Beckelite, 1. 661a 
Beckerite, 1. 302c 
Beckmann’s freezing - point 
method, 111. 442a 
Becquerelite, J. 6616 
Bedeguar, V. 426c 
Beecb-nut oil. 1. 661r 
Beech Uir, 1. 6616 
Beer ana.lysis, I’lato factor i 
11. 104a 

Beeswax iu candles, II. 2636 

clH»colate, tests for, II. 

187a . 

Beet, I. 661c 
” Beetle^* plastics, J. 6626 
Beetling textile.s, 11. 461c ; V. 
188d 

Beet slices as feeding stull, IV. 
596c 

— ” tops,” IV. 596d 
Begass, I. 585d 
Behenic acid, 1. 662d 

in rice, JI. 4946 

Bebenolic acid, oxidation, II. 

676 

Beidellite, I. 663a, HI. 196a 
Belite, II. 1 416 

Belladonna, belladonninc, 1. 
6636 

— , physiological effect, II. 196d 
“ Belliter I. 6636 ; IV. 405r 
Bell jar (Aussig) cell, III. 526 

— metal, I. 6636 
Beluga leaf, II. 102a 
Bengu kino, II. 157d 

— lights, I. 6636 


Benitoite, I. 663c 
Ben oil, 1. 663c 

Bentonite, I. 663d ; III. 106a ; 
IV. 247o 

" Benzacetin” I. 664a 
Benzaconine, 1. 121 d 
Benzal chloride, 1. 664a 
Benzaldebyde, 1. 6Ma 

— , compounds with sugars, JI. 
290a 

— etliylacetal, I. 376 

— from benzal chloride, 1. 1946, 

6646 

— -- toluene, II. 428a 

— - in cherry-laurel oil. III. 

26a 

sugar separations, II. 

293c 

p-nitro-, JX. 293c 
— , Bubslitution dorivs., I. 655d 
Benzal diacetate, 1. 38d 
Benzalmalonic acid, I. lilOa 
Benzamine, IV. 3896 

— hydrochloride, l.[667a 
Benzanthracene, caTcinogeutc 

action, 11. 378d\ 
Benzanthrone, 1. 306a, 3HH6, 
409d \ 

BenzanthronequinoLine, 1. 

413d \ 

m-Benzdioxyanthrabuinone , 
J. 212d, 222a 
** Benzedrine IV. 318a 
Benzene and homologues, 1. 
667a 

^ detection, 1. 075a 

- 2 - azo - 4 - nit-roi>hcnol, p * 
bronio-, 111. 597a 

- azo - i)lLonyl - 2 - nai>hthyl - 
amine, 1. 5666 

-p-bisdiazonium chloride, 111. 
58 Id 

, biomo-, carcinogenic eom- 
I)Ounds Ji om, 11. 378c 
, carbon disulphide in, 11. 
3386 

, chloro-dorivs., I. 677c 
— , — , in fumigants, 11. 344a 
, — , — phenol prepn., 11. 
3056 

, — , — warfare. 111. 10c 
, — , prepn.. III. 11a 
, detection in air, 1. 6756; II. 
082u 

— detri., colorimetric, I. 6756 ; 

II. 677d 

— in air, II. 677d, 682a 

Benzenediazoaminoazoben- 
zene, III. 596a 

Benzenediazonium, 111. 500c 

- -c-carbuxylate, 111. 593a 

- chloride. III. 5816 

— hydroxide. III. 590c 
• nitrate, III. 5816 

j_ - sulphate, III. 5816 

— p-suJphonato, III. 592d 
Benzenediazo-oxide, potass- 
ium, labile and stable, 111. 
597c 

Benzenediazosulphonates , 

»yn- and anii-t 111. 508d 
Benzene, o-dibromo-, conver- 
sion into catechol, II. 430c 

— dicarboxylic acids, phos- 

phors, 11. 2246 

— , o-dichloro-, catechol from, 
II. 4306 

— , o-dihydroxy-, II. 429c 
— , dinitro-derivs., I. 077a 
— , — , for explosives, IV. 4656 
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Benzene from phenol, II, 30((tJ: 
— , bexa-amino-, I. 316rf 
— , hexacliloro-, II. 3216 
— , hcxaliydroxy-, VI. 2^56 

— hydrticarbons from acety- 

lenes, I. 8Gn 

— in petroleum, I. 466d 

— , nitro-, for explosives, IV. 
4656 

— , — , in fumigants, II. 344o 
— , — , prepii., 1. C75c 

— , oxidation, II. 428a 
— , penta-amino, I. 310c 
Benzenes, tetra-ainino-, I. 310c 
— , triainino-, 1. 310c 
Benzene sulphonliydrazidc, 
luminescence, HI. 23d 

— -toluene mixtures, separa- 

tion by distillation, IV. 
4 Id, 49a 

— trinitro-derivs., 1. 677c 
— , — , explosive, IV. 40.5d 
— , ti'initrotriazido-, IV. 543a 

- ' vapour, detection and ilet n., 

I. 0756 ; II. 082a 

— -^\Mtor mixtures, distillal mn, 

IV. 37a 

Benzhy dr azide, VI. 300a 
— , 0 - and p-chloro-, I. 1976 
— , luminescenoo, HI. 23d 
— , p-nitni-, and vi-niiia-, I. 
I97fl. 6 

" Benzidazn," I. 372c 
Benzidine, I. 678d ; IV. 11c 

— , 3:3'-dicliloro-, IV. 12c 
— , 3:3"-dimctlioxy-, IV. 12d 

— -2:2"-disulphonic acid, IV. 

12c 

3:3'-disulphonic acid, IV. 

12c 

, 3-ef.hoxy-, IV. 12d 
3-nitro-, IV. 12c 
- rearrangement, IV. 11c 

— sulphone diaulplionic acid, 

IV. 12d 

— -3-snlplionic acid, IV. J2c 
Benzil, I. 678d 

Benzilic acid, JJ. 3036 

change, II. 3036 

Benziminazoles, 1. 31.5c 
Benzine bone grease, VI. 2:id 
“ Benzinoform,^' 1. 678d 
Benzoates, qualitative re- 
actions, II. 5706 
“ Benzocaine” I. 3006, 678d 
Benzoflavine, i. 1326 
Benzo^lyoxalines, J. 315c 
Benzoic acid, I. 678d 

, p - amino j3 - dictliyl - 

aminoothyl ester, liydro- 
chloride, I. Ir 

, , ethyl ester, I. 3666 

den vs. in food, detection, 

V. 3016 

, esters, I. 08()c 

— — , p-hydroxy-, oxidation, 

II. 439a 

— --in butter, TI. 108o 
food, deteclion and 

detn., V. 300d 

, 0 - iodoxy -, ammonium 

salt, I. 305a 

production, II. 428a 

, qualitative reactions, II. 

5706 

, salts, I. 680c 

— acids, hydroxy-, from phenol, 

II. 307a 

— acid, substitution derivs., I. 

680d 


Benzoic acid, 3:4:5-trihydroxv-, 
V. 417rt 

— anhydride, I. 081c 
Benzoin, 1. HOrf, H)66, 6826 
--- oleum, I. 607a 

Palembaiig, Penang, Siam, 
and Sumatra, I. 01.5a 
Benzole as motor fuel, 1. 071a 
Benzol or benzole (see a/so lien- 
zene), 1. 667a 

— recovery by active charcoal, 

IH. 270d 

— relimng by silica gel, 111. 

207d 

Benzols from cokc-ovcu gas. 

111. 200a 

Benzol specilication, JI. 1726 
Benzonapbthol, 1. 6826 
Benzopbenone, T. 682c 
— , 2:3:4 -triliydrovy-, 1. 207a 
Benzo-y-pyrone , 111. 115c 
Benzocpiinone, pigments from, 

II. 2806 

“ Benzosalin,*' 1. 682c 
“ Benzosol” 1. 682c ; VI. HUc 
Benzotriazoles, 1. 31 5(/ 
Benzotrichloride, 1. 682c 
Benzoyl chloride, I. 0K2a 

— peroxide, Jl. 373a 

— - III Hour, 11. 6Ia 
Benzpyrene, earciiiogemc 

activit>, II. 379a 
Benzyl aeetate, 1. 082c 
Benzylaznine m vuli'anisalion, 
11. .343c 

Benzylaniline, I. 3086 
Benzyl benzoate, 1. 0S2c 
in lacquers, 11. 479a 

— bromide, prcpii., ITT. lOf/ 

— - bnt.yl phth.ilate in laequers, 

JJ. 472c 

cellulose in plasties, 11. 177f7 
— lacquei-s, II. 478< 

— cliloride, jircpn., HI. lOr/ 

— cyanale, liromo-, in warfare, 

HI. 9a, lOd 

Benzyldiazo-oxide, jiotass- 
luin, HI. 0006 
Benzyl esters, I. 682c 
Benzylisoeugenol, IV. 399d 
Benzylguaiacol, Vi. 141c 
Benzylideneacetone, T. 190a, 
682c 

Benzylideneacetophenone, 11 
518c 

Benzylideneaniline, 1. 3086 
Benzylidene chloride, 1. 001a 
Benzyl iodide, prepn., HI. iOd 
Benzylpbenylhydrazine, VI. 

301c 

Benzylphenylbydrazones of 
sugars, 11. 293a 
Berbamine, VI. 490c 
Berberine, I. 019d, 682d 
Berberis vulgaris, B. spp., I. 

619d, 020d, 082d 
Berberry, 1. 6i9d 
Bergamot, essential oil, 1.683d 
Bergapten, 1. 684a, 6 ; V. 171a 
Bergblau, II. 25c 
Berger pnicess (Aluminium), 

I. 268c 

Bergmann and Junk test, IV. 
515c 

Bergmehl, 111. 579a 
Ben-beri, 1. 6^6 
Berl’s extractor, IV. 589c 
Berthierite, I. 430d 
Bertram-Walbaum, reagent, 

II. 237c, 255a 


Bertrandite, 1. 6846 
Beryl, I. 204d, 684c ; VI. 13c 
artificial, V. 5 1 3a 
Beryllium acetafe, bailie and 
nomial, VI. 206 

- acetylide, VI. 19d 

- alloys, VI. 156 

- aluminate, III. llOa 

- -alummiuni group, qualita- 

tive separation, 11. 667c 

- and hydrogen, VJ. 15c 
arsenate, VJ. 19c 
bromide, VI. 176 
bronze, JH., 3536 
carbide, H. 218c ; VJ. 19d 
carbonate, VI. 20a 
chloride, VI. 10c 

detn., gravmit'trir, H. 5876 
, volumetric, H. tJr).3c 
droji reaction, 11. 580a 
electrolytic, jirepn., VI. 14d 
omission spectrum, VI. lid 

— lliioride, V^l. 10a 
hydroxide, VI. 1 .5d 

— iodide, and iiminineH, VI. 

176, c 

nitrate, \\. Itia 
nitride, VI. 18d 
orgHnomelullie eoiiqioimds, 
VI, 20d 
oxide, VI. 15c 

, mineral, JJ. 1 title 
pereJilorute, VI. 176 
periodate, VI. 17c 
pliospliates, VI. 196 
phosphide, VJ. 196 

- , cjualitativi! reactions, II. 

5556, r>50d, 500d 

- soJenalc*, VI. 1 Hd 
selenuie,, VI. 18c, 
selc'iute, VI. 18c 

sulphate and denv.s., VI. 18a 

— - suli)bid(‘, VT. 17c 

sulphite, VI. 17c 
, tellurium compounds, VI. 
Ifid 

Beryllofluorides, VI. 106 
Beryllonite, 1. 6856 ; VJ. 13c 
Berzelianite, 1. 685c 
Berzeliite, 1. 685c 
•' Befacainc,” 1. 667a ; 11.316 
Betafite, 1. 685c ; H. 19c 
" Betaform," I. 685d 
Betaine hydrochloride, T. 1206 

— in cabbage, II. 182d 

ergot , JV^ 331 d 

Betaines, 1. 685d 
Beta maritima, 1. 001c 
Betanidin, 1. 0876 
BetEinin, 1. 381 d, 687c 
Beta vulgaris, I. 001c, 6876 
Betel leaves, I. 687c 

— nut, I. 458a % 

Betitol, 1. 687e 

“Befo/,” 1. 687c; IV. 29d 
Betonicine, 1. 080c 
Bettendorff’a test, I. 47 Id 
Betterton process, II. 2046 
Betula Npp., fatty oil, I. 655c 
BetuUn, 1. 687c 
a//oBetulin, 1. 687d 
Betulol, 1. 687c 
Betulolic acid, I. 688a 
“ Bexoid," II. 480o 
Bezetta, I. 688a 
Bezoar, I. 688a 

— stones, oriental, IV. 27 Od 
BhEUOff, I.J3886 

Bicarbonates, qualitative re- 
actions, 11. 669c 
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Bicarburetted hydrogen, IV. 
372& 

Bichoroux glasH rolling pro- 
cess, V. 593c 

“ Bichromate " or “ 1*1 - 
chrome,” III. 110c 
Bickford’s safely fuse, 1V\ 
456c 

BicuculUne, I. 145b 
Bicuhyba fat, 1- OHHb 
Bieber’s reagent, I. 200c 
Bigitalinum (rryntalliaaium, 11. 
384c 

Bignonia chica^ B. tecomUj I. 

688b ; 11. 275c 
Biauanide, VI. 143/Z 
Bikhaconitine, 1. 123b 
Bilberry, I. 688c 
Bile, I. 689a 
ncids, 1. 680b 

, relation to cholesterol, 

III. 80b 

— mucin, I. 690o 

— pigments, I. 690d 
-- - salts, 1. 68lh‘ 

Bilicyanin, 1. 2()0c 
Biliposol, I. 692a 
Bilirubic acid, I. 601b, d 
neoBilirubic acid, T. 601b, d 
Bilirubin, 1. 2(M)c, iiHOa, dood, 

001a 

Bilival, I. 692a 
BUiverdin, I. 68t)a, OOOd 
Billiter-Leykam elect i-olytic 
cell, 111. 53a 
Bilobal, V. 536a 
Bios («cc also Growtli-])V()iiiol- 
ing-factor), 1. 602a ; VI. 
138d 

— in brewing yeast, TI. OSc 
” Bios I ” 11. 08c ; VI. 405c 
Biotin, VI. 130a 
Blrch-bark oil, 1. 692b 

— -tar oil, 1. 692c 
— , white, oil, 1. (302r 
Bird lime, 1 . 692c 

” Birmabright,” 1. 253a, 277c 
'* Birmasit” 1. 253a, 277c 
** Birmidium” J. 277a 
Birotation of glucose, 11. 285c 
Biaabolene, a-, B- and y-, 1. 
693a 

— in carrot seed oil, II. 40-4b 

— trihydrochloride, I. ()03f ; 

IV. 69Ic 

Bisabolol, I. 003b 
Bisacridonyl, 1. 130b 
" Bisciniod, I. 693fi 
‘ ‘ Blscoclaurine n Ikaloj ds, ” 1 1 , 
481b; 111.230c; VI. 406c 
Biscuit (ceramics), VI. 2c 
Bisdlazoamino-compounds , 
• aromatic and mixed ali- 
phatic-aromatic-, lll.506d 
Bisdiazonium salts, HI. 581 d 
” Bismal," I. 700d . 

“ Bismarsen” I. 694a 
Bismite, I. 694a 
Bismoclite, 1. 694a 
“ Bismo-cymol,” I. 694a 
” Bismogenol," I. 694a 
" Bfsmoid,” I. 694a 
Bismuth, I. 694b 

— alloys with cadmium, lead, 

and tin, I. OOBa 

— barley, I. 094d 

— carbonate, basic, I. 099d 

— chloride, basic, %9 cosmetic, 

II. 3a 

— ohromatc, III. 113c 


INDEX 

Bismuth chrysophanate, I. 
701a 

— , dotn., assay, I. 522c 
— , — , colorimetric, II. 670b 
— , — , electrodeiiosition method , 
11. 700b 

— , — , gravimetric, II. 600d 

— — dibromohydroxynaphthoatc, 

basic, 1. 701a 
drop reaction, II. .580a 

— extraction by wet methods, 

I. 096b 

- from argentiferous lead , 1 . 

imd 

— — Hue ilust, I. 69.5c 

- gal late, basic, I. 70Ud ; III. 

558d 

hydroxyiodogallaie, I. 

700a 

— glance. I. 703a 

hydnde, 1. 699b ; VI. 305a 

- hydi-oxide, I. 691a, 69!»c 
— Ill anode slimes, J. 60;5c 

— - candle wicks, 11. 265a 
Bismuthine dihalides, 1. 701c 
Bismuthines, arylhalogen-, J. 

701c 

— , tiiaikyl-, I. 701b 
, triai yh, T. 701b 

Bismuthinite, I. 703a 
Bismuth in metals and allots, 
effect of, I. 69Hd 

— iodide, I. 700b 

— lactate, I. 700c 
--liquation, I. 691d 

— /J-naphthola1 (;, 1 . 701 a 

— nitrate, 1. 699d 

, compounds with sugars, 

I. 702d 

ochre, 1. 694a 

Bismutboidol ” Hobin,” 1. 
703b 

Bismuth, orgaiio-compouiuls, 

J. 701 

-oxide in catalyst for ilNOg 
production, 11. 424c 

— oxychloride, T. 700b 

— - oxyiodogallate, 1. 171d 

— , pharma cent jcal quality, 1. 

696c 

— , phosphoresce HOC in calcium 
sulphide, 11. 230a 
properties and ilsoh, 1, 697b 
— , purification of metallic, 1. 
606c 

— ~ pyrogallate, I. 701a 

— , qualitative reactions, 11. 
5.51b, 57,3c 

— , , rare metals present, 

II. 554d, 556d 

— salicylate, I. 700c 

— smelting, I. 095a 

— sodium gluconate, I. 692a 

— sulphite, I. 7(K)b 
tribromophenolate, I. 70Ia 

- wire in physics, I. 698a 
Bismutbyl salts of organic 

acids, 1. 702c 
Bismutite, I, 703b 
” Bismutoser I- 703b 
Bismutotantalite, I. 703b 
” Bisocol,” I. 703b 
” Bistovol" J. 489c 
Bistre, I. 703c 
“ Bis-trypaflavin,” I. 13()d 
Bisulphite pulp, II. 401 r 
Bitter apple, 111. 294a 
Bittern, 1. 703r 
Bitter-sweet, I. 703c 
wood, I. 703c 


Bitumen, I. 516d 

— emulsions, IV. 302b 
Bituminous coatings, 111. 395r/ 
Bixa orcUana, I. 378a 

Bixa seed, I. 378a 
Bixin, I. 378b ; 11. 4016 

— dj aldehyde, II. 399b 

— , similarity to nyctaiitliin, II, 
440a 

Black, Acetylene, 1. 86d, 96r ; 
11. 312d 

— , Acid Alizarin, SE, I. 207a 
Alizarin Cyanine, (i, 1. 

228b, 393o 

— -, F, SRA, 1. 207a 

, P, 1. 229b, 397a 

, S, 1. 206d 

Aniline, I. 376c, 579r ; II. 
509c ; IV. I27c 
Blackarm, V. 139a 
Black ash, IJ. la 

— -hand irfui -stone, 11. 51 9d 
Blackberries, 11. la 
Blackboy gum, 1. Ill 8a 
Black, Rrilliaiit. Alizarin, 1. 2UGtl 

— , JhiiUMwick, 11. !IiUa, 119b 

— , Calednn, 2iJM, NIB, 1. 421c 

- , — iJirect, AC, l.\424c 

(,'arbon, I, 77a ; II. 312b 

— , ' , specification, 473b 

— f.'at eehu, I. 11c \ 

chalk, 11. lb 

— , t'lbanono, B, I. 423c 

— • cores, in ceramics, III. 198b 

- diamond, 11. 35lk/ 

— , Dispcrsol Diazo, AS, I. 41a 

— , eupittdie, IV. JOlc 

- Ilux, 11. lb 

, Gas, II. 312b 

— grease, 11. Ic 
haw, II. Ic 

- hellebore, II. Ic, 387b ; VI. 

200a 

— , Indanthrciie Direct, G, IIB 

and lilt, 1. ‘124c 
Blacking, 11. Id 
Black, lunaiuiue, AS., I. 40b 
— , IvcU’v, II. 31 Id 

— -jack; II. 2d, 19a 
— , LarriiJ, 111. 423c 

— - lead, 11. 2d, 30»b, d, 313d 

— liquor, I. .55a ; II. 2d 

— , Paradone Direct, 1. 424c 
, — , (11.), I. 424c 

— powiler, 11. 2d 
Blacks, Acid, IV. 208b, 210b 

Anthrone, I. 424c 
Blackstrap, 11. 2d 
Black, Thermabomic, II. 312b 

— -tin, II. 419c 
Blanc de fard, I. 700a 

pcrle, see Wliito, Pearl, 

-- d’Espagne, I. 700a 

— fixe, 1. 642a, 6.51d ; II. 3a 

— — in plastics, II. 476b 
' - process, 1. 26Hc 

" Blanc rule,” II. 374a 
Blankit ” (sodium ditliionito), 
II. 3a 

Blanquette, 11 . 3a 
Blast-furnace gas, II. 315a ; 

V. 370b 

— furnaces, action of carbon 

monoxide in, TI. 351a ; V. 
376b 

” Blastine" IV. 404 d 
Blasting gelatine, II. 3a ; IV. 
241d 

Bleaching, II. 3c ; V. 183c 

— agents, perborates in, II. 52a 
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Bleaching earths, lY. 2i^b 

* — of flour, II. 816 

? silk, II. 186 

--powder, II. da, 19a; HI. 

;; 36d, 60a 

Bleach liquor, HI. 626 

“ B/ena/.” II. 19a 

Blende, II. 19a 

Bleu celeste, II. 25a ; 111. 21(iu 

— d'azur, II. 19a ; JII. 210r 
~ ' de saxe, It. 19a ; 111. 2r.lr 
Blind coal, IT. 19a 
Blister steel, II. 19a 
Bloedite, II. 196 
Blomstrandine, II. 196 
Blomstrandite, I. 685r ; 11. 

10c 

Blood {see also Heemin), IT. 19c 
— , action of carbon moiKixidc 
on, II. 3516 ; VI. 166a 

* — anticoagulant^?, II. 216 

— cemontH, J. l-lSa 

— coagulation, II, 22c 
— , defibrination, 11. 246 

, dried, fertiliser, V. 666 
glycolysis and clotting, II. 

22f/ 

meal, II. 21 d 

Bloodstone, II. 25a 
Blood sugar in diabetes, VT. 
406d 

— , test for carbon monoxide, 

II. 082d 

Bloom, II. 25a 

— of varnish films, IV. 83a 
Blower, laboratory, I. 61 Id 

“ Blow ” in water gas irianu- 
facture, V. 489c 
Blown oils, II. 25a ; IV. 9()d 
Blue, Acetylene, Pure and 8ky, 
I. 06c 

— , Acid Alizarin, 1. 206a 
— , — Alizarin, BB, 1, 2306 

, — , , GK, I. 2056, 2306, 

^ 393tt, 40.5a 

— j Alizantlirene Navy, T. 424d 
-, Alizarin, 1, 20.5a, 206a, 228d, 
413d 

— , — , ABS, I. 229a 

— , — Brilliant I*ure, It, I. 2326 
— , — Direct, I. 231c 

, A, B, I. 4076, 4066 

— , — Indigo, I. 2056 

, H, I. 2296 

— , — Marine, KG., I. 2326 
_ . ocs, RBN, I. 207a 

— Pure, B, 1. 231d, 397c 

— , lUi, I. 397a 

— , — Sky, I. 206a, 231d 

— , , B, I. 405d 

— , Alkali, I. 2336 
— , Anthracene, I. 2056, 2]3tt, 
227c 

„_SWX, WR, I. 200a, 
2306, 39ld, 392a 
— , Anthraquinone, SR, I. 232a, 
6, 397d, 405c 

— , Antwerp, I. 449c ; II. 25c 

— ashes, II. 25c 

— , Azure, I. 583c ; II. 256 ; 

III. 218c 

— , Basle, I. 570a 
— , Berlin, II. 25c 

— billy, III. 340d 

— Black, Alizarin, I. 206a 

Alizarin, 13, SB, I. 404d, 

231d 

, Alizurol, I. 231d 

Blackley, II. 2d 
' — , Bretnen, II. 25c 
VoL. VI.— 34 


Blue, Bwmzo, n.25r; III. 4736 
— , Caledon, brands, I. 414d 

- , — Brilliant, 3G, RN, I. 

415a, 129c 

- , Dark, BM, G, 2R, T. 

424c, 425c 

- , Capri, 11. 2716 

- , Carbazole, 11. 2796 
, Celestine, 11, 442f 

. tVruU'im. 11. 25a 
, l‘bim*se, II. 25< ; 111.33a 

- , CilninoiH*, (i, 3G, HA, 1. 

123c, J24d 

- ,rol)jilt, 1. .583c; II. 25a; 

111. 21Sc 

— , ('yeniiie, 111. 514r 

- , Durindmie. 4R(\ VI. 4.52c 

- -, Egyptian, IV. 257c 

— , Ki'weco Alizarin Acid, B, 
I. 230d 

- , Ksoriiie, H. ]!)9r 

- , EluoiescenI, V. 272d 

- , G.'ilLiiniiK', 1. .5611/) 

- , Gas, 111. 1736 

- - Gicen, (Vllitoii, 11, 1. 12d 
, Indanthri-ne, FPll, I. 

423c 

Blueground rock, 1 11. r>7;5c 
Blue gum tree, JJ. 256 

- , Jlvdron, 11. 2K0/> 

— , — R, VI. 41 Sr 

— , Tndanthmie, IICS, ilK, 

I. llaa. 6 

- .5G, R. I. 400d, 4156: 
39 Id, rmd 

3GT ami R, J. 100c 
-- , Iridoiiie, J. .576c 
- , .lanuH, (1,1. 5706 
.lohn, IJ. 256, 215a; V. 
283a, 28 la 

, King’s, 11. 256 ; 11. 218c 
lead, 11. 256 

- , Iieitch'.s, 1 11. 514c 
, Leyden, II. 256 

, Lime, 11. 25c, 86« 

. Manganese, 11. 25c 
, Marine, L 227c 

- , Matt, HI. 218d 

— , Mettiyleiie, adsorption by 
rice protein, II. 502d 
, Miiu.*ral, 111. 1736 
Moiia^itral, and C'Jironic Yel- 
Jow, HI. 11 2d 

__ li’asi, ns, 1. V ; 111. 

333a; VI. 1296 
, Monthier’b, 111. 172d, 4736 

- , Mountain, IJ. 25c ; III. 26c 
— , a-Napbthf»l, VI. 4186 

— , Neutral, I. 575d 

- New, III. 21 9a 

- , Nicholson’s, J. 2336 
— , Novazol Acid, I. 578a 

IWis, II. 25c ; III. 4736, c 
— , Pinachroine, HI. 516c 
— , Prussian, II. 25c ; HI. 472c, d 
— , — , in Brunswick Green, II. 
HOC 

" , — , in celluloid, II. 4446 
— , — , insoluble, HI. 472d 
— , — , soluble, HI. 472c 
— , Quinaldine, III. 516c 
— , Quinizarin, I. 231c 
— , Quinoline, HI. 515a 
— , Rininan’s HI. 2l9a 
Blues, Acid, 1. 120a 
Blue, Saxon, H. 25c 
Blues, Brilliant, I. 415a 
— , lonamine, I. 205c 
— , — Pure, R, G, I. 40c 
Blue, Soluble, 11. 25c 


Blue, Solway, I. 230r 
— . B. I, 4036, 405a 
— , - B, 1. 4006 
— , — Sky, B, 1. 40r>d 
, — , Ultra. B, I. 4076 
Blues, Polar, 1. 578a 
Soledon, 1. 4296 
Blue, Steel, 111. 4736 
st/one, n. 25a 
Blues, Wool Past., L 577d 
Blue. Tlienard’s, 1. .583c ; 11. 
25a ; 111. 218c 
I’liioiiol, VI. 418a 
, Toliivleiie, 1. ,569a ; VI. 
467c 

Turn bull’s, III. 47 Id, 473a 

— - , — , insoluble. Hi. 473tt 

— , Ultramarine, in Jacciuers, II. 

4736 

— Vorditer, 11. 25c 
vitriol. Ill- 3576 

— , Willjaiiison's, 111. 4736 
Blushing ot eollodion, LI. 168d 
Blutmem, 11. 21 d 
Blutwurst, 11. 2Jc 

Boart , or burl , 1 . 3d ; 11. 309d ; 
111. 57 Id 

Bobbinite, IV. 463rt, 5r)3c 
Bobbin s[)imiing, V. 1 176, 120d, 
121a 

Bodemte, 11. 5l2a 
Boehmite, Hblirnito, 1. 2816, 
11.25c; VI. 1016 
Boer manna, 11. 'lS2d 
Bog-butter, 11. 25d 
Bog-iron-ore, 11. 26a 

- - for purifying coal 

gas, V. 4 Old 

— -- iiiariganese, 11. 26a 
“ Bohnaltte,” I. 253tt 
Bobn-Schmult reiudioii, I. 

2056, 213c 

“ Boiled Keene’s ” plaster, H. 
331a 

Boiled oils, IV. Ola 
Boiling pt., detn., micro* 
method, JJ. 6346 
Boldin. LL 266 
Boldine, II. 266 
Boldoglucin, H. 266 
Boldo leaves, II. 266 
Bole, Bohemian, 11. 266 
, mineral, IJ. 206 
Boloman stone, 11. 26c 
“ Bolognian pijo,sphoi‘us,” I. 
640c 

Boloretin, 11. 26d 
Boizibicesterol, 11. 26d 
Bombonnes, boiibonnes, HI. 
75c 

Boznbycetin, V. 876 
Bombycln, V. 876 
Bombyx mew/, II. 20d ; IV.* 
123d ; V. 8fla 

— spp., V. 86a 

** Bonderising,” protection of 
metals, HI. 393a 
Bone, 11. i^d 

— ash, H. 286 ; V. 67a 

— black, I. L52d ; IJ. 286, 311c 

— chat, II. 31 Ic 

— earth, II. 286 

— fat, II. 286 ; VI. 236 

, extraction, II. 28c ; VI. 

236 

— fats in candles, H. 203d 

— oil, II. 28a, 29c 
, fa.ttyf 11. 29c 

Bones, dissolved, fertiliser, V, 
eod, 736 
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Bones, fertiliser, V. &6d 
— , vitriolised, V. 736 

Bone-Wheeler apparatus, II. 
6760 

Bonne chaulTe, 11. 63d 
Bononian stone, II. 26c 
Booster (explo.sivo), IV. 
Boothite, 111. 3.776 
Boracic acid {nee altto Boric 
acid ; Bonnj), 11. 3.76, 40d 
— “ or boric acid preservative, 
V. 303tt 

Boracite, 11. 306, .3.76, 48t/ 
Soragine, VI. 11J16 
“ Boral,*' II. 30c 
Boramide, II. 43o 
Boranes, 11. MH 
Borate, cupjier, II. 48r 
— , liexaiiicthvlenetclramiiic, 

11. .7.3r 

— , luagnc.sium chloro-, 11. 18d 
, maiigraiiCNe, II. 18d 

Borates, anunoniiun, II. 486 
— , buriurn, IJ. 186 
— , calcium, IJ. 4 Sr 
— , detection, »ec Boric acid ; 
Boron. 

— , lead, II. 48o 
— , metallic, 11. I7d 

— , potassium, II. 48d 

— , sodium, II. IHd 
Borax, 11. 18d 

— and boric acid, indusiriul 

uses, II. nod 

— beads, 11. .7186 

— for glasHmaking, V. 5.71)d, 

561a 

--in cements and plaster, 11. 
13 Id 

— , mineral, Jl. 30c 
Borax usla, II. 4!ld 
Bordeaux, Algol, 3B, 1. 4206 
— , Alizarin, 1. 206a, 213a, 2206 
— Brilliant, H, 1. 212d, 22 Ic 
“ Bordeaux dyes, 1. 220c 
Bordeaux, Indantlirene, B 
extra, I. 420a, 4206 

— mixture, 11. 30d 

Boric acid (see also Boron), II. 
366, 40d 

, antiseptic properties, Jl. 

47c ; V. 303a, 3066 

, cat/alyst for acetic acid 

production, 11. 35()d 

in anthraquinoric ic- 

aclions, I. 20ric, 213c 

, complex compounds, II. 

47d 

, detection and detii., V. 

303c 

in butter, Jl. 167d 

food, detection urnl 

• dein., V. 303c 

grape juice, VI. 1 20a 

industry, II. .71o 

“ Boric acid phosphors,” 11. 
46d 

Boric anliydride, I. 50c ; II. 
46a 

— oxide, II. 46a 

for glassinaking, V. 550d 

Boride, chromium, 111. 11 06 
Borides, metallic, II. 446 
— , rare earth, II. 44c 
Borinoide, II. 43c 
Borneo - camphor or d - 
borneol, II. 30d 

— Illip6 niits, II. 3dd 
Bomeol, amino-, 11. 2456 

— and isoborneoli 11. 30d 


Borneol and t#oborneol, techni- 
cal oxidation to camphor, 
II. 2566 

carboxylic acid, II. 243a 
, dehydration, II. 238d, 427d 

— from- bornyl chloride, II. 

252d 

— in camphor oil, II. 2496 
castor, IT. 4l9d 

— , occurrerice, J. Ic ; III. 183c 

— oil, 11. 256a 

Borneols from camphor, 11. 
2426 

Bomeol, synthetic, II. 24Ud 
fsoBomeol, II. 30d, 237c, 256a 
— , synthetic camphor from, II. 
2506 

Borneo t^allow, II. 31c 
in cacao butter, II. 187c 

— chocolate. III. 886 

Bomesitol, 11. 32c 
Bornite, 11. 32c, .717d ; III. 

341c 

Bornyl acetate, occurrence, 1. 
Ic 

, oxidation, 11. 31c 

Bomylaznine, conversion into 
cainphene, II. 238d 
— , formation, II. 243d 
n eoBomylamine, formation, 
II. 243d 

zsoBornylaniline, 11. 2.78r 
Bornyl a-broimsovaleratc, 11. 
119a 

- chloride and /.sobornyJ 
chloride, JJ, 32d, 250c 

— , convei'sion into cani' 
l»hcne, II. 33c, 237c, 252c 

— Irom iiiuene, II. 336, 250c 
- , hydrolysis, 11. 252d 

— — , isomerisation, II. 254a 

— • di bromodihydrocinnama te, 

I. 141a 

Bornylene, IJ. 33c 
apoBornylene, II. 34a, 240c 
d-Bomylene - 3 - carboxylic 

acid, azide, JV. 31 8c 

B-hydroxamic acid, 1 V. 31 8d 

Bornylene riitrositc, Jl. 33c 
Bornyl /.vovalcroylglycoJlate, 

II. 316 

“ Bornyval ” and “ llornyval, 
Netv,'' II. 346 
neoBorn^al, 11. 346 
Boroacetic acid in estiaitica- 
tioii of piiiene, II. BoSa 
“ Borocaines,** I. 3696 ; 11. 346 
Borocalcite, 11. 356 
“ Borocarbon/' Jl. 346 
" Borocar6on€.” I. 4a 
Boroethyl, IV. 356d 
Boro-^lycerine, II. 34c 
Boron {see also Boric acid), II. 
34c 

— - iirseuat e, II. 46c 

— as trace element, 1. 505a 7 

11. .S.7a 

Boronatrocalcite, IT. 356 
Boron carbides, 1. 4a ; II. 44c, 
28la 

“ Boron, crystalline,” II. 366 
Boron, det-ection, II, 526, I67d, 
547d, 567d, .781d ; V. 303c 
— , detn. IJ. 526, 6456, 653d; 
V. 30.3c 

— , — , gravimetric, II. 59 Id 

— , drop reactions, IJ. 526, d, 

581d 

— hydrides, II. 40d 

— hydrouitride, II. 436 


Boron hydrosulphide, II. 456 

— isotopes, II. 37c 

— monoxide, II. 45c 

— nitride, foimation, II. 38a 

, phosphorescent, II. 43a 

, prepn., II. 43a 

— oxides, II. 456 

- phosjihate, 11. 46c 
— , radioactive, 11. 37d 
-- silicides, 1. 4a ; II. 456 
~ ^ Huboxides, Jl. 456 
sulphide, 11, 456 

- iribromide, II. 44a 

— trichloride, IJ. 43d 

— trifluorido, 11. 43c 

as alkylating agent, VI. 

259c 

— tri-iodide, II, 44o 

— ' trioxide, II. 46a 
Borosalicylate, ethyl, II. 53c 
— , sodium, Jl. 53c 

" Borovertin'' 11. .73c 
“ Borsalyl,” 11. .73c ; IV. 29a 
Bort, I. 3d; 11. 3()0d; 111. 

.77 4 d, .7786 i 
^^Boryir II. 53c \ 

” Bosa,” II. 53c, 488c 
Bosch, II. 53r \ 

“ Bostoniie,^' II. 53« 
Boswellinic acid, tl. 53c 
Botany Bay gum, L 618a 
Botryolite, 11. 229f/ 

Bottle gas, V. 4806 

automobile fuel, V. 481c 

, cal. val., V. 481a 

- - , liquciieii, as solvent-, V. 

481c 

-nose oil, II. 53d 
Bouchardat’s reagent, T. 235c 
Bouillon iioir, II. ^d 
Boulangerite, 1. 439d ; II. 53d 
Bournonite, 1. 439d ; 11. 53d ; 

111. 3 tic 
B.O.V., II. 119a 
Bovey coal, 11. 53d 
Bowl metal, 1. 4426 
Brabender farinograph, 11. 786 
Braga, II. 53d 
Braggite, IJ. 54a 
Bragite, 11. 512c 
Brain lipoid, II. 54a 
Bran, 1 1 . 54a ; 1 V. 597o 
Brandevin, 11. 62d 
Brandy, 11, 62d 
Brandywine, 11. 62d 
Branntwein, II. 62d 
Brass, II. 66d 

— , eleotrodeposition, IV. 2706 
Brassica nigra, B. campestris, 
II. 2d ; IV. 334c 
Brassidic acid, II. 60d 

, di-iodo-, e.sters, II. 676 

Brassylic acid, II. 67a 
Braunite, II. 676 
Brazilein, II. 68d, 73a 
i^oBrazilein, 11. 736 
i5oBrazileinbromohydrin, II. 
736 

isoBrazileinchlorohydrin, II. 

736 

zsoBrazileih salt, II. 73a 
Braziletto, II. 67c 
Brazilic acid, IJ. d9d 
Brazilin, II. 686 
Brazilinic acid, 11, 70a 
Brazilin, occurrence, II. 1956 
Brazilite, I. 5856 ; 11. 67c 
Brazil lump, II. lU2a 

— nut oil, II. 67c 

— nuts, II, 67c 
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Brazilone, anhydroirimethvl-, 
U. 716 

— , deoxytrimpthyl-, II. 716 
— , triacetyl-, 11. 71 a 
Brazilwood, II. 67d 
— extract, li. Ijquor, IT. 716 
Bread, II. 74r 

— fruit, II. 85d 
Breezes, II. 86a 
Brein, 1V\ 275c 
Breithauptite. i. iii'.hl 

“ Brentamines,'* mzcuc Imscs, TV. 
2316 

”Brenthols” TV. DM a, 

22 S6, 2.Sla 

Brewing {see also Alcohol ; 
Amylase ; Fcruieiital loii, 
alcoliolic), TJ. Slia 
Brewster. <l('luutioii, \'. 51(ic 
Brewsterite, 1. (i:U6 
B.R.I., I. 11)06 
Brick oil, III. 12:Jc 
Bricks and clav prodnds, 11. 
I2:u- 

— , .sand-liruo, 11. 1 ISd 
Bridelia bark, h‘. )nnnl(nia, 11., 

1056 

Bright annealing:, \M. l>:Mr 
Brightness factor. Til. 2!)7rt 
Brillouin zones, VI. 2S2tf 
Brimstone, 11. 105d 
Brine evaporatnui iii ota-n 
pans, IV. 11 Ic 
Briquettes, V. 2006 
Britannia JM et a 1 , 1 . 1 1 5r/ ; 11. 
105r/ 

British thermal unit, V. i'XUl 
Broadfleld plant m phnsphab' 
production, \'. 72c 
Broccoli, II. 1.S26 
Brochantite («cc als<t Patina), 
1I.106«; 111. :i00d 
Brodie's rciij^tait, If. 20!)d 
Br5nner's aiad, IT. 118d ; IV. 
2l)()f/ 

Brdnsted relation, VI. 252d 
Broggerite, II. 106a 
Bromal, II. 106a, 
Bromalammonia, IT, 1006 
Bromal diai'Hatc, 11. 1006 
- glycola.lc, 11. 1006 
Bromargyrite, II. 1 o "(/, 1 h' ! c 
Bromates, ddn., t;ravjnii-l i jc. 
11.0106 

, volunictiic, II. 0|O6, 
0,576 

— , qualitative reactions, II. 
577a 

Bromazide, 1. 5816 
Brombutol, 11. 1066 

Bromcarnallite, II. 2i)0a 
Bromelia, II. 1066 ; V. 228c 
Bromellite, I. 085a ; IT. 106c 
“ Brometone” Ji- 1066, 171f7 
Bromic acid, Jl. 117r7 
j deln. and (|ualilative re- 
actions, see utidPT Ilroni- 
nleH ; Uromirn*. 

Bromides, did eciion and detn., 
see under ITroininc ; Ilalo- 

— , qiialiUiivo reaction.s, 11. 

577a 

“ Bromidiner IV. 226 
Bromine, 11. 106c 

— as clilorine carrier, JI. 3536 
chloride, II. llOd 

— compounds, II. 116c 

— , detection and detn., see also 
under Halogen. 


Bromine, deli'clion nf gasenus, 
11. 0.S2a 

- , detn.. gravimetric, 11. OOOd 
in In drogenalion anah sis, ' 
VJ. 2026 i 

, , \a)liinu*lMc, II. 0,53d, 0.57c 

, ilrop react lou. II. 58i</ 
Ihmride, 11. 1 Kid 
, oxidation ol al<kdi\di‘s In, 

II. 3026 

- o\nlc, T1 I lOf 
jMMilallnoiiilc. II. 1 17a 
,qiiald.dni‘ rcaitu)n'^, II. 

570f/ 

“Bromine sail, ’ll. I17d 
Bromine inlluoiulc. II. \[IUI 
“ Brominol,” II. 118a 
" Brominoleum,” H. 118a 
“ Bromipin," J 1. 118a 
Broiiiite, II. K»7d. 1186 
Bromobehenate. II. 1186 
Bromoform. J F . 1186 

, ililoro-, il. 1 1S6 
Bromoil }ilioto^r.i]ihic jnnds, 

III. Ilia 

Bromnphin," 11. 118^ ; J\'. 

401d 

“ Bromopin," 11. 118a 
Bromoprene, I. Shd ; M. 1.5.5d 
Bromostyrol, II. 118/' 
Bromsiilphthalein, II. 118d 
“ Bromiiral," II. 118// 
Bromyrite. 1 1 1186 
Bronze. C’/di.dt, I'l. 211<6 
pov\ (lets, J 1 . 118d 
Bronzite. J 21 la 
Brookite. 1. 27 Da ; 11. 119a 
Broom com, 11. IS2c i 

Brosimum qai telodendron, II. 
119a 

Brouillis. Jl. 02d 
Broussonetm pajnjriprtt, II, 

119a 

“ Bromlol," II. 119a ; W. 2806 
Brown .’O ld, 11 119a 
, Ali'/.aiin, I. 22Srf 
. \ii1 lir.o cin‘. I. 2 12d 
, - , h'P, S4f Ant lii.igallol. 
hci’iics, 1 1 . 119a 
, Kisritaii k, J. 22S/r ; I\’. 

2DU£f, 220a 
, ( 'ac ao, J 1. I H-''a 
, Caledon, K,J.I22f’; 11. IP'// 

, Calcdtmiaii, II. 119a 
( *a]i[i.tgli, 1 1. 119a 
, ( ’at cell 11 , 1 1 . 122f 
, CdianoMc, JI, 1. 122^ ; II. 

I P)a 

, (5, hall. III. 2K)c 
(l.lt.H.H.. I. nod ; n . 1106 
, llatclictl s. III. 17lff 

- , Indant hrciM‘, Hit and (Jit, 

I. 1216, d 

, indigo. VI. 137a, 438d 
jron-orc, ^ J. PH a 
. Lea I her, 1. 1336 
-- od, 111. 21.5d 

- ore. Tl, 5l0d 

-red antimony .sulphide, 1. 
440c 


-siiar, IV, .52d 
Vandyke, IT. Il9a, 4186 
Brucine, 11. 1196 
— , nitro-deriv., II. ISHc 
- oecurreriee, 11. 182a 


icite, IT. 1196 

ig^res powder, IV^ 4826 

mndr's salt, Tl. 1196 

ishite, II. li9c 

iBsels sprouts, 11. 119c, 1826 


Bryogenin, II. Il9d 
Bryoidin, II. 119c ; IV. 2756 
Bryon, a- and p-, TJ. 11 (id 
Bryonin, II. 1 TOd 
Bryonol. II. llOd 
Bryony root., J 1 . 119c 
B.Th.lJ. or Hriti.sh thermal 
unit. V. .231c. 433d 
Bucco, II. 119d 
Buchu, 11. lldd 
- camphor, IT. 12Dc : IV. 8c 
, rNsciitial oj], 11. 120a 
Buckthorn, 11. 120c 
Buckwheat, II. 120c 
Bufagin, II. 1206. 388c 
Buffer solutions, 11.1206; VI. 
327c 

“Buffer solution, universal,” 
11. 122a : VI. 337c 
Buff .stone, in. 32c 
Bufotulien, 11. 2886 
Bufotalin, II. 388a 
Bufotenidin. 11. 288a 
Bufotenine, II. 287d ; VI. 403c 
Bufothionin. II. 288a 
Bufotoxui, II. 288a 
Bugloss, Langiiedoi’. 1. 230d 
Buhrstone, J. 16 ; 11. 150d 
Building materials, IJ. 1236 
sKine, 11. 127c 
Bulbocapnine, IT. 150c 
Bultfonteinite, Tl. 150c 
Bung-hole hoiled oil. 1V^ 016 
Buntkupfererz, 11. 32d 
Bupleurol, J I. 150c 
Burgundy intch, II. 2016 
Burkheiser's luoeesH, 1. 3116 
Burmite. I. 2()2c 
Burning hush, TV. 400r 

in eement manufaeturo, IT. 
123d . 

Burrstone, I. 46 ; TT. 150d 
Burrs, wool, ]omo\'al. II. 1 16 
Bush salt. n. 150d 
Buszite, II. 150r/ 

Butadiene, II. 150// 

. 2-.ic‘('(o\.V', 1. 886 

. /Morin 1.806 

y.y-Butadiene Jn>m acelvlene, 

I. 856 

a-hvitvlene, II. 1776 
ealeeh./l, II. 120c 
Butadienes and jiol voleliiis, JI. 
151r/ 

, hromo-, J. 81)d ; 1 1. 1 546 
ehloro-, and dudiloj'O-, 1. 
hOa ; 11. 1516 
, eonjLigated, 1 1. 151a 
non-eon,) ugated, 11. 1566 
Butaldehyde, bromo-, prepii., 

II. HiOd, 

(soButaldehyde, bromo-, Ilf 

nod 

Butaldehyde, ^-cliloro-, ethyl 
acetal, 1. 306 

- dibutyl acetal, mono- and 
dieliloro-, II. 1706 
— , ^-ethoxy-, ethyl acetal, I. 
3(i6 

-- , ^-hydroxy-, I. 206, 108a 
Butaldehydes, II. 156d 
Butaldehyde, fljSy-tricTiloro-, 
11. 1576 ; 111. 35d 
— , cliloro-, IJ. 170c 
Butane, IT. 173a ; V. 4806 
ci/c/oButane, II. 17.26 
isoButane,€I. 1736 
n-Butane, a-amino-S-guanido-, 
I. 17lc 
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Butane aA fuel, II. 157/> 

refrif^erant, 11. J736 

a-bromo, II. 171c 
- , a-chloro-, II. 172a 
diamino-, II. 178c 

— , dibrorao-, II. ]71d, 177d 

— in carbureitcd water gas 

manufacture, V. 4120 
— , nitrohydroxy-, JI. 17 Ic 
Butanes, II. 173a 
, dihydi'oxv-, II- 17Sf? 

, nitro-, Ii; J716 
Butanol, nan ?i-Hutyl alcohol. 
2-Butanone or molliyl ethyl 
ketone, 1. 71a ; 11. 4120 
Butea frondum, 1 1. 157d ; VI. SOc 
Butein, II. 140, 1585 
— , tetra-acetyl-, II. 1585 

— trimethyl ether, IJ. 73d 
Butesin, II. 1695 

Butin, II. 158a 
Butolan,” II. 1595 
“ Butoxyl," II. 1595 
Butrin, VI. 80c 
Butter, II. 1595 
— colouring matters, II. 107c 
-, diacetyl in, V. .30fia 

— fat, composition, II. 1015 
-’.formation from milk fat, 

II. leod 

— , mineral, II. 168d 

— nuts, II. 108d 

- Biibstitute.s, IV. 2535 
— , veget/ablo, II. 15'Jr, 168d ; 

III. 242a 

— ~ vitamins, II. 103rZ 

Buttgenbachite, IJ. 168d 
Button lac, II, 169a 
Butyl, II. 169a 
n-Butylacetal, I. 30a 
(SoButylacetal, I. 30a 
Butyl acetate in lacquers, II. 
471d 

specification, 11. 4725 

isoButylacetic acid, II. 2715 
ifoButylacetoacetic acid, ethyl 
ester, I. 04c 

n-Butyl alcohol, 1. 27d ; II. 
lODa 

isoButyl alcohol, jS-chloro-, II. 
1785 

sec. -Butyl alcohol, 1-cliloro-, IT. 
1775 

f’^oButyl alcohol from carbon 
monoxide and methaUol, 
11. 350d 

n-Butyl alcohol from croton- 
aldehyde, I. 2flc, 27d 
Butyl alcohol from horse- 
chestnuts, VI. 27«d 

in lacquers, II. 1095, 471d 

production, I. 27d ; 11. 

• 1095, 426d, 4295, 471d ; 

V. 455 

— alcohols, II. 109a 

— alcohol, specification, II. 

4725 

ferf.-Butyl alcohol, tribromo-, 
II. 1065 

, aaa-trichloro-, I. 70c, 

371c; III. SOc 
ButylaniineB, II. 175c ^ 
fi-Butyl p-aminobenzoate, II. 
1595 

isoButyl p-aminobenzoate, III, 
535d 

n-Butyl bromide, II. 171c 
isoButyl bromide, fl. 170d 
n-Butyl butyrate, II. 170c 
ifoButyl butyrate, II. 170d 


zsoButylcarbinol, I. 358c 
sec.-Butylcarbinol, 1. 359a 
terf.-Butylcarbinol, 1. 3595 
“ Butyl carbUoW 11. 1795 
" Butyl celloaolve,*^ II. 1795 
Butyl chloral, 11. 1 575 ; 1 1 1 . :i5d 

hydrate, Jl. 1795; HI. 

35d 

— chloride, II. 172a 

i ?o-Butyl a-chloroiAobu I vra t e, 
II. I70d 

Butyl coiiifiourids, n-, iso- sar.- 
and icrl.~, sac also Hulyl, 
Butylcresol, 11. 17 Id 
Butyl cyanate, II. 172t‘ 

— cyanide, II. 172d 

(lerivs. of aryl iiilro-com- 
poundh, II. r71c 

- diselenidc, 11. 17.75 
i^oButyl disulphide, 11. 1755 
isoButylene bromide, 11. 17 Ir 
i/r-Butylene, bromo-, H. 177r 
Butylene bromohydriu, JI. 

178c 

— (iiamiiKvs, II. I7.Sc 

— dibromidc, IJ. 177d 
zsoButylene dicyanide, II. 17S5 
Butylene di-iodlde, II. 179a 
zsoButylene diuitrite, JI. 179a 
/9-Butylene from butyl alcoliol, 

II. 109d 

Butylene glycolchlorohvdn n, 
II. 1785 

1:3-Butylene glycol ether ace- 
tate, II. 1.595 

Butylene glycoLs, II. 17Sd 

— - oxide, IT. 1795 
zfoButylene oxide, IV'. 320c 

, chloro-, IV. 320c 

Butylenes, 11. 170d 
Butyl esters, II. 170a 
zsoButyl other, aj9-diclilort>wo- 

butyl-, Jl. 170c 
Butyl others, 11. J7'ld 
z^oButylformal, I. 345 
Butyl iodide, II. 173c 

— mercaptans, 11. 174a 

metallic derivs,, II. 173c 

- nitrates, II. 1715 
nitrites, 11. 1745 

oleate in lacquers, II. 472d 
-- phthalatc lu lacquers, II, 
4085 

— stearate in lacquers, II. 479a 
sulphides, 11. i75a 

- Hulplione, 11. 17,5a 
tartrate in lacquers, II. 1705 
lelluride, II. 1755 

— iaothiocyanates, II. 1755 
m-fcrf.-Butyltoluene, II. 174c 
— , trinitro-, II. 174c 
Butylxylene, II. 174d 

“ Butyn/* I. 369a ; II. 1795 
Butyramide, II. 180c 
zmButyrazxiide, 11. 1815 _ 

Butyrates in carrot seed oil, 
II. 4045 

zsoButyric acid, II. 180d, 302a 
Butyric acid, d-amino-, 1. 317a 
zsoButyric acid, a-bromo-, IT. 
1815 

Butyric acid, B- and y-bromo-, 
11. 180c 

zsoButyric acid, a-cbloro-, II. 
1815 

But3rric acid, B- and y-cliloro-, 
II. 180c 

, /8-hydroxy-, VI. 401d 

in butter fat, II. 162c 

— acids, n- and iso-, II, 179c 


Butyric aldehyde, trichloro-, 
11.1575; 111. 3.5d 
— - anhydride, II. 180c 
zsoButyric anhydride, II. 1815 
— esters, 11. 1815 
y-Butyrobetaine, 1 . 087a 
Butyroin, 1. 140c 
y-Butyrolactone, II. 181d 
Butyrolactone-y - carboxylic 
acid, VI. 395 
Butyrone, II, 181d 
-pinacone, Jl. 18 Id 
y - Butyrotrimethylbetune 
fiom carnitine, 11. 3915 
Butyryl chloride, II. 1805 
z5oButyryl chloride, Jl. 181a 
Buxine, II. 181d 
Buxus semfiervirens, alkaloids, 
11. 182a 

BysBochlamic acid, V. 505 
Byssochlamys fulva in fermen- 
tations, V. Sir 
Byssus, 11. 182c ] 

Bytownite, 1. OS^a ; V. 3a 


“ Caapi, ” 11. 182a \ VI. KSOa 
Caapi alkaloids, ll.\lS2a 
Cabalonffa do TAba.sco, IT. 

182a 

Cabbage, II. 182a 

, acids, II. 182d 

Cacao butter or cocoa butter, 
11. 108d, 183d ; 111. 2335 

, acids, II. 185c 

-, adulteration, II. 1855, 
187a 

or cacao fat, German 

regulations, II. 184a 
germ fat, IJ. 1805 j 
, “ liquid nib,” II. 1845 
— mass, ll. 1845 
Cacaorin, 11. J8Ha 
Cacao shell, IV. 597a 
fat, 11. 1805 

— tree, II. 183d ; III. 230d 
Cachalot oil, II. 1885 
Gacbou de Laval, IJ. 1885 
Cacodyl and its derive., I. 489d 
Gacoi^l carbide, I. 4815; IT. 

" Cacodyliacol ” or ” Cacodylia- 
goir 11. 1885 

Cacod^Uc acid, 1. 4815 ; 11. 

Cacodyl oxide, I. 480a; 11. 
188c 

Gacotheline, II. 188c, 5815 
Cacouatl, 111. 230d 
Gadalene, 11. 188c, 190a, 5 
Cadaverine, II. 188c 

— in ergot, IV. 331 d 
Cadechol, TI. 188c 
Cade oil, 11. 188c 

Cadet's ” fuming liquid,” 1, 
479d ; II. 186c 
Gadinene, 1. 5c ; II. 188c 
— , dehydrogenation, II. 188c, 
190a 

— dihydrochloride, III. 337c 

— from copaene, II. 100a 
— , in camphor oil, II. 240c 
zsoGadmene, 11. lOUa 
Gadinol, II. 1905 
Gadmia, II. 2015 
Cadmium, IT. 190c 

— chloride, IT. 193d 

— cyanide, II, 194d 
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Cadmium, detn., by bvili-o- 
gouaiioD, VI. 861d 
— ", — , electrodepoBition method, 
II. 700c 

— — , gravimetric, 11. r)00/> 

— , — in hydrogenation anal vsiH, 
VI. 302a 

— , — , spectroscopic, II. 0n2a 
, — , volumetric, II. 051a 
— , drop roactionH, 11. 5,S0a 
— , eloctrodeposition, IV. 20Sf' 

— hydroxide, II. 103d 

— iodide, II. 194a 
lithopone, II. 194d 

— monoxide, II. 193c 

— nitrale, 11. 194d 

— peroxide, II. 193d 

' phosphate, polyruorisiiig 
agent, II. 429a 

— pigments, II. 191ft 

— , qualitative reactions, IT. 
55 Id, 567c 

— , , rare metals present, 

II. 555fe, 556d 
“Salicylate, II. 194d 

— suboxide, II. 193d 

— sulphate, TI. 194r 
■— sulphide, II. J94tt 

, mineral, II. 19()d 

Gadmopone, II. 194ft 
CsBline, III. 219a 
Gaeruleoellanc acid, II. 194d 
Cssruleum, 111. 219a 
Cseruleum rnoviavnm, I. 583d 
CsBsalpinia brevifoliaj tunning 

extract, I. 201 ft 
-- voriaria, divi-divi, IV. 52d 
~ sappan, 11. 195ft 

— npp., ellagic acid Hource.s, J V. 

21fSd 

, tannins from, IV. 276d 

CcBBium, 11. 195ft 

— as trace clement, T. .5()5c 

— -beryl, I. 684c 
—• chloride, II. 196c 

— , detn., gravimetric, IT. 5S.5a 

— hydride, II. 196c 

— hydroxide. II. 190ft 

— monoxide, II. 1 90c 

— peroxide, II. 1 9(Jc 

— , q^ualitative reactions, IT. 
647c, 554a, 556d, nOOft 

— sulphate, II. 190c 
Gaflearine, II. 196d 
Galleio acid, II. 196d 
GafEeine and the alkaloids of 

tea,, cofTeo and cocoa, 11. 
197a; ITI. 251ft 
Gafleol, II. 198ft 
Gafleone, II. 198ft 
Galletaxmic acid, 11, 198ft ; 

III. 79d, 25 Id 
Gahuecit, IV. 463ft 
Gall-Gedra, II. 198ft 

cedrin, II. 198ft 

Cairngorm, 11. 198c 
Caisson disease, see “ Divers’ 

bends.” 

Gajuput, essential oil, 11. 198c 
Gajuputol, aec l:8-('irieolo ami 
Cineole. 

Gal, II. 198d 
Calabar bean, II. 198d 
Calabarine, IT. 200ft 
Galalatite, I. 298a 
Galamene, 11. 200d 
Galamenene, II. 2()la 
Galamenol, II. 201a 
Gal^meon, II. 201a 
Galameonic acid, II. 201a 


Calamine, VI. 202a 
— , electric, 11. 2(Uft 
" in pharmacy, II. 201ft 

— minerals, 11. 201a 
Calamus, aconitt, 1. 124ft 

— essential oil, I. 121ft 
Calandra ffrannHa, C. spii., \. 

392d, 395c 

Galandria of vacuum pans, IV. 
400ft 

Calaverite, 11. 201c ; VI. ]02a 
” Calcibronat,'' 11. 201c 
” Calcidine," IT. 201c 
Calciferol, 11. 201c ; 111. 24!tft 
” Calcinoi:' 11. 203ft 
Calciocoraminc” 11. 203ft 
Calcite, II 203ft, 2‘J!()a, :*lSa 
Calcium, II. 203d 

— acetylidc - acetylene - am - 

nionia, 11. 21.5‘d 

— aliens, IT. 205ft 

- Hbmuu.itc. II. 228ft 
amide, II. 222ft 

- ammonniin, Jl. 222a 

feiTocyainde, 111. 470d 

- arsenate, II. 220ft 

- azide, 11. 222a 
borate, 11. 229d 
bonde, 11. 229c 
bromide, 11. 21 b 

imdliaiie, double salt, II. 

235a 

- camphorate, eamidiororu' 

from, JI. 2()0c 

— carbide, 11, 215d, 280d 

acctylc'iie production 

from, ]. 107ft 

in bread aiiah.ms, Jl. 82c 

, storage, I. 109ft | 

carbonate, 11. 203ft, 220f/, I 
,518a 

— , (lecorniMisition, 11. 220ft, 
321c, 537c 

for ghtssmaking, V. .500a 

-- - in e.ir.iinel prepn., 1 1. 

270)5 

carbon jl, 11. 3.57c 
chlm-ate, 11. 211ft 
cliloroarsena.te, IT. 227a 

— cldorosilicate, 11. 228a 
-chromate, JI. 231a; III. 

l()3ft, 11 Id 

citrate, 111. ISOa, l!M)a 
cfunpounds lor gla.ssmaking, 
V. 50(>a 

evanamide, II. 219c; 111. 

r)0r)C ; V. 6.5c 
— formation, IT. 216a 

- ryaiiide. 111. -1925 

— dcliei(‘riev, treatment, II. 

21>7ft 

, detn., gravim('ti-ic, II. 588c 

— , — in clay, HI. 203a 

, — , volumetric, 11. 651c 

— dioxiile, Jl. 212ft 

- disulphide. 11. 23nc 

(Irf)p reaction, II. .580ft 

- fi'iToryaTiule, 111. -168a, '170e 

- fluoride, 11. 21.5a 

— gluconate, 11. 2Ulc, 234a, 

297ft 

- Ii3"<lritle, II. 205d, 68.5d 
hydrogen carbonate, 11. 220d 
hydroHulphide, II. 230c 
hydroxide, 11. 21 Id 

- li ydroxy - sulphydrate, 1 1 . 

'2316 

— hypochlorite, III. 63ft 

— hypophosphite, II. 223c 

— imidc, 11. 2226 
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Calcium iti cabbage, 11. 183a 

— in plants, 1. ri0,5c 

- iodnte, H. 203ft, 214d 

- iodide. 11. 201r. 214d 
“ mercuride, 11. 205a 

metaphospliate, II. 226a 
monosulphide, TI. 229d, 271a 

- nitrale, 11. 222c 
-nitride, II. 2t)4d, 221d 
- nil rite, IT. 222ft 

- oxalate in wort, II. 96a 
oxide, IT. 200ft 

, reaction with CO and 

steam, II. 3496 
oxychloride, II. 211a 
oxysulphide, 11. 230d 
fieritasiilphide. If. 230c 
perchlorate, II. 214c 
periodate, II. 2l;5a 
periiitride, II. 222a 
persulphate, II. 233d 
phosphate, 11, 119c, 204o, 
223d 

- , neid, m tloiir, 1 1, Sic 

— . complex with casein, II. 
4 1 1ft 

in bone ash, II. 28ft 
- flour, 11. 79r 

- phosjdmto-chlorhles, IT. 226a 

— jiboHidiide, II. 223ft 
-- pbosjdute, II. 223c 

- -- , acid, 11. 223c 
potassium chromate, II. 

2.3 la 

lejTocyanidc, Til. 470d 
-- sulphate, 1 1. 233c 

- i)yrophos])lialo, 11. 22.5d 

, qualitative ri'actiims, II. 
r)53d, .567a 

-, - - , rare irietul.s present, 
11. r>;5.5d, 5.5(9/ 

— - , role in blood clotting, II. 23c 

— saccharate, II. 212a 

” Calcium-Sandoz,*' 11. 234a 
Calcium .seleiiide, II. 232a 
silicate, electrolysis, IT, 227a 
silicatf‘s, 11. 227c 
silichle, TI. 227tt 
Kilicohorate, II. 229d 
Hilicophosphate, 11. 226ft 
silicot itanaCe, II. 229d 
silver iodide, II. 2J4d 
HodiuTii .sulpJiate, 11. 2.33c 
hulj^liate {see also Oypsuni), 
II. 232ft 

— hemiJiydrat.i', 11. 130a 
.sulphate in ammonium sul- 
phate j) rod net ion, II. 424 ft 

^ — masonry, JJ. 128c 

- - , Tiimeral, 11. 204 a 

— iilastors and cements, II, 
129ft 

sulpliite, II. 232a • 

sulplmcarbonate, II. 231d 
lotroxide, Jl. 212c 
thiocyaiiate, II. 2036 
thiosiiljiliate, 11. 233d 
titanate, 11. 229d 
-- zirconale, 11. 429c 
Calco-uraiiite, 1. 558a ; IT. 
393a 

Calc-Bpar {see also Calcite )• ID 

203ft 

Calculations, chemical, 111. la 
Caldariomycin, V. 58c 
“ Caledon ” dycis, I. 424ft 
Calenderii^ textiles, V. 188a 
Calendula ojfinnalia, II. 234a 
Galgon, II. 2346 
Galiatur wood, II. 2346 
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Caliche, IJ. 234^ 

Calico printing, IV. 17.Sr/ 

, casein in, 11. 4 M ^ 

, direct si vies, JV\ 17!)^/ 

-- dyed styles, IV. ISlr 

— — with uniline Muck, IV'. 

17nr 

. , — flzoir rives, TV. lS2rt 

“ Jtapidnzol ” dyes, J V. 

IV IS.'lr 

" Hnyidogcn " dyes, 

IV. IHHrt 

Califorxute, IT. 234^i 
“ Galines,” cuuloealine, iiliylln- 
caliiie, rhizorsiliiie, VI. lllSr 

Caliaaya, 11. 2341) 

Gallaite, 1. 2i)lr/ 

Gallistephin, 11. 2341) 
Callislephus rhiuntsin, 1. ti?i2d 
Calhtris glavca, VI. 1421) 

■ - tniralrojfira, VT. 1 121) 
Gallitropic ueid, 11. 234)1 
Calluna vulgaris, II. 231r/ ; 1\'. 

:VAiib ; VT. Ihdn. 
Gallutannic acid, 11. 234r/ 
Calmataznbetin, II. 
Galmatambin, IJ. 235n 
Calmonai:’ II. 235a 
" Cal-nitror 1. 3.'-.2r/ 

Calomel, dcd-n., 11. 002(1 

— half-element, VT. 1130a 
“ Calomeloir II. 235a 
Caloncoba glmtra, C. spp., I). 

235a 

Calophyllum inophijUvm, II. 

235a 

Calophyllum oil, II. 23.V) 

— , fatly acids, 11. 230/) 
Calorific values, gros.s and net , 

V. 331(1 

— ■ — of f\iels, V. 331c 
Calotropis spy., V. lOtH) 
Galotype, 11. 2356 

* Galumba alkaloids, II. 2356 
“ Calvados,'^ III. 127c 
Galycanthine, (.^focNiIvcant liine, 
11.236( 

Calycanthus spy., 11. 23(ic 
Gambe wood, 11. 260c 
Gamboge, III. 237a ; V. 427c 
Cambrite, IV. fi.'lOc, .7i.71c 
Camelina saliva, II. 2376 
Gameline oil, 11. 237a 
Camellia japonicn, VI. HOc 
Gamellia-saponin, sOc 
Gampeachy wood, II, 2376 
d - Campbane - 3 - carboxylic 
/uad, IV. 31 Sc 

Campbane, a-dichloro-, 11. 
2396 

isoGaznphane formation, 11. 
2426 

€eu3iphene, IT. 237r. 2.''>2c 
to- hmnu)-, 11. 23S6 
, oj-chloro-, 11. 2396 

— frf)jn borneol, II. 31r 

— bornyl rhlornh’, 11. 2 l»26 
pinetie, 11. 2.'iS6 

— glycol, II. 239a 

^ - hydrate, 11. 23Sc 
-- Tiydrochloride, II. 239c 
, to-niiro-, 11. 239c 

— — , oxidation. 11. 210d 

— , oxidation to camphor, jJ. 
238d, 257a 

— , source of l)orneol, II. 316 
Gamphenic acid, II. 238a 
Camphenilol, II. 2d0o 
Gamphenilone, 11. 237d, 240a 

— formation, II. 2576 


Campbenilyl chloride, II. 240c 
, methyl, xanthat/C, distilla- 
tion of, IJ. 34a 
Gamphenylic acid, II. 2386 
— nitrite, II. 239c 
Gamphochol, 1 1. 240r 
Camphol, 11. 2A0rl 
a-Campholenaldehyde, II. 
2426 

Campholene formation, JI. 
243(f 

oc-Campholenic acid, diliydro-, 
II. 2416 

Gampholic acid, U. 2 1 la 
i5oCampholic acid, 11. 244a 
a-Campholide, II. 2126, 217(/ 
/3-Gampholide, II. 217f/ 
or-Campholytic acid, II. 218/ 
Gamphonenic acid, JI. 219a 
Camphor, JI. 240(/ 
^-Camphor, 1 V. 318c 
Camphor, acetyl-, 11. 243/ 

, .null no-, 11. 2 1.56 
Camphoraiiil, II. 2 . 5 Sc 
' Camphor, art ilicial,’’ 11.32//, 
250c 

Camphor, henzovl-. II. 243( 
-carhoxylic acid, II. 213fr 
, chloro-, 11. 2116 
, ('omimund vvith apocindic 
acid, 11. 210( 

- , — - deoxycliolic ;i(.ud, 11. 

1 SSc 

— , deh>dration, II. 10 Ic 

deri\s., iiumhering, IT 213/' 

-, del II.. II. 259// ; JV. 5.33c 
a-Camphorenc in cainiilior oil. 
11. 219c 

Camphor, essential oil, 11 2496 

- from hr)rneols, 11. 31c, 2506 

- glycol, 11. 210/i 

— , halogen derivs., 11. 2146 

- , hydroxy-, 11. 2 15// 
Camphoric acid, 11. 2 1 la, 247c 

- , — , /3-hroni()-, II. 2486 
formal ion, JI. 33/, 31a 

— , hytlroxy-, 11. 2376 
apoGamphoric acid, II. 239«, 
211c 

— . carhoxy-, IJ. 239a 
as-apoCamphoric acid, ] I. 3 16 
i.<!oCamphoric acid, 11. 217/ 
Camphoric anhydride, a- 
bromo-, 11, 2186 

- - , a-cliloro-, 11. 2186 
Camphorimide. II. 2 1 8a 
Camphor in eelluloid, JI. 2l9c, 

200a, I 136 
, M)do-, 11.21 !(/ 

“ Camphor. Ngai," II. 39(/ 
Camphor, nitro-, 11. 215a 
, pKcnr/onit ro-, II. 215a 
, i8onitroso-, II. 2H»r 
Camphor one. II. 260c 
Camphoronic acid, JI. 2116,^ 
2426, 21Sa 

/^oGamphoronic acid, II. 2426 
Camphor quinone, 11. 31()c 
, r(Hliiction, II. 21.5// 
Camphor sulphonic acids, 11. 
245c 

Camphor, synthetic, 11. 249c 
“ Camphortar,” IW 3Ja 
Camphylic acid, 11. 2 l8r 
Camwood, II. 260c 
Canada balsiim and resin, 11. 
261a 

in Ilexible collodiiim, II. 

408c 

- pitch, II. 2616 


“ Canada Snake-root,” 1. 498// 

Ganadine, II. 2616 ; VI. 

295(7 

Ganadolic aidd, 11. 2016 
Ganadolinic acid, 11. 201a 
Cananga, esHcntial oil, II. 2616 
Canarin, II. 2616 
Canarium spy., IV. 275a, 270//, 
Canavalia erisiformis, J. 659a 
Canavanine, I. 3186 
Cancer, exporimentnl iiroduc- 
tioii, JI. 3786 
Gandclilla wax, II. 261c 
Candle inakiiig, VI. 222c 
Candlenut, 11. 2626 
oil, I. I9S(' ; II. 2626 
Candles, 11. 263a 

, dy(‘s for c(donrmg, II. 2(i8f/ 

, l,illf»v\, acrolein Jroin bujie 
irig, II. 203c 

Candle wicks, borax pickling. 

II. 50(/, 20r)a : 

Canclla alba, II. 2p9c 
Canella balk. IJ.l269c 
" Canellin,” 1 1. 209c 
Canfieldito. I. loilr ; A'. 529c 
Cannabinol, II. 209// 
CannabinolactoiieV II. 209// 
Cannabis indim resm, 11. 269/ ; 

VI. 422c \ 

saliva. 1. la ; IV'.VsOa. 251/) ; 
V. 102c ; VI. 29oa, 422c 
- prof ( 111 , J \', 25 1 6 
Canna rdttlis, I, l(i86 
Cannel co.il .ind coke, \. 137/' 
Canning and bottling, V. 2996 
Cannizzarite, II.270i/ 
Cannizzaro’s i'(‘acl ion, 11. 270a 
Cannomte, 1\'. 539a 
Cannon-spar, 11. 293c 
Cans, corrosion and protection, 
V. 299c 

Cantharides, 11. 2706 
Cantharidic acid, 11. 2796 
Ccuitharidin, II. 2796 

-conlainitig insects, 11. 271a 
isoCantharidin. 11. 271a 
Cantharis vvsivahria 11. 2796 
Canthiam ghibriflannn, IT. 235a 
Canton’s phospborns, 11. 239a 
Canvas rooling, V'. I95f/ 
Caoutchouc, .sec Itubber, 

Cap ('(mijiosil ions, IV. 543c 
“ Cape ruby,” V. 129c 
Capric acid, 1. 199c ; 11. 2716 ; 
IV. 27Sc 

Caprine, 1 1. 2716 
Caproic acids, II. 2716 
. a-rimiiio-. III. .3I7((, 
t/z-Caproic acid. 11. 271 c 
CtoGaproic acid, 11. 271// 
Caproic acids, II. 2716 
” Caprokol,” 1 1, 271// 

Capryl or octyl, IJ. 271// 
Caprylic and, I. 199/' 
Capsaicin, JI. 271//. 27 Ir 
Gapsanthin, TI. 2726, .3996 
Gapsanthinone, 11. 273a 
Gapsanthol, 11. 273r 
Gapaanthylal. II. 2736 
Gapsicine, 11. 2756 
Capsicum, J I. 2736 
resin, II. 2756 

Capsicum spy., II. 271//, 2726, 
27.56 

Gapsorubin, 11. 2726, 3996, 
401a 

CapBularigenin, II. 275/? 
Capsularin, II. 275c 
Capsylaldehyde, II. 273a 



Caput mortuum^ II. 275c ; III. 
278r 

Ceirajura, I. 381d ; II. 27Gc ■ 

III. 2Bb 

Garajuretizi, II. 27r)c 
Carajurin, II. 275c ; III. 28c 
— , dibronio-, III. 28f7 
Carajurone, 11. 275d ; HI. 28c, 
29c 

Carambola, IT. 275(1 
Caramel, II. 276(i 
Garamelan, 11. 276c 
Caramel, detn., II. 211a 
Garamelen, II. 276c 
Caramelic acid, (I. 276c 
CEuramelin, IJ. 27()c 
Gar ana, II. 271 h 
Garane, U. 3HSd 
Carapa oil, II. 2776 
Caratol, in carrot sood ml, H. 
4046 

Caraway, 11. 277c 

' ftss('nlial oil, II. 278f( 

-- oil, ra.rvcol in, Jl. 10 Id 

, carvono in, IJ. 1066 

" Carbacaine,*’ 11. 2806 
Garbamic .-u id, 11. 2786 
Carbamide, acetyl oc-ln-onio-oc- 
etliylbulyryl-, I. Ic 
Carbamino-acids, I. :i20d 
Garbaminoylcholine, HI. 01a 
Carba ])rocc.ss of COj pro- 
diicti(ni, IT. 3276 
** Carhasone,” 1. 187ft; 11.2786 
Carbazide, II. 2786. 303c 
Carbazines, 1. 133d 
Carbazoimide, 11. 2786. 323ft 
Garbazole, II. 278c 
, N-acct.yl-, IT. 2706 
- -1 -carboxylic acid, II. 270c 

- 3;0-dianiiiio-, Tl. 2806 

- -3-dia7iOn]iini hydrochloride, 

HI. fiOSft 
dyes, 1. 420d 

- from Tjrucitie and «t ry cliriiiie, 

II. 278(/ 

coal tar, II. 278d 

-- in antliraceiie, detection, I. 
.3876 

— indophenol, Jl. 280ft 
— , N-nitroso-, 11. 270c 

— , piffnicnts from, 11. 2806 
Garbazolene. IT. 270ft 
Carbazones, I. 133d 
Garbazyl Isetoin's, 11. 280ft 
Carbene, T. Hla 
“ Carbest.” IT. 6826 
CarbideB (.see afso Acetylene, 
metallic den vs.), II. 2806 

" Carbitoir H. 282ft 
Carbocamphonilone, 11. 2386 
“ Garbocite procesK,” V. 36r)6 
Carbocyanines, 2:2-, 2:1-, and 
1:1'-, HI. r>16c 

, indo-, indotlna-, iiidoxa- 
and oxathia-, ill. .'»2.3d 
— , iinsymmetrical. 111. .'“>236 
" Carbofrax," H. 36 1« 
Carbohydrase, doliiiition, Jl. 
282o 

Carbobydrases, functions, JV. 
3H6 

Carbohydrates, IT. 282a 
“ Carbohydrates, digestible,” 

IV. 599d 

Carbohydrates in feeding 
stuffs, IV. 592d, 603fl 

rice, H. 4946 

starch, II. 482a 

— . — cabbage, II. 183a 


INDEX 

Carbohydrates in carrots, H. 
403d 

“ Carbohydrates, soluble,” 

IV . ^md 

Garbohy dr azide, 11. 303c 
Carbolic acid, or phenol, II. 
303c; HI. 207d. 212c 

, liquid, HI. 4266 

Garbolineimi, 11. 308d ; HI. 
421d 

Carbon, I T. 308d 
” Carbon,” 1. 3d 
Carbon, activated, I. 1 10ft 
Carbonado, I. 3d; Jl. 300d, 
356d: III .TOft 
“ Carbonalpha.” II. 31,3ft 
Carbonate.” abrasivi', 1. ,3d ; 
I1..3.-.6d ; 111. r.T.m 
Carbonate, detn., pra\ niiol nr, 
II. .'iOlc 

Carbonate of harvtes.” 1. 
6.51 ft. 

Carbonates, hidi.'n mnr \iilli 
iiulicalors, II. 6106 
of .sugars, 11. 2916 
qualifalive reactions, 11. 
r»69d 

Carbon hromide, 11. 32()c 

-carbon oxides equihOnnin , 

V, 36Kft 

chlorosnlpliides, from ('S,, 
11. 353( 

elirorniuni alloy, III. lOh/ 

-- eoinpounds, II. 3206 

,coinhus1ion analysis, 11. 
()l ."ic, niKTo, 1 1. ti3(ift 
, qualitative lesis, II. 61.5ft 
- , del eel ion, 1 1. 56.Sd 
- - - dil»roiiiid<*, 1 1. 320c 

— dioxide, n. 323( 

as Ic'i'liliser, II. 3266 

— .'d inospliere for food 
.storage, 11. 3266 ; V. 293d 
- , deln., gasonielrie, II. 
677c, griiMinelnc, 11. (1826. 
and Aoluinelrie, 11, 01 2d. 
6l5d, 6S2ft 

— , idiYSieal, Tiielhods, 11. 

6826 

fumigation, H. 301c ; V. 
39 4 d 

, liquid, H. 320c. 328ft 

.reaction willi (ingnard 

re.T gents, IT. 3036 
■ - , .solid, II . 320c, 3HSr ; IV. 

5()ft 

— disulpiiide, 11. 3286 

. (U-tecl.ion, II. 509ft, 082d 

- , del, 11 ., II. tlS2d 

— , in funiigaled food, V. 
390»c 

fumigatioii, H. 3 lift ; \. 
.3966 

, InriiJiie.scent oxidalion, 

Til. 236 

, jirepri. from hvdrfic.ir- 

hoiis, 11. 'VSld 

-.reaclion with chlorine, 
H. 3.53a 

— -- recovery, 11. 3386 

— - , removal from benzole, I. 

674d 

, speciliciitioii, IJ. 344a 

vapour, absori>tioii in oil, 

II. 3406 

— - fluoride.s, H. 3236 

— lluorochlorides, II. 3.50a 
Carbonic anbydrase, IT. 356(2 
Carbonisation, sec also Coal 

carbonisation. 
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Carbonisation, higli 
ture, V. 3676 

— , low (.oiuperature, V. 364d 

- - of wool, H. 146 : IV. 12ac 

Garbonite, 11. 357a 

” Car6onife,'* IV. 463(f 
Carbon monosulpliide, H. 3226 
■ monoxide, H. 3646 

- - — , action on metals, H. 357o 
and methanol, acetic acid 

from, 11. 425c 

, blood test, II. 0H2(f ; VI. 

106(1 

- - , del eel ion, H. 560ff, 6826 ; 

HI. 216 

- , (let n..ga, some! ric, 11. 078r 
, Jjigli pressure reduction, 

II. 125c 

, react ijiii \m(Ji liydrogen, 

VI. 378d 

oxvsiilplnde, detection and 
dctii-. II. 083ft 

- . prepn.. II. 33Sft 
Carbon jiapci-s,” VI. 490ft 

Carbon proc(*ss in photo- 
graphy, III. 1 10ft 
Carbons, (lerolorising, 11. 31](/, 
320ft 

Carbon Huhnitride, M. 32Ic 
snhoxide, H. 351d 
— . reads as iii.ilonic an- 
Jiyilride, H. 352c 
hubsulplnde, II. 323c 
siilphidosclenide, H, 3236 
I elrahroinnh*. lornnition, H. 
350 ft 

, firepn., II. 3206 
, presema- in bromine, 11. 
1186 

1 el raeliloride, I. l()5r: ; H. 

353ft . 

(ire exhngnislier, V. 209c 
- in lumjganls, II. 314a 

warl.ire, HI. lOr 

, iirepn., III. I la 
lelratluonde, 11. 3236, 350tt 
1 el ra iodide, 11. 321 c 
trihromide, 11. 320c 
Carbonyl- J-acid, IV. 222r/ 

- azide, 11. 2786, 323a 
bromide, 11. 323ft 
cJilonde. see also lMio.sgene. 

, ('iirl)on tetracldorido 
from, II. 35 Id 

inepii., H. 321r, 354(1, 
355c 

jiroperlies, 11. 321(! 
conipoundh, detection and 
detn. as hydruzories, H. 
020f ; VI. 304c 
- cyanide, IT. 3226 
” G^bonyling ” of nickel, II. 

351ft • 

Carbonyl nitride, 11. 2786 
selmiide, II, 3236 
Carbonyls, jrielal, IT. 351a, 
357ft 

Carbonyl hiiljilnde, H. 322c 
Carbo oven, 11. 311c 
Garboraflin, II. 358d 
” Carborundum^ ahrasive, I. 3d, 
4 ft, 

- Hours, 11. 359d 

- occ'urrence, H. 280c 

-- production, IT. 310d, 358(2 
“ Carboserin,” H. 3616 
” Carboxide^ H. 361c ; V. 395(2 
” Carbox^e gas,” IV. 3806 
Carboxylase in yeast, II, 99d ; 
V. 106 
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Carboxyl group, detn., II. 
025d 

Carboxylic acids, II. 361r 
Carbox^eptidaae, IV. Ill Id, 

Carbroxnal or carbrorualum, 1. 

141a 

Carbro process in photo- 
graphy, III. IJla 
Carburetted watctr gas, 11. 
345rt; V. 40«r, 41)06 

, composition and cal. 

val., V. 472c 

, “ gas oil,*' V. 4726 

, waste heat boiler, V. 

47) « 

Carcinogenic hydrocarbons, 

II. 3786 

Garclazite or earcla/yto, II. 

3806 

Cardamoms, 11. 3806 

— , essential oil. 11. 381a 
Cardboard, casem adhesive in, 

IJ. 4116 

Cardiac isoaglycoues, 11. 3H26 

d ?lye,OHides, 11. 381a 
ardiazot,” II. 388c 
Gardol, I. 3tl6a ; 11.388c 
Gardox blasting process, JV. 
.'502c 

— cartridges, II. 388c 
J’’-Garene, II. 388r 
J^-Garene, 11. 3896 
Carius li.'ilogen detn,, 11. 0206 

, micro - met bod, IJ. 

032m 

— sulphur detn., 11. tJ21c 

, micro - method, II. 

032c 

Garlic acid, V. 526 
Garlosic acid, V. 526 
Garminamide, 111. 220d 
Garminazarin, II. 390a 
Carmine, a- and d-bromo-, 111. 
227a, 6 

Garminic acid, JI. 390a ; III. 
22fld, 22iW 

Garmolsine, 1 1 . 390a 
Garnallite, II. 101)6, li)5c, 212d, 

390a 

Garnauba wax in candles, IT. 
204c 

Gamaiibic acid, TT. 3906 
Garnaubyl alcohol, 11. 3906 
Garnegine, II. 390c 
Garnelian, II. 5176 
Gamine, II. 390r/ 

Garnites, JI. 391a 
Carnitine, 1. 0S7a ; 11. 391a 
Carnose, 11. 301a 
Garnosine. JI. 392a 
Garnotite, IT. 392d 
Gcrob t r(a\ 1 1 . 3936 
Carol, IJ. 303f/ 

Garolic arid, Y. 526 
Garolinic acid. V. 526 
Carone, TT. 3936 
CEn'Onic acids, ci.s- and /mn.s-, 
II. 3806, 31)3d 

Caro's acid, IT. 393d; VI. 

341fl, 3456 

Carotene, 11. 393d, 30Sd ; 111. 

184d ’ 

— , a- and j9-, II. 307a. 304c 
— , detn., colorimetric, II. 3046 
— in flour and wheat, 11. Sic, 
5()5(! 

— , occurrence in plante, 11. 

183a, 2726, 404a 
— , sources, II. 304a 


/3-Carotene, j?-carotene alde- 
hyde, structure. If. 3906 
— , conversion into vitamin .4, 
II. 394d 

dihydroxy-, II. 39,56 
y-Garotene, XL 3076 
fsoGarotene, II. 394d, 3l)7d 
p5£udo-a-Garotene, II. 397d. 
Carotenoids, 11. 1.51a, 397d 
— , animal, II. 401c 
— , bacterial, II, 401d 

- , biosynthesis, 11. 401 d 

f cliroinBl^DgrHpliic S6i)£irril'iony 
II. 3086 

- - in butter, 1 1. 1 036 

— » physifdogical importance, 
11. 402a 

— , plant, .structure, II. 308a, 
300a 

Garotenone, 11. 30.56 
/3-Gar otenone, JI, 30S)6 
aldehyde, 11. 3056 
, oxidation, 11. 3t)56 
Carol gum, VI. 150r; 

Garoubin, J. 000a ; JI. 3036, 
403a 

Garoubinose, 11. 3036, 403« 
Garpaine, J 1 . 403a 
nitroso-, 11. 4036 
Garpamic acid, IJ. 1036 
“ Car phenol,'* 11. 1506 
Garpiline, 11. 403c 
Carpotroche oil, If. 403c, 5236 
Carragheen, 1. 1006 ; II, 403c 
, detn., 11. 403d 
Garragheenin, II. 403d 
Carrot, li. 403d 
Garthamidin, 11. 4016 
Garthamin, IT. 4046 
Carthamus liurtorins, IV, 806 
“ Cartox,'* V. 305d 
Carum canw', II. 277r ; IV. Ic 

- - pc( roach nvm, I. 45()r 
Garvacrol, p-amino-, I. 326a 
— , cliloro-, 11. 404f 

from c.iiiiphor, TI. 2 1 2d 
— carvenone, Tl. 4 Old 
111 camidior oil, JI. 210c 
reduction In carvomenlliol, 
II. 4()5c 

Garvasept, II. 404c 
d-Carvene in caraway oil, JT. 
278a 

Carvenene, IT. 404c 
Garvenol, JI. 40 Id 
Carvenone, JI. 404c ; IV. 06 

- from enraphor, 11. 212d 
reduction to carvornonthol, 

II. 40.56 

Carveol, II. 404d 

— from carvone, IJ. 1076 

- in caraway oil, II. 2786 

- ', reduction to carvomeidhols, 

JI. 105r 

Carvestrene, II. 405a 

- from carone, II. 303c 
Garviolacin. V. 55c 
Garviolin, V. 55c 
Garvomenthol, JJ. 405a 

— , formation, II. 405a, 4076 
— . oxidation, II. 400a 
Garvomenthone, 1 1. 405d 
-- from carvone, II. 4076 

carvotanacetone, II. 408c 

Garvomentbylamines , 1 1 . 

400d 

Carvone, II. 4066 ; IV. Ir, 5o 

— ", hydroxy-, II. 4086 
- in caraway oil, II. 278a 
— , reduction, II. 404d, 406c, 4076 


Carvotanacetone, II. 408a 

4086 

— , reduction, 11. 405c 
Garylaznine, II. 303c 
Garyopbyllene in Canella alba, 

II. 269c 

Caryophyllenes, II. 408d ; Ilf. 

183c 

Caryophyllenic acid, II. 4096 
Caryota urens, V. 1086 
Gasale process, I. 336d 
Gasca bark, IV. 335d 
Gascalotte, VI. 1536 
Cascara sagrada, JI. 410c 

substitute, I, 1 08a 

Gascarilla, essential oil, II. 
411a 

Gascarillic acid, 11. Ilia 
Cascarol, II. 410d 
Case-hnrdening with sodium 
cyanide, 111. 4856 
Casein, JJ. 411a 
— , adhesives, 1. 1 12d 
— , as photograpliiq film, II. 

448tt \ 

-libres, JI. 416a; \lV. 12.5c; 

V. ll.5c \ 

— in curd, 11. I(i3a \ 
Gaseinogen, 11. 411a\ 

Casein pJastics, II. 41pr 

wool, IJ. 116a \ 

Cashew mit, J. 126, 365d 

shell oil, I. 366a 

Casimiroedine, IT. 417d 
Casimiroine, 11. 417d 
Casimiroitine, IT. 118a 
Cassaidine, IV. 336a 
Cassaine, JV. 336a 
Cassava, Tl. 418c 
Cassel earl I), 11. 4186 
Cassia, TL 4186 ; Til. 182a 
Cassia angyatifolia, III. J56c 
Cassia, essential oil, II. 4186 
Cassia ocndcntalis, III. 2576 
Cassia oil, cinnamaldehyde in, 

III. 180a 

Cassia fora, 11. 419a 
Gassie od, 1. lie 
Gassiterite, II. 4196 
Gastagnitol, 111. 27c 
Castelagenin. II. Iiod 
Castelin, II. 419c 
Castilloa clashed, JIT. 546a 
Castner olectndytic coll, III. 
55rt 

Castor oil, II. 420a 
in do])es for film manu- 
facture, II. 4486 

— laequers, 11. 46Sa 

---■ — , speeilication, 11. 472c 
-- or castm eum, II. 419d 
“ Catadyn " process, IV. 24 d 
Catalase. II. 422c ; IV. 3156 ; 

VI. 1686, 346a 

^ , constitution, VI. 16Sc 
- in bread ‘ rope,’ 11. 846 

— - malting, JI. 81)a 

— - rice, II. 195d 

, mol. wt., VI. 1686 
> prepn., VT. 1686 
“ Catalin,’* 11. 422c 
" Catalpor II. 422d 

Catalysis {see also ('atalyst(s) ; 
( 'hain reaction?' : Eaterillca- 
tion, catalytic; Reactions, 
heterogeneous ; and cata- 
lysed processes, os Hydro- 
genation), XI. 422d 
— , acid, relation to conduc- 
tivity, VI. 242a 
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CatalyeiB, active centres in, Cataphoresie, 111. 283c , CoUobiose, 11. 2nHh,442c 

L- ■ Catapleiite, II. 429r ' relation to rolUiloso, II. 4.^7 n 

, activity coemcients in, VI. Catecbin, 11. 433(1, 435c — units in cellutose, 11, 301r 

244a, 246a “ Gatechin C.” 11. 135c CrtlodeKtriiiB. 11. Wld 


— , adsorption in, II. 539c ; VI. 
215o, 314c 

— and dissociation theory, VI. 

241d 

— hy metallic halides, VI. 2,')9a 
ions, VI. 258d 

— , catalytic coiLstiint in, VI. 
241a 

— , definition, VI. 255c 
— , dual theory, VI. 24Hc 
— , general acid-base. VI. 2'V.ih 
— , homogeneous (.sec also (\'i la- 
lysis), VI. 240c 
— , hydrogen ion in, VI. 2^53c 
' hydroxyl ion in, VI. 25:ic 
— , inhibition (.see aJuo ("alalysl 
poisons), VI. 2G0r 
-in industrial chemistry, 11. 

422(7 

inert solvents, VI. 251 fc 

non-aqueous solvcints, VJ. 

244ft, 251a, 255ft 
mass action in, 11. 53nc 

— negative, scr (Vitalysis, in- 

hibition ; Catalyst poisons. 
-- of pineiH' isomerisation, Jl. 
258ft 

— , iirimary salt elTeri in, VI. 
246ft 

”, reaction velocity in homo- 
geneous, VI. 2na 
— , secondary salt effect in, V’l. 
244ft 

spontaneous reaction in, VI. 
251a 

— -, statistical effect in, VI. 253(7 
— , .strong electrolytes in, VI. 
243(7 

— , theories, VI. 372c 
— , water molecule m, VI. 253c 
Gatalyst(8), sec aim Anti- 
oxidants ; Auxin ; (\ita- 
lysis ; Enzymes ; Hor- 
mones ; Hydrolysis ; and 
under catalysed procc^sses. 
Catalyst iioi.sons (ncc also Anti- 
catalysts ; Catalysis, in- 
hibition ; Catalysts, nickel, 
poisons), I. 331tt ; II. 423c, 
540c; VI. 211c, 218a, 2(}l)c. 
330(7 

Catalysts, prepn., see Ilydro- 
genation ; 11. analysis ; 

H. of coal. 

— , promoter actioms, IV. 31(](/, 
355c 

— structure, VI. 377c 
— , typical, VI. 212(7 

— uniformity, VI. 38()ft 
Catalysts, action on water g;is, 

TI. 340ft 

— , (lebydrntlng, IV. 35()c 
— , “ foraminal-e,” VI. 18lf7 
mas.sivc and colloidal, VI. 
216c 

— , nickel, poisons. VI. I80r, 
181ft 

— of oil hydrogenation, 11. 

427a ; VI. 178ft 

Catalytic esterifleation, IV. 
338(7 

. — oxidation of aldehyde.^, VI. 
2616 

^ sulphites, VI. 200(7 

— power and acid- base strength, 

VI. 252(7 


dl-Gatechin, 1. lib 
Catechol, II. ^29c 
— and acyl and aryl derivs. in 
pharmacy, II. 431a. 432ft 
“ as bactericide, 11. 431a 
Gatecholcitraconein, II. 133ft 
Catechol esters, if. 13 1ft 

. reaiTungenient, II. 432tt 

Gatecholitaconein, II. 433b 
Gatecholphthalein, 11. 433ft 
Catechol, raie cartli den vs., 
11. 51.5(7 

Catechols, alkyl, as disinfec- 
tants, 11. 432ft 

Catechol sulplnuiic acids, II. 
432(7 

— t annin in beat her, 11. 23.5a 
Catechu. 11.433ft ; IV. J2tib 
Catechutaimic arid, 11. 138ft 
Catellagic acid, 11. 439(7 
Catenarin, V. 5,5(1 

Catha fdiilis, J. lift; IV. 3l7ft 
Gatharometer, V. 31iO(7 
Gathartin, 11. 439(( 
Gathartogenic acid, II. 439(r 
Gathidine, I. lift ; II. 130ft 
Cathine, 1. lift ; II. 439ft ; J \ . 
3177) 

Gathinine, 1. lift ; II. 430ft 
Cathode (*i1ici(3ucv. 1\'. 26J(’ 
Cathodic protection of metals, 
HI. 302( 

Cation acids, VI. 247ft 
Gat'a-eye, oriental. III. 1 10(r 
Cauliflower. II. 182ft 
Gaulophylline. 11. 439ft 
C&y (-ay hit, (Av-ciiy la.(, II. 

439ft ; IV. 1(7 
Cayenne pct»pcr, IJ. 273ft 
C.C. (earthenware), VI. 8(7 
G.E. ((^'CpIosiv(»), IV. ISHa 
Cedar camphor, II. 430c, 4 11a 
Gedarite, 1. 302c 
“ Cedar, Moiilrnem,” 11. 130(7 
Cedar mil oil, IV. Hha 
Gedarwood, essential oil, 11. 
439c 

Gedra-Gedrat, 11. 439c 
Gedrat oil. III. 100(7 
Cedrela loonoy 11. 439(7 
Gedrene, Jl. 430r, 440r, 111a 
Gedrenol, IL. 4.30(7 
Gedriret, II. 440(7 
Gedrol, 11. 43!>c, 441 (^ 
dehvdralion, II. 410c 
pseudoCedrol, 11. 130(, lll(/ 
Cedrone, 11. 1 10c 
Cedrus aHaniiea, J. 533c 
Ceiba penlavdrn^ V. lOSc 
Geladonite, VI. I36a 
“ Ce/anese,” 1. 30c 
“ Celastoid," II. 480(( 

“ Celatene,'' 1. lift, 20.5c 
" Celcot:' IV. 23 1 (It 
Celery cablKige. II. 182ft 
— , celcnac, 11 . 441ft 
— , essential oil, IT. 4 lie, 412a 

— seeds, IT. 441(7 
Gelestine or celestite, II. 442ft 
Celite, II. 141ft, 228ft 

“ Cellastine,” II. 48Ua 
Gelliaxnine (celliamin), IT 
442c; VI. 200ft 
“ Celliton dyes,” J. 4 la 
Celliton Rubine II, I. 41b 
Gellobiase, II. 442c 


Cellohexose, 11. 302a, 112(7 
" Cellomold:* 11. 4H0a 
"Cc77Qp/ianc.” 11. 442(7, 452ft. c 
" Cellosolve,'' 11. 443a; IV. 
378c 

Cellotetrose, 11. 299a, 302a. 
442(7 

Cellotriose, II. 209o, 11. 302a, 
412(7 

Cellotropin, 11. 443ft 
Gellulase, II. 443ft 
Celluloid, 11. 443ft 

, camphor in, Jl. 240c, 26()a 
[da si ICS, II. 446a 
prodiictinri, 11. 461ft 
Cellulose (ncc also Cellulose 
tibres), II. 282a. 456(7 
— acetate, (diain length, 11. 
301(7 

in photographic films, II. 

1 17a 

jirodiiction. 11. 447ft, 

101(7 ; V. 121(7 
-- rayon dyes (see also Ace- 
tate silk dyi^s ; Dyeing; 
Azo-dyes), 1. 205r 
- spinning, V. 1236 
“ ripening,” V. 123a 
acetates, acetono-soluhle, 11. 

10 4(7 ; V. I22ft 

, cldorulorm-Holuble, 11. 

40 4(7 

, 1) lea riling, II. 3c 
, bran, 11. 50a 
cotUm, pi'u])ertieH, II. 4ft 
cuprammoniiim, II. 463ft ; 
111. 35i7a; V. 1 1.3(7., 1 16a 

- dispersions, Jl. 150(7 

, (*si>arlo, xylaii in, II. 303r 
(‘st.ers III photographic lilm, 
II. 117a, 148(1 

ester solulioHH, 11.467(7; III. 
305ft 

(‘Hiers in xdmtograpliic'. tllms, 
iJ. 1 18a 

- tibres (xcr also Fibres, arti- 

eiiil, or rayon ; Fibr(»M, 
cot bill ; Fibres, vegetable), 
11.165ft 

— in dyeing, sec Dyeing ; 
Azo-dyes. 

- finishes, butanol in, II. 160c 
— , f(7rmula, 11. 301c, 457c 

-, hydration, 11. 450c 
hydrolysis, II. 443ft 
in feeding stuffs, IV. 503a 

- lacquers, 11. 467(7 ; 111. 3056 
— nitrate, see also Frdluloid ; 

Celluloid jilasticH ; (VIU:* 
lose ; Cellulose lacqueiv ; 
Explosives; Fiiires, arti- 
ilcial, or rayon. 

’ for lilms, 11, 447a 
nitrates, IV. 501c 
nitrate silk, V. 114d 

- , nitration, Jl. 443c 

— , nitro-, see Cellulose nitrate. 

— nitroacctatc, fllma, II. 447d 

- plastics, II. 474ft 

— yiolymerisation, V, 129a 
-.regenerated, azo dyes for, 

IV. 234o 

— , viscosity of cuprammonium, 
11. 46»b 

— xanthate or xantbogenate, 

II. 442(7, 405ft ; V. U8a 
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Celtis occidmtaliSy IV. 278rf 
Geltium, 11. 4806 
Cement {see also Portlan<l ce- 
ment), 11. 1296, 133c 
— , aluminous, 11. 1406 
— , casein, II. 4146 
— , celluloid, II. 44 3t/ 

— , cold process slug, II. 14r>tt 
lime, natural, II. 133d 
Gementlte, 11. 280d, 480r 
Cement, mHgno^iurn oxy- 
chloride, II. 133c 
Cements, chalk in, II. 51 He 
Centaurea, II. 4B0c 
Centaury, II. 480c 
"Centralizes,'’ Kt.ahilihcT.s, II. 
480f;; IV. 521n 
, <l(*tri.. IV. 5336 
Centrifugal pot for r;i>oii, V. 
117a, I2(ld 

Gephaeline, II. 480d : IV. 2.sia 
Gephalanthin, II. 481rf 
Gephalin, m’ Kophaliii. 
Cepharanthine, II. 481a 
Geradia, II. 4816 
Cera fica, V. 17 1 a 
" Ceralumin," 1. 25.3a 
Ceramium ruhrum, I. 2006 
Gerarg^ite, II. 4816 
Gerasm, II, 481d 
Geratonia gum, C. sUiqua, 

I. 2016, «58d ; VI. 15(k‘ 
Gerberetin, II. 4 Hid 
Gerberin, 11. 387r, 481d 
Cereals, 11. 481d 
Cerebron, II. 500c ; V'l. ‘J.3c 
Gerebrose, 11. 506c 
Gerebrosides, II. 506c 
Gererite, II. 512a 
Geresin, IJ. 204c, 506d 
Gerfluorite, 11. 506d 
Geria, II. 510a 

Ceric carbide, II. 509rf 

— chloride, orgranic coiiipouuds, 

II. 5106 

-hydroxide, II. 5106 

— nitrate, 11. 51 Od 

- oxide, 11. 510tt 

— — , CHtaly.st fur oxidation of 

carbon monoxide, It. 317a, 
351 d 

— selcnate, II. 51 Or 

— sulphate in analysis, 11. 5106, 

047d ; VI. life 
Gerin, 11. 507a 
Gerine, II. 512a 
Gerinstein, II. 5126 
Cerite, 11. 507a, 5116, 5126 
Cerium (scr olao utKirr (krjc, 
( 'eroufi), II. 507a 

- azide, II. 5096 

— , detn.,potpnlioinelric,l. 7076 
, volumetric, II. 6556 
hydride, 1 1. 50Sr 

— in photography, II. 511a 

— metals and e.-irths, 11. 5116 

— nitride, 11. 50S>6 

— peroxide, 11, 5l0d 
phosphate, mineral, 1 IT. I2()a 

— , qualitfitive react ions, 11. 

5556, 5026, 508c 
— , separation from rare cartjis, 
II. 507d, 56Sd 

— silicate, II. 507a 

— silicide, II. .507c 
Gerosig, II. 5166 
GerosiUne, II. 5166 
Gerotene, II. 5166 • 

Gerotic acid, JI, 516r 
m arachis oil, I. 456a 


Gerotic a cid in beeswax, II. 507a 

- bruHsels sprouts, II. 

ll»c 

in rice, II. 4946 

Gerotin, II. 516c 
Gerous acetylacetonatc, JI. 
5()0d 

— bromate, IJ. 508d 

— carbonate, II. 509c 

- chloride, II. 508d 

— cobalticyanidc, II. 509c 

— dimethylphosphate, II. 509d 

— fluoride, IT. 508d 

— - hallde.s, 11. 508d 

- hydroxide, II. .500a 

— indate, II. 50Sd 
nitrate, TI. 5096 
ox.'ilate, 1 1. 50!)c 

- phonoxnle, IJ. 509c 
sulpliate, II. 5096 

■ " sulphide, IJ. .509a 

— tungstal-e, II. .509c 
Cerulignol. I. 6616 
Gerussite, II. 516d 
Cervantite, I. 4 lOa 

Ceryl alcohol, 11. 119c, 39()c, 
516r 

cerotate, IJ. 516c 
" CcZiacoI," IJ. 516d 
C4tine, II. 516d 
Cetoleic aeid, 111. 24 76 

" Cetosaloir H. 516d 

Cetyl ale.ohol, 71. 517a 

- d-glucoside, V'l. S6c 
Cetylmalonic acid, II. 517a 
Cetyl palriiitatc, II. 5I6d 
Gevadilline, 11. 517a 
Gevadine, II. 517a 
Ceylon oil, 111. 239c 
Geyssatite, HI. 579d 

C hmetion of combustion, V. 
2I6r 

Chabazite, 1. 1 50d 
Chailletia toxtearia^ II. 517a 
Chain reactions, IT. 5.33c ; IV. 

83a, 41Sa; AM. 200d 
Ghairamidine, II . 517 a ; 111. 
128a, 151d 

Chairamine, II. 517a; HI. 
128a, 151d 

Chalcanthite, IJ. 517a-, III. 

341 c, 3576 

Chalcedonite, JI. 5176 
Chalcedony, H. 25a, 517a 
Ghalcocite, H. 517c ; 1 11. :i 11 c, 

355a 

Cbalcopyrite, II. 32d, 517c ; 
HI. 341c 

ChEdcosine (srr a/so Ph.alco- 
cite), TI. 517r 
Cbalcostibite, H. 518a 
Ghalcotrichite, II. 518a ; Hi. 

459a 

Chalk, H. 220a, 518a 
-- fertiliser, V. 71a 

— , French, II. 518c 
Ghalkone group, H. 518c 
Gbalmersite, HI. 455a 
Ghalybite, 11. 519c 
Cbamazulene, I. 119d, 381a; 

11. 520a 

Chamber process sulphuric 
acid, JI. 4236 

Chamoising prooe.ss, HI. 5516 
Chamomile, essential nil, I. 
119d, 381a ; II. 520a 

— flowers, TI. 520a 
Gbamomillol, 11. .5206 
Ghamosite, II, 5206 
Chamotte, II. 5206 


Ghampacol, VI. 142c 
Channa, II. 520c 
Gh’an su, H, 3886 
Chapman's formula for ex- 
plosion wave velocity, IV. 
438c 

Charcoal, II. 309a, 310c, 311c 
— , activation, 11. 333c 
— , active, II. 315c 

— - , from bran, II. 62d 

, adsorption of carbon disul- 
phide on, 11. 3406 

— , animal, II. 311c 

— , catalysis by, 11. 428d 

— for gunpowder, IV, 455d 
in respirators. H. 106 

, Meilcr, H. 31 Od 
— , peat, V. 36()a 

— , retentivit > , 1 1. 31 Ha 
, Urhain. H. 3l7n 

— , wood, 11. 319c ; A'. 359d 
Chard, II. 520c 
Chardonnet ]>i-ocifss, H. 17 Id; 

V. 11.3a 1 

Charles's law, A IMl2a 
Chartreuse, II. 5^c 
Chasing. V. IKHr- \ 
Chasmantherin, ll. 2356 
Chatterton's romiVunid, VI. 

1 596 \ 

Chaulmoogra (f 'IwVuImugra), 

011 groutu H. 5216 
Chaulnioogric acid, 11. 5216, 

523c 

Chavibetol, T. ()S7r 
Chavicin. H. 523e 
Chay-aver, .see ('hay looi . 
Chayote, 11. 524d 
Chay root. 1 1 . 523c 
Chebulinic acid, VI. 86d 
Cheddaring of cheese,, H. 527a 

— of rennet, II. 413a , 
Cheddites, IT. 525a ; IV. 1656 
Cheesa sticks, H. 525d 
Cheese, H. 525d 

“ Cheese, ’’ cider pomace, HI. 

12 Id 

Cheese ripening, H. 526d ; V. 
59d 

Cheiranthin, H. 387d, 527d 
Cheiranthus rheiri, 1. 4996 ; 

H. 527c 

Cheirinine, II. 527d 
Cheirolin, 11. .527r 
Chekiang, \'. 339a 
Chelate groups, HI. 328c 
Chelerythrine, 11. .52 8d 
Ghelidonine, TI. 527d, .5286 
Chelidonium majus, alkaloids, 
J I. 527d 

-- ‘ -, berberine from, I. 6206 
Chellak, IT. .52[ld 
Ghellol, H. 529d 

— -glucoside, H. 529d ; AM. 86d 
.Chemawinite, I. 302c 
Chemical allinit y, TI. 530a 

“ Chemical thermometer,” A". 
211c 

Chemical M-arfnre, 111. 76 

defence, HI. 18a 

Ghemick in cotton bleaching, 
II. 3d 

Chemicking, II. 6a 

— plant, II. 8a 

Ghemiluminescence, III. 22d 
Chemisorption in ammonia 
synthesis, VI. 207d 

— in catalysis, II. 422d ; VI. 

3786, 380c 

— on charcoal, VI. 2146 



Chenodeoxycholic acid, l 
m)b 

Chenopodiam ambrosioidcs. I. 
501a ; III. 24c 

Ghenopodiuzn, essential oil 
111. 24c 

Gheriixioya, III. 24c^ 

Cherry, 111. 25a 

— kernel oil, IIJ. 25r 

— - J^aiirel, esisenlial oil. III 

26a 

— - — leaves, 11 J, 26a 

" Cherry i»ie,” VJ. 10 Wj 
C hert, 111. 26a 

Ghessylite, 1. TifSild ; 11. 25^ ; 

III. 26r 

Chesting^, V. I.ssr 
Gheetnut, III. 26r^ 
exiracl. III. 27 h 
Chevreul's sail, .'mmI .soIuIkhi, 

IV. 

Chian 1 ur[>eii( me, 111. 2%h 
Ghia seed ml, 1\'. SO/j 
Ghiastolite, 1. ‘MOh 
Chicago acid, IV. 217a 
Chick pea, 111. 29h 
Chicle, I. 120a ; HI. 30/^ 
Chicory, 111. 306. 2.‘)0a 
Chile saltpetre, 11. 2016 ; 111. 
31e 

“ Chili ” ior gla.s.sniakinj;, 

V. .500e 

Chillies, II. 2736 
‘"Chilling” o£ eollodion, 11. 
40H(/ 

China elay, HI, 10.7d 
- in idasties, 11. 1706 

— - gra-ss, HI. 316 
Ghinaphenin, HI. 33a 
China-stone, HI. 326 

, mild pur[de, 111. 32r 

— wood od, 1. 10.S6 ; 111. 33a ; 

IV. 82r 

, li vdrogeaial ion, VI. 
I 8.76 

, prepri. for varnislies, 

IV. 806 

“ Chineonal” 111. 33a 
Chinese caldiage, 11. 1826 
vege(a,l)le (allow, HI. 33a 
” Chiniofon," HI. 33d 
” Chinoform” HI. 33d 
” Chi nosol HI. 33d 
” Chinotropin” 111. 33d 
Chinovin, sugars, H. 287e 
Chinovose, H. 287e; IV. ;;2lrf 
Chinquapins, III. 2(id 
Chiolite, J. 2(He, 2806; HI. 
33d 

Chios IwriienLine resin, 111. 34a 
Chirata, H.r., (’luratin, 111. 34a 
Ghiretta, HI. 34a 
Chitenine, HI. 34a. 

Chitin, 111. 34a ; IV. 31 16 ; VI 
21c 

Chitinase, HI. 346 ; IV. 31 16 
Ghitobiose. HI. 316 
Ghitodextrin, 111. .316 
Chitosamine. HI. 34e 
Chitotriose, HI. 316 
Chives, 111. 34e 
Ghloanthite, 1. 100a ; Hl.34d, 
2146 

Chloral. HI. 34d 
Ghloralamide, HI. 35e, 36a 
Chloral hydrate, I. 1056 
Ghloralose, HI. 35r 
Chloramin, chloiamine-T, I. 

140a; 111.36a 
Chloral, Hi. 366 


INDEX 

Ghlorargyrite, II. 481c 
Chlorates, 111. 606 

deln., gravimetric, H. OOOd 
, qualitative react inns, H. 
ri76d 

Ghlorazene, 111. 366 
” Chlorbutol,** I. 70e, 37 Ir : 111. 
36e 

Chlorene, I. 86a ; 111. 366 
“ Chloretone" I. 70e, 371r ; 111. 
36e 

Chlorhydric c-tlier, IV. 3586 
Chloride, hronude and iodide, 
qualitative siqiaratiou (see 
also llal(»geiis), H. .7().7a 
ol lmi(‘ (.sYr a/,so Hleaelimg 
pow’iler ; iMsinXeetnids), 
111. 60a 

Chlorides, qiialdativi' iy*- 
.'letiOMs, 11. .7706 
Chlorination. I)eaiY»ii‘s re- 
ar! ion in. II. 3.7 Jr 
Chlorin-e, HI. 826 
Chlorine {.srr atsa ll;i]ides ; 
H.dogens), HI. 36r 
as tr.'irr elrnieiit. 1. .7orid 
, hroniiiK' and iodine, sepn. 

and d(‘(n., 1 1. OO.Sa, 0.70(‘ 
jdeterlion ol gas<*ons, 11. 
.7706, 0S3a 

del 11 ., gr.iviniet ne, 11. OOOd 
, 111 liyilrogeiialion anah MS, 

VI. 3026 

, — of gaseous, 11. 083a 
, — , \ oluiiiel nr, 1 1. (i.77r 
etlioxide. IV. 303d 
in (lour, il 81a 
wai lare, HI. !)a 
,r(‘a<(ion with rarhoii disnl- 
]dude, H. .3;73a 

^ monoxide, JI. 3.70d 

Chlorisol, HI. 776 
Chlorite and hypoelilorde, 
de(-n., volumetric, 11. OOOd 
— , Tiimeral, IH. :77I6 
Chlorites, qu.ilil alive le- 

aciions, H. .770r 
Ghloroazide, 1. .7816 
‘‘ Chlorocalcite, ’ I. i78.7d 
Ghlorocruorin, 111. 776; XL 
I (iSr 

in worms, 11. 20a 
Chloroform, 111. 776 

— , an.'est lie! !(', 1. 367c 
Chloroformaldoxime, V. 3836 
Chloroform, rlienn luninu'sr en I 

reaction with hvdrogen, 
HI. 2.36 

Chlorogenic arid, H. lOOd, 
1086, HI. 79r, 2,7ld 
Chlorogenine, 1. 20.3c 
Chlorophycex, jiiginents, 1. 2ood 
Chlorophyll, HI. 80a 
Ghlorophyllase, 111. 81c, 85a ; 
\\. .3‘»86 

Chlorophyll ih riNs. in mineral 
nils, VT. H».7a 
Chlorophyllides, HI. Sir 
tsoChlorophyllin-a, HI. 826 
Chlorophyll, jMolisrh test, HI. 
84 d 

— , relation to hlood [ngments, 
H. 20r 

Chloropicrin, HI. 11a, 856 

— fumigation, V. 3076 

111 warfare, HI. 86, 10c, 136 
Chloroprene, histoiw', 1. 746, 
87c 

— production, I. 80a ; H. 15od 

— polymer, 11. 153d ; IV. 03c 
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Ghloroquinol, 111, 86a 
Ghlororubine in rhay root, 

II. 523d 

Chlorosis of rice, 11. .702a 
Chlorosulphonic arid in war- 
fare, 111. 11a 
• — > prepii., 11. 356a 
” Chloroxyl” 111. 85a 
Chloroxylonine, 111. 85a 
” Chlorylen” ill. 86a 
“ Ghochitzapotl,” 11. 4l7d 
Chocolate, HI. Ma 

- fats. 111. 886 
Chocolite, V. 430a 
Choke-damp (after-damp), 11. 

32:id, 31 1c 
Cholam, 11. 1 82c 
Cholanic arid, IIJ. 006 

, lelrali>droxy-, I. 600a 
af/oCholanic arid, H. 3S.3a 
Cholanthrene, rarriimgenie 
.■irl i\ it> , II. 380a 
Cholelyse. IH. 88d 
Cholestandione, 111. OOc 
pseudoCholestane, HI. 01c 
Cholestanedione, IH. 80d, 
OOc 

Cholestanol, Ml. 806 
Cholestanonediol, HI. SOd 
Cholestanonol, 1 11. 80d, OOc 
Cholestantriol, HI. SOd 
Cholestene, 111. 016 
Cholestenone, 111. SOd. 00a 
Cholesterilene .sulplitniic acid, 
H. 203a 

Cholesterol, I. 600a ; H, 20ld ; 
in. 88d 

delicit in iiellagra. H. 1886 

- di'iiNS., alleied nomencla- 

lure. HI. 01c 
111 raw I h 1 i2c 

— , ring structure, H. 006 

, structure of side chain, HI. 
00a 

a/foCholesterol, HI. 01c 
(.soCholesterol, HI. 02c 
m raw wauil, II. 12c 
Cholesterophan, 111. 92d 
Cholic arid, 1. 6806 

, deh> drogenatioii, IH. OOd 

in cancers, 11. 380a 

Choline, aeetyl-, 111, 03c 
, , bromide, 1. 736 

, , I'hloride, T. 736 

, - , liydrolysiH, 11. 2tM)6 
, - , in ergot, IV. 33 Id 
ami related sutistanees, HI. 
92d 

- -estera.so, HI. 03d, 946 

, inhilntion of, H. 2006 

- m cabbage, 11. 182d 

' - JJictaninvs albvs,Hl. (}02c 
Gholum, H. 182e 
Chondodendrine (chondro- 
dendriiie), HI. 94d 
Ghondodrine (chondrodrine), 

II I. 94d 

Chondrin, 111. 94c ; V. 500d ; 
VI. 2.7d 

Chondrodendron lomcniosum, 
HI. 4.70d 

Chondroitin, 111. 94d 
Chondrosamine, HI. 94d 
Chondrus crixpUH, J. 1006 ; 11. 
403c 

Chopin exterisirneter, II. 786 
Chopping nut, II. 108d 
” Ghorogt,” 1. 407a 
Ghromammonium com- 
pounds, HI. 1146 



540 

Ghromanone, S-hoinovc.rnti^i- 
7-methoxy-, II. l\d 
Ghromate, debn., eee Chromi uin , 
detn. 

Ghromates and dichmrnaies, 
III. 1106 

, qualitative reactions, 

II. 564c, 675c, 5806 ; IV. 
1786 

— , production, 111. 103a 
Chromatographic analysis, II. 
028a 

of carotenoids, II. 3086 ; 

III. 80ri 

dyeings, IV. 174c 

Chrome alum, III. lOOf/ 

— ammonit explosive, IV. 554d 
iron-ore, III. 94d 

— spinel, I. 264r 

— steel, III. 105r 
Chromic acid, III. lOlrf 
, detn. and reactions, «rc 

under Chromates ; f chro- 
mium. 

, electrolysis, III. 076 

, electrolytic regeneration 

frtim chromium salts, 1 1. 

2r,ed 

— anhydride, see Chromic acid. 

— hydroxide. 111. 1086 

— salts, see under Chromium. 
Chroming, definition, IV. 128c 
Chromite, 111. 94d, 006 
Chromium (see also under 

Chrome ; Chromic ; Ch ruin- 
ous ; Chroinyl), III. 96a 
— , active and passive, HI. OHc 

— alloys. III. 103d 

— -aluminium alloys, III. 103d 

— and aluminium, analytical 

separation, VI. 2006 

— as trace element, I. 505d 

— azide, 111. lOOd 

— borides, 11. 44c ; JIT. 1 106 

— - carbide, II. 281a ; 111. 104d 
caTbon alloys, III. 104d 

— carbonyls, II. ,3576 ; 111. 00r7 

— chlorate, 111. 101c 

— chloride and (Irignnrd re- 

agent, II. 357c ; 111, OOd 
its hydrates, III. 108r 

— chromate, III. I Old 

cobalt alloys. III. 104c, 217a 

— -copper alloys, III. l()4c 
— , detn., assay, I. 522d 

— , — by electrodeposition or 
electrolysis, II. 701a 
- , — , colorimetric, 11. 670d 
, — , gravimetric, II. 605a 
— , — in chrome steel, II. 655d 
— , — , pobontiometric, II. 70tla 
— , — , volumetric, II. (155c 
— ^ — , — , Mn present, 11. 062c 

— dioxide, 111. 101 d 

— , drop reaction, II. 5806 ; III. 
06c 

— , electrodeposition, IV. 2676 

— Ouoride, 111. 100c 
- hydride, III. OOd 

iron alloys. III. 1056 

— la.kes in dyeing, IV. 1416 

— -molybdenum alloy, III. 

104d 

— -nickel alloy, III. 1046 

— nitrate, III. 11 Oa 

— nitride, III. 109c 
— ^ oxalates, III. 1156 

— oxide, III. 1066 t 

— phosphate, III. 100a 
-platinum alloy, HI. 104o 
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Chromium, qualitative re- 
actions {see also C’hro- 
inates), 11. 552a, 5756 
— , , rare metals present, 

II. 554a, 556d 

— silicoOuoride, III. 109c 

— steel, see Chrome steel. 

— sulphate and its hydrates, 

III. 1006 

zinc alloy. III. 103d 

— - — oxide catalyst in metlmnol 

production, II. 350a, 42.5c 

— paralhii produc- 

tion, II. 3506 
Ghromoform, III. 115c 
Ghromogen, III. 308c 
Ghromone, HI. 115c 
Ghromophores, 111. 3086 
Chromosphere, VJ. 3006 
Ghromotrope, 111. 115d 
Chromotropic and, Til. 115d ; 
IV. 205d 

Chromous bromide, HI. 1006 

— chloride, HI. I07d 

— iodide, 111. 1006 

— oxide, HI. 1066 
Ghromyl chloride or chrornyl 

dichloride. III. 102r, lOOa 
Ghryaaniline, 1. 131 a, 133a 
Chrysantiiemin, HI. 115d ; 
JV. 260a 

Ghryaarobin, III. 1166 

— , triacetyl-, IV. 402a 
Chrysatropic acid, ITT. 117d 
dhrysazm, 1. 21 2d, 2226 

— , diamino-, I. 2o5c 

— -2: 7-diHul phonic acid and Na 

salt, 1. 3006, 302d 

— , Jiydroxy-, I. 212d, 225d 
Chrysazms, diliydroxy-, T. 

227a 

Chr y sazin , 2 : 1 : 5 ; 7 - te Iran i t ro - , 
1. 22K6 

— - -2:4:5:7-tetra.sulidu)nic acid, 

1.3006 

Chrysene, HI. 118a 
Ghrysin, III. 118d ; VI. 076 
Ghrysoberyl, J. 26 tr, 6.sr)a ; 

HI. 119a; VI. 13r 
Ghrysocolla, 111. 1196, 341c, 
35.5f/ 

Chrysoeriol, JV. 33.3f/, 3316 
Ghrysogen, I. 384 d, 385a ; HI. 

119c 

Ghrysogenin, V. .54d 
Chrysolite, 111. 119d 
Chrysonaphthazine, I. 568a 
Ghrysophanic acid, I. 433a-, 
HI. 116r 

in Caacara sagrada, H. 

410d 

Ghrysophanol, HI. 116c 
Chrysoprase, IT. 517c 
Ghrysoquinone, IH. 118d 
Ghrysoule, 1. 400d 
Ghrysotoluazine, 1. 56 Sa 
Chula, HI. 119d 
Churchite, III. 120a 
“ Ghuri butter,” I. 654a 
Ghymase, 111. 120a 
Chyme, 1. 6906 
Chymotrypsin, HI. 120a ; IV. 
Slid 

Giba electrolytic cell, II. 546, 
67c 

" Cibacet ” dyes, I. 42a 
" Ci6anone ” dyes, HI. 1206 
Cichorigenin, III. 1206 
Gichorihi, III. 1206 
Gichorin, III. 413a 


Cichorium endiva, IV. 308tt 

— inlybus, HI. 306 
Gicutoacin, III. 1^6 
Cider, III. 120c 

— , blackening, HI. 1276 

— sickness, HI. 127a 
G.I.E., colorimetric standards, 

IH. 299c, 301a 

“ Cignolin,’* 1. 433a ; HI. H7f , 

120r, 127d . 

Cimicifuga racemosa^ I. 137a 
” Cincatnc.” III. 127d 
Cinchamidine, HI. 128a, 152o, 
1626 

Cinchene, III. 1386, 158c 
Gincholoipon, III. 1406, 164r 
homoGincholoipon, synthosis, 
IH. 144c 

ester, N-benzoyl-, IH. 146a 
Gincholoiponic acid, III. 138a, 
1406, 141c, 1.5nd 
Cinchomeronic acid. 111. 127d 
Cinchona alkaloidjs. 111. 127d 
, extraction hnd estima- 
tion, HI. 130ai 1316 

— , structural formulee, 111, 

137c \ 

- , tolaqiiina Hctn., B.P. 
method. IH. 13^6 
— , — - , Committee method , 
HI. 1 33a \ 

— bark, analyses and 'methods, 

111. 120a, 1316 

— — , history, HI. 127d 
, variety, II. 2346 

” Cinchona febrifuge,” HI. 
169a 

Cinchonamine, HI. 128a, I52a 
Cinchona, Senegal, II. 1086 
Cinchonhydrine, a- and 
111. 157c 

Ginchonicine, see • Cincho- 
toxine. 

a ' - Ginchonicine, HI. 

156c 

Cinchonidine, acetyl-, 111. 
15.36 

Cinchonidine and quinine tar- 
trales, jiolarimetry, III. 
13.3c 

— , derivs. and salts, III. 1526 
— , reliction with mineral acid.s, 
111. 1.50a 

— , separation from quinine, 
HI. 1316 

or y-Cinchonidine, III. 153c 
ap oGinchonidine, 111. 153c 
isoCinchonidine, HI. 153c 
Ginchonigine, 111. 156d 
Ginchonifene, III. 1566 
Ginchoninal, 111. 140a, 15Sd 
Cinchonine, HI. 128a, 1546 
— , acetyl-, HI. 155d 
, benzoyl-, HI. 155d 
^ reaction witli mineral acids, 
HI. 150a 

— , structural formula, IH. 142a 
a//oCinchonine, HI. 157a 
(X-i5oGinchonine, IH. 1.566 
jS-isoCinchonine, HI. 1.56c 
8-Cinchonine, 111. 157c 
pseudoCinchoiune, III. 157a 
Cinchoninic acid, HI. 188a, 
141c, 159a 

Ginchonino,” III. 127d, 1726 
Ginchoninone, HI. 1386, 158a, 
1626 

Cinebophen (see also ” Aio^ 
vhan'*), I. 6^c ; III. 
856, 178d 



Ginchotenidine, III. 139^, 
154b 

— from cinchonidine, ITT. 
CSinchotenine, 111. 139d, l.^Ua 
Cinchoticine, TIT. 103(; 
Cinchotine, III. 102(f 
Glnchotmetoxme, III. I(i3(‘ 
Ginchotoxine, JIJ. l2Sa, I42e/, 

157d 

a-Ginenic acid» II1> lT9r 
Gineole from cajiiputol, II. 
198c 

Gineole in cardamoms, 1 1 . 3S 1 a 

essential oils, H. 249b, 

269c ; 111. 179b, lUHd 

— from Eucalyptus spp., 11. 

25b ; TV. 3906 
l:4-Gineole, III. 179a 
l:8-Gineole, III. 1796 
Gineolic arid. 111. 1796 
Cinnabar, 111. 179d 
— , AustriHTi, 1. 550a 
GinnameLldeliyde, 111. 180a 

— ill cassia oil, 1 1. 418d 

cinnamon, III. 1836 

Ginnamein, I. (ilOr 
Cinnamic acid, I. 19(ia ; 111. 

180c 

, detection in butter, 11. 

Ui7d 


, food, V. 3016 

— — , drtn., 111. 18la 

, 3:4-dihydroxy-, IT. 196d 

- in condensation re- 
actions, ITT. 181c 
, o-nitro-, 111. 18 Id 

, polymensalioii, plioj.o- 

eltect, 111. 1816 

, prepn., II. 3(i1<y 

a/foCinnamic acid. III. 1816 
Cinnamic acids, ci.s-, and 
irans-, 111. 1816 

— alcohol. 111. 181d 
Cinnamomum camphoru, II. 

240d ; IV. 16 

— cassia, I. lid 

— .vpp., cugonol from, IV. 394c 

— -methyl 1 * 11101 * from, 

IV. 394d 

Cinnamon, 111. 182a 

— bark, essential oil, III. 183a 
— , cinnainaldehyde in, 111. ISOa 

— leaf, essential oil, 111. 1836 

— -stone, III. 183c 
Ginnamyl alcohol, ITT. 180c, 

181d 

— esters. III. ISld 
Cinobuiagin, II. 38Ha 
Glnobufotoxin, TI. 3886 
Cinoffenic acid, ITT. 1796 
“ Cisalfar V. U3d 

** Citobaryum” 111. lS3r 
Citraconic anhydride. 111. 
185d 

Citral in citron oil, III. 191 a 
— , reduction, IT. 420d 
Gitrals, 111. 183c 
ci/cfoCitrals, III. 1846 
Citraptene in citron oil, ill. 
191a 

Citrates, qualitative reactioius, 
11. 5706 

Citraurin, II. 4016 ; III. 184d 
Citric acid. III. 185tt 

— — ^ qualitative reactions, II. 

6706 


Gitrinin, V. 54d 
Citromycetln, V. 53d 

Citron, HI. 190c 
— (cedratj oil, HI. 190d 


INDEX 

Gltronella, essential oil, III. 

191a 

Gitronellal, HI. 1846, 191c 
hydrtjxy-, VI. 401d 
Gitronellic acid in citronella 
oil, III. 1916 

Gitronellol, 111. 1816. 1926 
ill camphor oil, II. 2496 
production, II. I26d 
Gitronellyl esteir.. ill. 1936 
Gitronin, VI. HOd 
Gitrulline, 1. 3186 ; 111. 1936 
Citrullus colorytithis. 111. 294a 
Citrus, VI. 90a 

— nurantmm, 1. 6S3 ; 111. 184d 

— drcuniatia, VJ. 926, 129a 
Citrus juice, HI. 18«d 
Civet, 11. 174d ; HI. 193c 
Civetone, 111. 1916 
Claisen condensation with 

lioron tritliioride catalyst, 
VI. 2.59d 

— read ion, 1 1 . ‘Mi5d 
Clarain, V. 3.51a 
Claret, Caledon, IL 1. 1276 
Glaricepsin, 1\'. 33 1 c/ 

Glarifoil, 111. 1946 
Glarit, 111. 1946 

Glaude .synlhehc amme-nia pro- 
c«‘s.s, 1. 337c 

Glaudetite, T. 4lt9a, 4706 
Glaus and Volz, «-iu*id of, 1. 
658r‘ 

Glausnizer and W'ollney ex- 
tractor, IV. 58 Id 
Glausthalite, 111. 1946^ 
C^auiccp^ purpurea, JV. 320d 
Glavicepsin, 111. 1946; * IV. 
331 d 

Glay, 111. 1946 

— ,bjue, iliaiiiond-beariiig, II. 

3096 

— , Uieinica) analysis. III. 2006 

-grog bricks, II. 300d 
- -iron-stone, IT. r>19d 
Glayite, III. 190a ; 2046 
Glay produels iii building, TI. 
123c 

slale, VI. r20c 

Gleansing in brewing, II. 100c 
Glematine, I. 577a 
Gleveite, 11. 100a ; HI. 204c 
Gleveland slag, II. 145a 
Gleve’s acids, 111. 204c 
Gliftonite, H. 3 1 ha ; 111. 57 4r 
Glimbing lUm evaporator, IV. 
4106 

Glouds, particle size.s in, IV. 95a 
Glove, ill. 204c 
Glovene, clovenic acid, II. 410c 
isoClovene, II. 410c 
Glove oil, IV. 304c 

^ car yopliy Hone in, II. 

408d 

Glover, III. 205c 

— , crimson, glycoside in, VI. 
906 

— fl(jwcrs, III. 206a 

— meal, IV. 5906 

Gloves, e.s.sentiRl oil, HI. 2076 
Clupanodonic acid, IV. 856 

, reduction, VI. 225a 

Glupeine, 1. 459c ; HI. 207c 
Gnicin, II. 480c 
Goacervation, HI. 201a 
Goagels, HI. 291a 
Coagulation of blood, II. 22c 

hydrophilic sols, HI. 2866 

hydrophobic sols, III. 

2856 
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Goal, Admiralty steam, V. 3436 

— analysis, rapid methods, I. 

531c 

- - ash, V. 350a 

-, composition, V. 449c 

“ , benzene extraction, V. 354a 
, blind, 11. 19a 
, bright, V. 3.50d 
briquettes, V. 3006 
, caking index, V. 3476, f.-n. 

, camiel, V. 3476, 437c 
carbonisation (see also (’’ar- 
boLUsation ; Goal, destruc- 
tive distillation of ; ('oke 
manufacture ; Fuel ; Oas, 
coal ; Uas, water), V. 351c 

- , chemical changes in, 

4196 

, conlliiijous, in vertical 
rehirts, V. 4 4 3d 
, high temperature equili- 
bria, V. 1.51d 

, high temperature pro- 
ducts, V. 4.526 

- in coke ovens, HI. 200d ; 

V. 440c 

inclined retorts, V. 

H3a 

, intermittent, in vertical 
retorts, V. 4436 
, protlucer gas heating in, 
V. 439d 

, primary decomposition 
in, V. 449c 

retorts, horizontal, V. 
439a 

, seeoiidary decomposition 
in, V. 451a 

' to active charcoal, H. 
310a 

— , chemical composition, V. 
335c, dl06 

classillcation, V. 340c 
, composition and constitu- 
tion, V. 3496, 360a 
, critical temperature, V, 352c 
, decomposition point, V. 362c 

- jiroducts, nitrogen in, V . 
353a 

- — , Hulpliur in, V. 3536 
, destructive distillation of 

(see. also Coal carbonisa- 
tion ; (Joke manufacture ; 
Fuel ; Oas, coal), II. 344c2 
, dull, V. 350d 

- -dust explosions, IV. 1086 

- , etheient combustion, V. 
359a 

, extraction with solvents, V. 
353c 

, extrinsic mineral matter in, 
V. 349d 

-Helds, British, V. 3446 • 

of Germany and Poland, 

V. 347c 

. __ of U.S.A., V. 347d 

- flotation, V. 268o 
formation, V. 333c, 3356 

-- gas, see Oas, coal. 

— , gasification, V, 351c, 307c, 
472d 

— , geographical distribution, V. 
333d, 3446 

", hydrogenation, II. 426d ; 

VI. ^c, 371c 

, Bergius plant for liquid 

phase, VI. 305d 

cati'lysta, VI. 368a 

, vapour phase treatment 

of middle oil, VI. 366d 
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Goal, intrinsic mineral matter 
in, V. 340d 

" Coalite ” process, V. 365c 
, oils from, III. 423(/ ; V. 

mu 

Goal, liquid fuels from, V^ 378a 
“ mineral charcoal ” in. V. 
350d 

“ Goed, mother of,” V. mOd 
Goal, nitrogen content, I. 33ila : 
V. 350c 

~ occliided gas in, V. iMOc 
occurrenre, 333 

— - -oil mixtures as fuel, V. 301a 
— i “ oil point,” V. 35 Id 

— , parrot or cannel, V'^. 3476, 
437c 

— , pulverised, V. 301a 
— , - , in Diesel engines, V. 
3036 

Goals, Hiitlmicitic, V. 310a 
— , bituminous jind seiiii- 
bituminouH, V. 340a 
— , brewn, V. 33Hr 
— , classillcations, V. 340c, 437c 
Goal, spontaneous ignition, V. 
357d 

Goals, steam, V. 437c 

Hub-bituniinous, V. 33Sc 
Goal storage and self-ignition, 
V. 357d 

— Kubstaucc, degradation, V. 

355c 

, tliermal decomposition, 

V. 351c 

Coal tiir, 11 J. 207c, 2026, 2046 

, analysis, 111. 211a 

benzole for motor spirit, 

111. 2l2c 

, inhibiting gum for- 
mation in, III. 212c, 207d 

, earemogenic action, II. 

3786 

, eonslitucnts, 1 11. 207c, 

208a 

— — , Diliamore tower, V^. 44 7 

- ■ - distillation, III. 200a 

-- —fractions, anthracene oil, 

III. 2116 

„ — — ^ benzoic, IJI. 2116 

- , carbolic oil, 111. 2116 

-, creosote oil, 111. 21 1 d 

— ^ llj, 2116 

— ^ middle oil, 111. 2116 

— , naphthalene, J 11. 2 12d 

, phenols, 111. 212d 

, pitch, III. 212d 

resinoids, III. 21 2d 

in road construction, 111. 

213a 

output li‘om low tem- 
perature carbonisation, V. 
0 365a 

in gas manufacture, 

V. 453a 

, pipe still. III. 210c, 

211a 

pitch, III. 2086, 2l2a 

, pot still, HI. 20Uc 

— tars, hydrogenation, I.C.I. 

plant, VI. 37ld 

— ulmins, V. 353a 

— , valuation, V. 357a 
Coating^ compositions, emul- 
sions for, IV. 3U2d 
Cobalt, III. 2146 

— alloys. III. 104c. 21Gc 

— Hluininate, II. 256- 
Gobaltammine salts, III. 

2216, 330a-3356 


INDEX 

Cobalt ammonium phosphate, 
HI. 2106 

— antimonides, III. 220d 

-- arsenate, hydrated, 111, 2146 

- arsenides, HI. 220c 

- as trace element , I. 50, 5d 

black earthy, HI. 2146 

— - bloom, 1. 469a ; HI. 2146, 

222c; JV. 335c 

- carbide, II. 28 1 c 

- carbonyls, 11. 357n ; 111. 

220d 

- catalyst in criKiking juo- 

cesses. 111. 217d 

— complexes with catechol, II. 

131a 

detn., assay, I. .523a 
— , ooiorimetrn;, II. 071a 

- — .electrodeposition method, 

II. 700d 

— , gravimetric, II. til 2a 
— , VDlumetne, II. 656a 

- driers, HI. 222a 

-, drop reaction, JJ. .5806 
elect rod epositi on, 111. 21 7d; 
IV. 260d 

- extraction. HI. 2 lie 216a 

- -glance. III. 2146, 222c 
-hydroxides, HI. 21.Sa 

Gobaltic oxide, HI. 2 1 8a 
Cobalt ill enamels, 111. 220c 
Cobaltite, 1. 160a; 111. 2146, 
222c 

Cobalt ” linoloate,” HI. 2226 
-matte, HI. 214d 

— iiitraD*, dry renction.s, H. 

548a 

- intridoK, HI. 220d 
Cobalto-cobaltic oxide ('ogOd, 

III. 218a 

Cobalt ores, 111. 214c 
Cobaltosic oxide, HI. 218a 
CobaltouB oxide, HI. 218a 
Cobalt oxide catalyst for oxi- 
dation of carbon monoxide. 

II. 317a 

— motor fuel jiroduc- 

lionlrom W'ater gas, II. 425d 

- - — — prodiicljon of ole- 
lins, II. 3.50d 

- ill ceramics, 111. 22()a 

- glus.siiiaking, JI. 558(‘, 
561c, 56.5a 

- pigments. 111. 218c 

propertie.s, III. 216a 

— i)>Tit.es, 11 1. 2146 

— quiilitative reactions, II. 

548c, 5.52d, 5.53a, 57Sa 
— , — rare metals iiresent, II. 

554a, r>56d 

- rosinate, prepn., HI. 222a 
— ■ salts, III. 2216 

— silic-ides. III. 220d 

- smelting. HI. 21 4 d 

— Hpeiss, 111. 214d, 219d 

— ■ sulpharsenide, III. 2146, 222c 

— sulphat es, 111. 22 Ic 

- sulphides. III. 220c 

— starina1,e, II. 25a 

— ” t ungate,” III. 222o 
Cobb’s proees.s, 1. 341a 
” Coblac,*' H. 480a 

Cocaine and alkaloids of Ery- 
throxylum species, I. 309a : 
311. m/. 224a 

— , y- and 8-isatropyl-, HI. 222d 

— borate, II, 50c 

— cinnamoyl-, III. 222d, 224c 

— - group, physiological action, 

III. 2266 


Gocainas, constitution, Hi, 
225a 

— , syntheses, HI. 2256 
Coca leaves, analyses, III. 223d 

, export, HI. 223a 

, extraction, HI. 2236 

Gocamine, taococamine, Hi. 
224c 

Go-carboxylase, V. 18c 
Gocceric acid and coccorinic 
acid, III. 2306 
Goccerin, HJ, 2306 
Gocceryl alcohol, IH. 2306 
a-Coccinic acid, Hi. 2286 
Goccinin, coccinone, HI. 22Sd 
Gocculin, 1. 370a 
Cocculus nidicns, C. upp., 1. 370n ; 

IH. 230c, 4606 ; IV. 62d 
Coccus cacli^ III. 226c 
Gochenillic acid. III. 2286 
Cochin China wax, iV. 4a 
Cockleana amorac/a, VI. 96a, 
28t)d I 

” Cochin oil,” 111. 1 2396 
Cochineal, III. 226c ; IV. 1266 
dyeing properties, 111. 23t)a 

- fat and w^ix, 1JI.\2306 

— indicator, II. 639® 

Cocinic acid, IH. 2wc 
Coclaurine, HI. 230^ 

Cocoa (cacao). Ill, 2B0d 

— albuminoids, HI. 2Hr)d 

— • alkaloids, II. 197a 

- Brown, HI. 236a 

— butter, II. 159c, 183d ; HT. 

2336 

— — , adulteration, analysis, 

HI. 231a 

— fermentation, HI. 231c, 232a 

— , mineral matter in, III. 

236c 

Gocoanut, »ee (kiconuli 
Cocoa plum, VI. 410c 

— - Hed, 111. 236a 

, roasted nih. 111. 233c 
-- .shell, Hi. 236c 
Cocoas, soluble, HT. 232d 
Cocoa starch, HI. 236a 

- tannin, Til. 236a 
Coconut, 111. 237a 

butter, H. 159c 

- oil as adulterant in cacao 

butter, 11. 187tt 

— — group, HI. 238a 

— - ill chocolate, HI. 88c 

pres.s cake, HI. 2406 

oils, analyses, HI. 216a 

— oil, wax from, IH. 240d 

— olein, III. 2126 

- jiarings oil, IH. 241 a 
” Coconut poonac,” HI. 2396 
Coconut stearin, HI. 242a 

as adulterant in cacao 

butter, II. 187a 

in candles, II. 2646 

rCocositol, HI. 2446 ; VI. 49.5d 
Cocos nucifera, C. ajop., HI. 

237a, 238c, 2446 
Codamine, HI. 2446 
Co-dehydrogenase, i and if, 
V. 1.5d, 16a 
Codeine, HI. 244c 
— , acetyl-, I. 12c 

— mefchylbromide, TV. 3926 
Godeinone, diliydroxy-, hydro- 
chloride, IV. 4006 

** Codeonal,” HI. 244c 
God-liver oil, HI. 244c 

— as feeding stuff, JV. 

507b 
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God-liver oil, emulHiflcaliojti, C 

II. 403r 

— oil, see Cod -liver oil. 

CoBlestine, 111. 250^* 

CcBlin-blau, TI. 25a 
Go-enzyme factor, V. .S4^ 
Go-enzymee, 111. 250r ; V^ 

156 ; VI. 756 C 

— - - - of aJcolinlic femieiila- ( 

lion, V. 1.56 ; VI. 7-1 a 

GoBruleiii, I. 

-- B andS, I. 22l)d < 

GoBruleum, II. 25a 
GcBrulignone, 11. 44()d 
Coffea arabica, C\ jKunnihda, 

III. 2516, c 
Goffee, 111. 2516 
— , adull^eratioii, III. 255c 
— , alkaloids, IT. 197a 

— bean oil fjnd wax. 111. 257c 

— - , decaffeiniseil, ITI. 257a 

— , detection of chicory in, 111. 

251 la 

' — substitutes, III. 2576 
Coffey still, J. 170d 
Cognac, II. 036 
" Cognac oil,” 11. 036 
Cogon KrasH, 11. 4l)7c 
‘‘ Cogwheel-ore,” 11. 53f/ 
Cohenite, II. 280r, iKOr 
Cohosh, lllack, 1. 137a 
Cohune nut, ill. 257d 

— --oil. 111. 21.3d 

Coir, III. 23})a. 258a ; V. 15<sd 
Coke mariufiiet.ure and the 
recovery ot by-products 
aho (Carbonisation : 
(\)al carbonisation ; Fuel ; 
(his, coal; (his, w'ater). 
111. 258c 

— oven ^:as utiltsalion, 1. 33.5a ; 

111. 20Kd 

— ovens a rid by-prod net re- 

covery, III. 25oc 

', seirii-, V. 30 Id, 307a 

v(jvtieal retort, dense, A. 

443f', 4 406 

Cola-catechin, 11. 4.3Sd 
Colamine, III. IHa 
Colburn and Ijilihcy-ONveus 
w’indow'-{=,dasH drawing n'i‘- 
chine, V. .51136 
Colchicelne, 111. 277c 
Colchicinic acid, III. 27S(r 
Colchicuni and colcliieini', 111. 
2766 

— , JAliacfCr ypp, eontaiiime, 
111. 270c 

— , physiol oj^i cal .action, IN- 

2786 

Colcothar (ncc alsn Capvi mor- 
fuum). III. 278c 

Colemanite, borax rnanurac- 
t lire from, 11. 40a, 40d, 106 
— , boron mineiJiT, 11. 30c, 3.56, 
48c; Til. 278c 

Collagen. II. 276 ; V. 5016 ; 
VJ. 216 

“ CoUargoV' 1 H. 278d, 28Sa 
Collectors (notation process), 
V. 203d, 207a 

Collidine from acetylene and 
aTnmonia, 1. 84c 
Collidines, III. 278d ; IV. 378a 
CoUin, 111. 278d 
“ Colliron,'* 111- 278d 
Collision number in a gas, vi. 

2276 

• the liquid phase, V 1. 

220d 


Collodion, II. 4406, 4086 C 

— , coating on pliotographie 
film, II. 450a 

— cotton {see also Nitroeelhi- C 

lose), 11. 407d ; IV. 5106 C 
— , flexible, II. 201a C 

-- Jaeiiuers, II. 408d C 

Collodiuixi. sec ('ollodion. 
Colloidal fuel. \ \ 304a C 

- particles, .size and .shaiie, I. 

100a; 111. 2Shd, 2S0a 
Colloid di.spei'sioii b> solubility 
reduct um. 111. 281a 

sulvenl cliaiigc. 111. 

28 1 a 

— di.s]»ei‘sious. III. 270d 

- equivalent, 11 1. 28 Id 
fornialioii bv chemical r( - 

action, 111. 2816 

siiiniltaiieoiis CDiiden- 
sat loll, 11 1. 2816 

- nulls. III. 2Snd ; IV. 20Sa 
-- slabilll^, 111. 2S1d 
Colloid.s, IIl. 278d 

— , ca'.eniate. II. lilt 

— , ('lertrir.'il properties. 111. 

2836 

gold niinibeis. 111. 2876 
Ji\(lroiiJiihc, 111. 270d. 2806, 
2111 d 

, antoprotecl ion. III. 2!>2f^ 

, eflia l on soliibilil > , cry- 

.stallisalittii and chemn al 
reaction, III. 202d 
, hydrophobic, 111. 270d, 

2816, 28.56 
]>ophihr, NT. 271)d 

- , lyophobic. 111. 270(/ 

-- , ni(‘chanical di.spcrsiun. 111. 
28(id ; I V. 25tKa 
, ohinotic pressure, TH. 288a 

- , peptisatioii. 111. 281a 
. jire]in,. 111. 280d 

. pnrilication bydial>sis, 111. 
281c 

Collophanite, 111. 294a 
“ Coltoresin/' II. 180a 
” Colloresin IfK” IV'. 178c 

Ill calico jinntmg, l^^ 

ISOd 

Golocynth (co/aci/zd/us), 111. 

294a 

Cologne earih. III. 456a 
Colophony, I. 2a ; 111. 2946 
. “ Coloran hi" Ml 295d 

Colorimeters ami colour coiu- 
, paratoi's. Iil.295d 

-, Autenrieth - Koiugsbevger, 
111. 3046 

— , Donaldson, III. 2086 
- . Duboseq, Ml. 30Hd 

, Kastman, MI. 3036 
, (liiild, Ml. 207d 
, Dovibond, III. 3026 
, - , Nutting, 111. 301c 

, Ostwald. TTI. 301c 
— Patterson, ITT. 303d 

’ , Prest, 111. 3(ac 

, Piiliricli or Stuplio, UJ. 

1 804 d 

- , IMchter, ill. 208d 
[1 — , Schreiner, TH. 303d 

- .Van dm Bergh-(Jrotepass, 

a ill. 304c 

Wright, III. 298d 
Colorimetric analysis, 11. 0606 
[ Colorimetry, photoelectric 

cells in, HI. 300c, 3ll5f! 

I — trichronuitic coellicients, 

111. 296d 


Colour and chemical constitu- 
tion, 111. 3066 
-quality. III. 296d 
Columbamine, II. 2356 
Golumbin, 11. 2356 
Columbite, JH. 309c 
Columbium (tiiubiuin), 111. 
309d 

Combustion, etTei't of water 
va]>oiii', V. 237rt 
— . pliuto - sejiKilisat ion, JV. 
1IH6 

, pre-IIame, 1\’. 1 1 76 
. slow, IV. 1 17c 
. , uf simpler hydrocarbons 

IV. 4 I Sc, 1196 
Gomenic acid, V. 48c 
Comfrey, HI. 313c 
Commehna communis, 1. 500c; 

III. .551c 

Commiphora spp. gum reftiii, I. 
058c 

Composition exjilodmg, IV. 

4 S5a 

“ Compound ” (lard), iV. 2536 
Compound cakes ami meals, 

IV. 5!)5d 

” Cornpral," 111. 313f 
Conarachin, 1. 451c 
Conchairamidine, 111. 128a, 
lOOa 

Conchairamine, HI. 128a, 
119)6 

Concrete, 11. 1 17a 
ConcuBConine, 111. I28a, lOOc 
Condensation, types of, 111. 
321a 

Condensers, 111. 313d 

- - for metal vapours, 111. 320u 

- , Jii.story, 111. 313d 

- . )el, large-scale, HI. 31 9r 

, laboratory, double surluce, 
Hi. 3l0d 

- . ly]u*s. Hi. 3l0a 

- . reduv, 1 II. 3186, 3216 

, HUibice, large-scale, HI. 
319a 

- , tlieoi-y, HI. 320r 
Condiurango, eondurangin, 

111. 321c 

Conduransterin, HI. 32 Id 
Conduritol, HI. 32 1 c 
Condurrite, IV. 5.5c 
Condy’s lluul, Ml. 321d 
Conessidine. ill. 322c, 3236 
Gonessimine, twocoiies.siinine, 
IM. 322a, 6, d, :i23a 
, Gonessine, 111. 321d 
apoConessme, IH. 321a 
Gonglutin, 111. 3246 
Conhydrine, III. 3246, d, 3256, 
pjgt/doConhydrine, IM. 32.5a, 
320a 

Coniceines. HT. 324d, 325c 
Coniferin, III. 3246 
Coniine, d- and 1-, 111. 32.5a 
Coniinum piirtmi. 111. 324d 
Conimine, HI. 322d, 3236 
r. Conium alkaloids, 111. 324c 
Conium macul^thnn, HI. 324c 
Gonkurchine, 111. 3236 
Gonnellite, III. 3266 
H - , relation to buttgenbachite, 
Tl. 168d 

Gonquinamiine, ITI. 128a, 100c 
16 Conquinine, 111. 1696 
ic Conrady method of weighing, 
I. 613c 

,H, Gonstantan, IH. 320e 
" Construdal,” I. 277a 
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(Contact angles, V. 264a ; VI. 
606d 

Continuous phase, III. 

“ Contramine” III. 326c 
Gonvallamarin, II. 387a ; III. 
326c 

Convallaria mujalis, glycosiilos 

II. 387a: III. 32Uc 
Gonvallarin, II. 3K7a ; 111. 

326c 

Convallatoxlgenin, 1J. 387/^ 
Convallatoxin, il. 3S76 
Convergence tiunxieraturf!, ITT. 
4436 

Convicine, III. 326t ; VI. 80^/ 
Gonvolamine, III. 327a 
Convolvicine, 111. 3276 
Gonvolvidine, III. 3276 
Gonvolvine, ill. 327a 
Gonvolvulin, III. 326c; VI. 
S7a 

Conuolvulus bafaias, J . 655r/ 

-- orizabmsiH,\l. iH)r 

— pscudornniahrirun, alkalojd.s 

of, HI. 326r/ 

Gonyrine, 111. 325c 
Gooking fain, IV. 253a 
Gook's alloy, HI. 327c 
Gool flames, IV. 422c 
Gooperite, minerals and alloy, 

II. 327c 

Gooppal's powder, IV. 51lJa 
Go - ordination compounds, 

III. 327c 

— in chemical analysis, 

III. 335a 

— , isomor])hi.sm. 111. 

334d 

— , mordant dyes, III. 

3356 

— , octahedral striic- 

turo, HI, 3306 

— , planar structure, 

III. 332a 

— , polynuclear. 111. 

3336 

— j tetraheilral struc;- 

ture, HI. 331 tt 

covalency, HI. 3316 ; 

JV. 2736 

— - — , electronic interpretfi- 

tion, III. 333ri 

— - — in physiology, chloro- 

phyll, 111. 336d 

— . lismiii, III. 33dc 

— , hBBmocyaniiie, Hi. 

336c 

— , iuracin, III. 33(it7 

— - — number, 3, 6, 7, III. 333rf 

^ 4, 0, HI. 330a 

.8, III. 333c 

— ■ — of hydrogen, supposed, 
, IV. 274c 

manifold associating 

groups, III. 3286 

— , stereochemical demon- 

stration, III. 330a 
Gopaene, III. 337a 
Copaiba, HI. 3376 
— , essential oil, III, 3386 
Copaifera app. products, oils 
and resins, 111. 337-340 
Copalvic acid, III. 337(i ^ 
Copal, 111. 338d 
— , Accra, I. 12c 
Gopalln, 111. 34(M 
Copal, New Zealand, III. 340a 
Gopalli in order oi hardness, 
HI. 340c 

Go-pigments, HI. 340d 
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Copper, HI. 341c 

— acetoarsonite, I. 478o 

— ucetylides, I. 82a ; 11. 2816 ; 

HI. 3566 

- ' -aluminium, equilibrium dia- 
gram, VI, 282a 
ammonium lactate, absorp- 
tion of carbon monoxide 
by, II. 3516 

-- ami its alloys, uses. III. 3.53a 
, aiitunoiiial, J, 130d 
, iiiitiinony as impurity in, 
III. 352d 

“ , — with ar.sonic as impurities 
in, 111. 352c 

, arsenic as impurity in. III, 
351 rf 

— and arsenic .as impurities 
in, HJ. 3.52a 

ai-seiiides, HI. 355c 
as chlorine carriei’, II. 3516 
trace element-, T. .50<la 

— , lu.Hmutli as iminirity in, HI. 

3526 

, blac'k f)\ido. 111. 3516 
blast-furnace smelting, HI. 
3l4c 

carbonate, mineral. 111. 20r 
catalyst m oxidation of sul- 
phites, VJ. 200d 
TiGinann-Reimer re- 
action, II. 364c 

— - -chromium alloy, III. 104 a 

— compounds, sec also (Jiipnc 

and cuprous com[)oiimls. 

- cyanide. III. 485d 
lietn., assay, 1. 523a 

bv elect-rod epositi on, II. 
700d 

— , colorimetric, II. 6716 
— , gravimetric, H. .5806 

— , — , micro, 11. 033c 
- in lood, V. 202d 

— , iiotentiomotric, IT. 7076 
■ , sp(‘( tro,scopic, 11. 002« 

— , volumetric, 11. 050r 
drop reactions, JI. ,5S0c 
elect rodeposition and plat- 
ing, IV. 2026 

— extraction, dry methods, HI . 

342a, c 

, wet methods, III, 31 06 

— , formation ol carbonyls 
catalysed by, 11. 3576 
-glanci*, II. 517c 

— artificial, IH. 355« 

ore, 11. 617c; HI. 311c 

hydroxide as pigment-, H. 2.5c 

— in Ileformatsky reaction, II. 

3006 

— — rice, II. 4906 

, iron as impurity in, HI. 3526 

- matte, crude copper from, 

HI. 340d 

— monoxide, HI. 3546 
— , native, IH. 341c 

— number of cellulose, sec Cot- 

ton, copper number, 
occurrence, HI. 341c 

— ore, azure, I. 583d 

— — , peacock, II. 5l7r 
, pitchy. Til. 1 196 

“ oxide catalyst bir olefln pro- 
duction, II. 350d 
hydrogen produc- 
tion from water gas, H. 
3496 

lu respirators, III. 196 

, oxidation of carbon mon- 
oxide by, II. 347o, 351c 


Copper oxides, HI. 353c 

- oxychloride as pigment, II 

1196 

— , oxygen as impurity in, III 
351d 

- peroxide, IH. 353d 

, phosphorus as impurity in 
HI. 352d 

pyrites, 11. 517c ; III. 341c 

- , pyritic smelting, III, 3J.5t/ 

. qualitative ffry react ions, Jl. 
517c, .518a 

— , — reactions, II. 551c, 5666 

— , , rare metals present, 

II. 554c, 5.56d 
— , red oxide, III. 353d 

- reflning, HI. 3486, d 

- — , electrolyt ic, HI. 348d ; 

IV. 2646 

— , reverberatory-furnace smelt- 
ing, III. 345c 

salt^i, ammoniacal, for ab- 
sorption of /carbon mon- 
oxiUe, 11. 31116 
- — as disinfectants, IV, 24d 
pigrncnbsl II. S6a 

— silicate, artiliciiDl, III. 1196 
, mineral, HI. \ 355c 

- - silicide, HI. 3.5.54 

- smelting, Bessemer proce-ss, 

HI. 347c \ 

for matte, Ill.\342d 

suboxidc, HI. 353d 
* suliihantiraonite, J I. 53d 

— sulpharsenate, IV. 307d 

- suliihate {see also Copper 

vitriol), HI. 3576 ; VI. 298rt 

, agricultural, III. 357c, 

3.586 

- — as algicide, I. 2016 

- - — fungicide, II. 3()d 

- - basic, mineral, II. 106a 
in respirators, ill. 2Uc 

— , native, ll. 517a 

- -tin alloys, IV. 270d 

- uroporphyrin, VI. 164c 
ve.sscls in methanol syn- 
thesis, 11. 3506 

-vitriol (see aUo (-upric sul- 
phate), II. 517tt ; HI. 341c 

zinc, equilibrium diagram, 

VJ. 281d 

Gopra, copra oil, 111, 2376, 
239c, 213tt 

Goprolites for superphospbate 
manufacture. III. 359rt ; 

V. 69a 

Gopromesobiliviolin, I. 692a 
Gopronigrin, I. 692a 
Goproporphyrin, VI. 162o 
Coprosma spp., IH. 3596 
GoproBtEUiol, 111. 896 
Goprostanone, III, 91c 
Goprostenone, III. 91c 
Goprosterol, HI. 896, 9lc 
Goptisme, HI. 3596 
Coptis japonica, III. 3596 
Goracan, II. 48Sd 
Goral, IH. 360c 
Goral-ore, III., 180a 
Goralydine, 1. 35a 
“ Coramine " (Ciba), III. 3616 
Corchorus spp., V. 1036 
Gordeau det/onant, III. 3166 
GordialB, HI. 3616 
Gordite, III. 361d ; IV. 5186 
— , analysis, III. 363c 
~ K.D.B., III. 364a 
GordyUte, III. 364a 
GordopBine pour cuir, I. 1336 
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Coriander, III. 304b 
— , essential oil, 111. 364ff 
Goriandrol, 111. sold 
Coriandrum eativum, HI. SOib 
Cori ester, V. 36c ; VI. 77rf 

, catalysis by magnesium 

ions, VI. lid 
Gorindite, 111. 365a 
Corinth EK, 1. 420a 
GorioCLavines, J. 133d 
Coriphoaphin O and BG, 1. 
1325 

Cork, III. 3655 

— dust in plaslicB, II. 470a 
“ ' in casein glues, II. 41.55 
Coming lamp-bulb macliine, V. 

588a 

Cornish stone, HI. 325 
Com oil, 11. 482a 
parsley, VI. 262c 
Gorniute, 111. 1195 
Coronilla srorpiotdeH^ C\ variu, 
HI. 30«e 

Goronillin, IT. 387d ; HI. 366c 
Corozo, HI. 366c 
Corrosion, agent in preven- 
tion, VI. 300a 

- fatigue, III. 379d 

- of immersed metals, 111. 

375a 

— . . — a,ntl (ilectrode po- 

tential, III. 3755, 380a, 
396c 

— — metals, III. 366r 
, anodic oxidation 

against, I. 2545 ; HI. 3925 

, atmospheric, III. 308a 

, bituminous coatings 

for prevention, 111. 395<Z 

by carbon ietra- 

eliloride, II. 355d 

— sea water, III. 381a 

soils, III. 3845 

^ cementation proci'sses 

for prevention, 111. 397a 

, differential aeration 

principle, HI. 379rt 
— ^ effect of oxygen sup- 
ply on, III. 3785 
, electrochemical con- 
trol, III. 387d 

— , olectrodcposiled coat- 

ings for prevention, HI. 
3975 

, grease coatings and 

slushing compounds for 
prevention. III. 394 d 
, hot-diiiping lor pre- 
vention, 111. 3905 
in refrigerating .sys- 
tems, III. 387d 

— (,lie open air, HI. 

372d 

— ^ inhifiitors for prevent- 

tion. 111. 386a 

lacquers and varnishes 

for prevention, H. 467d ; 
HI. 394d 

— , metal-cladding for 

prevention, IIT. 3905 
— v , — coatings for pre- 

vention, III. 390a 

, spray processes 

for prevention, III. 397a 
, paint and allied coat- 
ings for prevention. III. 
3935 

protection by control 

of external factors, HI. 
885c 

VoL. VI.-36 


CorroBion of metals, protec- 
tion of shijis’ hulls against, 
III. 382a 

" ' — 1 protective measures, 

HI. at85r 

“ rolled-on coatings ” 

for prevention. 111. 3965 

— - , season-cracking in. III. 

380d 

— , terne plate for pre- 

vention, HI. 390d 

' , testing protc'ictive 

metallic coatings, HI. 398tt 
-resistant alloys, aluininiuin 
bronzes. 111. 390a 

^ — luagnesiuin, I. 

250a, 251a ; Hi. 3905 

, brass, HI. 38t)d 

— , bronze, Til. 3J)0a 

— , copper-rich, HI. 

380c 

-- , iron -rich, IIT. 3885 
- , nickel-iicli, 1 1 1. 3811a 

Corrosive subliniiile, III. 3985 
Gorsite, TV. 85 
Corticinic jicid, ITT. 3005 
Corticosterone, VI. 2775, c 
Cortin act ivit y , VI 2775. 278c 
“ Corubin” 1. 15 ; HI. 399c 
Corundum, ahiaMVe, 1. 4u ; 
H. 3r>9a ; 111.3995 
, artilicial, HI. :i99c ; V. .>12d 
- , for gein.s, HI. 3995 
, mineral. 1. 201r ; HI. 3985 
Corybulbine and isocorlbul- 
bine, HI. lOlc 
Corycavamine, Hi. 102c 
Corycavidine, 111. 102c 
Gorycavine, 111. 1025 
pseudoGorycavine, HI. 102d 
Gorydaldine foriuatiun, H. 

230a ; HI. 1015 
Gorydaline, HI. >1ond 
CorydaUs ffph., alkaloids, 111. 
399d 

CorydaUs htberosa, VI. la 
Gorydlne and isocoryiluic, 111. 
403a, 5 

Gorylin, V. 180c 
Corylus ttpp., V. 1805 ; VI. 189d 
Gorynanthine, III. 403d 
Gorypalmine, H. 2305; IH. 
4025 

Gorytuberine, HI. 403a 
Gostenes, a- and /3-, HI. 403d 
Gostol, HI. 403d 
Gostus, c.sseiitial oil, III. 404a 
Gotarnine, 111. 404a 
Goto bark, HI. 404a 
Gotoin, HI. 4 04 a 
— , di-, hydro-, inethyUiydro-, 
niethylproto-, and proto-, 
III. 404a 

Gotton {sec also Bleu idling ; 
Cellulose ; Dyeing ; Ex- 
plosives), V, 135a 
— , acetyluted to resist sub- 
stantive dyes, V. 1915 

— anthracnose, V. 139a 

— ash, composition, V. 142d 
-- bleaching, II. 3c 

, hypochlorite, II. 3a, 5o, 

10a 

, peroxide, II. 10c 

— blowing room, V. 144d 

— carding, V. 1466 

-- cellulose {see also Cotton), IT. 
45, 4626 ; V. 1415 

, chain length, II. 301 d, 

458a 


Cotton cloth, see under Bleach- 
ing ; Finishing textile 
fabrics ; Fa brics. 

- combing and drawing, V. 

149a 

— , copper iiumbor, 11. 463a ; 
IV. 507c ; V. 143a 
- , Devil’s, 1. 4c 
-- fibres. V. 135a 

- tlowers, IIT. 405a 

- ginning and pressing, V. 

143d 

- grey, composition, H, 3d 

- groM'ing, diseases, posts, 

yield, V. l3Ha 

- lint hail's, V. I39r 

- oiiening and cU^aning, V. 

144 c 

, properties of iioti-oellulosc 
constituents, H. 4 c 

- , imitein.H, V. 1425 

- i|iiality, tests, V. 1 l(i5 
-rayou cloth, ellecl of alkali- 
hoil, isiif 
roviiig.s, y. 149d 
, .scoiiriiig and chemicking, 
(ontiiiuoiis syslenis, IT. 9a 
Cottonseed cake' 1. 15511 ; 111. 
lOOd 

, colouring matter, 111. 4075 
oil, 111. 4()8d 

— - - -.analytical limits, HI. 

nod 

, hardening. II. 420d ; VI. 
1 H3c 

, hydrogenated, 111, 410c ; 
VI. 183r 

Cotton singles, V. 151r 
sliver, V. 140a 
s])inning, V. H4a, l.'iOa 
llivead, V. J5lc 
warp heani, V. ]52d 
wax, V. 11 Id 
weft-, V. ] 52a 
, white ligyptiaii, 1. Ic 
wilt, V. 138d 

yarn ])repiiratioii, V. 1.515 

- - yarns, count, V. 144a 
Couch grn.s.s, 1. 171d ; HI. 411d 
Couepia grandiflora, IV. K4a, 

2.58a 

Gouepic acid, IV. 258a 
o-Goumaraldehyde methyl 
ether in cassia oil, II. 418d 
Coumaran, HI. 411d 
Goumarin, HI. 412a 
~ - glycosides, HI. 412d 
-- in cassia oil, II. 418d 
Goumarone, III. 413a 

- resins, III. 4135 
Coupling components, HI. 

5835 ; IV. ]95d, lOOd, 23fld 
Court plaster, V. 5085 , 

Govalency, 111. 334a ; IV^. 
273a 

Govelline or rovellite, 111. 341c, 
3555, 413d 

Gowberz^, HI. 414d 
Cow j>ea, HI. 413d 

- -tree, 11. 119a 

“ Coxpyria” I. r>17d 
Go-zymase, II. 99d ; 111. 

250<; ; V. 155 ; VI. 78c 

, constitution, V. 17a 

, enzymic reduction, V. 

16d 

, function, V. 32d 

pronexties, V. 175, 

reaction by liypoBUl- 

phite, V. 16c 
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Crab's eye,” 1. ir 
Grabwood o]\, 11. 211 b 
Cracklings, VI. 

Cranberry, 111. 4146 
— , Anuirican, VI. 1)2^7 
Cratasgus Hpp., VJ. 

Grazing (]io1tery), VT. 12/i 
Creaming of linen, 11. lid 
Cream of Tariar, 111. 415a 
Grease-resistant rlofli, V. 
line 

— -reHinlinK ellects, \', l!)Sr 

Creatine, ill. 415a 

— and erealmme. VI. 1 Me 

' , eolmir react inn. 111. 4l()/i 
, deln., 111. 1 1(i/j 
— , hoinnlngues. III. ll(l/> 

— iiliosphoric acid in iniiscle 

extract, VI, ITih 
Creatinine, HI. 416r/ 

— detectinii, HI. 117d 

— , deln., Folin's metlmd, III. 
■1 1 Hh 

Crenilabrine, T. 4.71ir 
Greoline, 111. 419a 
Greosol, 111. 419a 
“ Creosotal” 111. 419a 
Creosote, 111. 4196 

— - as benzole wasli-oil. 111. 122d 

blast-rurnace, 111. 421a 

- Ill ick oil, 1 11. 4211c 

- , coal-tar. III. 12 (Wj 

, iSjiecilical ions, 111. 

421c 

— , Diesel oil, HI. 12;if/ 

- •- disinfectants ainl slici']) (lijts, 

1 H. 422a, 424a 

- lor iircs(*rving tiiiibcT, III 

421a 

-fuel od loi* fui'nacc.s, HI. 
122a 

iiitern.il cninbiis- 
I ion CMigiiies, HI. 122/1, 

I2:w 

greases, HI. 122 /j 

- in notation processes, III. 

12;i/> 

— , low tompcraturi' tar, HI, 
42:4c 

- oils, liydropenation, 11. 42(16 ; 

HI. 42aa 

- timber-preserving oil, spoeili- 

cation, HI. 12:id 

- wuter-gas tar, HI. 421a 
wood-tar, 111. 41{)c 

— , — phai'inaeeutieal, HI. 
420rt 

GresaUn, HI. 4247> 

Gresogol, IV. 257c 
Gresol compounds in per- 
fumery, HI. 425f/ 

- disinfectants, HI. I25c 
in cascanlla oil, 11. 411a 

m-Gresol in crcsylic ueid, HI. 
4276 ' 

2:4:«-trinitio., HI. 428a 
Gresols, 111. 4246, 427a, 6 

- from coal, II. .S()4a 
Gresolsulphonate, nitro-, ex- 
plosives, IV. 483(7 

Cresotic acid, HI. 425(7 
Gresotinic acid ( K resot in- 

afl,ure), III. 425d 
Cresyl etlier, III. 426a 
GreevUc acid, II. 304a ; III. 
mb 

, recovery, II. 3046 

, speciflcaDonH. analysis, 

III. 426r, d 

Gresylite, HI. 425c, 428a 


o-Cresyl pboephale. III. 425c 
Grin vegetal, 1. 161a ; V. 1686 
” Crisalhim:* HI. 426a 
Grismer test oI butter, II. 
166(7 

Cristobalite, HI. 4286 
Grith, HI. 428c 
Croceic acid, 1. 658c 
Crocein acid, 1. 6.58c; HI. 

428c ; IV. 206(7 
Grocetin, II. 308(7, 4016 

— and erocin, HI. 428c 

— , identity with nvctantlun, 

11. 440a 

Crocidolite, I. 41M)c ; 111.429(7 
Crocin, III. 428c 
a-Crocin, gentiobiosc in, IJ. 
2006 

Crocoite or Crocoisite, IJ. 066 ; 
HI. 430a 

Crocus of Antimony, 1. 4176 
Crocus spp.. III. 428c ; VI. 03(7 
Cronstedtite, III. 4306 
Crookesite, III. 4306 
Crops, HI. 4306 
, grass, HI. 4.'U6 
, J(*gunms, HI. 4. ’12c 
, root, 111. i:i2a 
Crossater papoftHN. 1. 5326 

, asteiic acid in. I. .5:126 
Grotine, 111. 4316 
Crotonalbumin. HI. i:H6 
Crotonaldehyde, I. 26c, 21a 
— etliylaeetal, I. 366 
— , lormation, II. 42:16 

— , rediKjtion, 11. 126(7 

Grotonbetaine, 1. 450(7; 11. 

:ioi(7 

Crotoncbloral bxliate, II. 
1706 

Crotonglobulin, III. 1316 
Grotouitrile. I. 2586 
Croton “ .NatnrgiMsIoll,” III. 
431c 

Croton oil, III. 434a 
' Grotonoleic acid," HI. J31(7 
Grotonoside, HI. 4316 
Croton resin, HI. 431c 
Croton iiglium, HI. 134a 
Crotonylene, I. 1 lOc 
Crotophorbolone, HI. 434(7, 
foot-note 

Grotyl alcohol, conversion into 
butadi(me, 11. 1546 
Crowberry, III. 435c 
Crucibles, HI. 435c 
alumina, 111. 430a 
carbonaceous, HI. 4376 
“ Carborundum ” HI. 4306 
clay, HI. 436(7 
(^dorado, J. 526c 
Cornish, HI. 437a 
French, III. 4376 
graphite, HI. 437c 
Hessian, III. 4376 
lime, HI. 430d 
hondon. III. 437a 
magnesia, III. 430(7 
silnja, III. 4376 
, white fluxing pots, HI. 437a 
Crude libre in feeding stulTs, 
IV. 503a, 602r 
Crushed steel, 1. 3(7 
” Cryogenine” HI. 4406 
Cryolite, artificial, I. 2866 

— m opal glass, V. 501c 
— , mineral, III. 4406 
— , ore, 1. 264c 

Cryolithionite, I. 2866; HI. 

441a 


Gryoscopy, III. 4416 

— , Beckmann, MI. 442a 

micro-llaat, III. 443r 
— , precision methods, III. 441/y 

- values of K, HI. 441c 
Gryptal, HI. 445c 
Gryptolite, II. 5126 
Cryptopine, HI. 445c< 
a//oGryptopine, *- and I[. 

528(i, 520a 

Cryptopyrrolrf, I. 69 Id 

— carboxylic acid, I. 691d 
Cryptotaenene, III. 445c 
Cryptotaenia japonica. 111. 

44.5(7 

Gryptoxanthin, see Krypki- 
xant bin. 

Crystal grow th, 111. llOa, 4546 

, velocity, 111. 4546 

Crystallisation, III. 445(7 

— by cooling, HI. 4486 
Crystalliser, cooling, HI. 4186 
— , — , Howard, 1|I. 451tt 

— . — , i>an or tank, HI. 4486 

- , — , J^assbiirg, IH. -MOa 

. ' , Sweiison-milker, HI. 
45lJf( \ 

- Wuin- 1 lock ,\lH. 45(16 
. evapejrator. IH.\l."ilc 

, , Horske, Snltyeiker. HI. 

1526 \ 

— , — , .J(^reniii).SHon oV Oslo, HI. 

452(7 

, ]>aji or lank. III, 4 51c 

- , — , salting, Hi. 451(7 

- , A'licuum, IH. 15:J6 

— , - rocker t>jie, 111. 453(7 
Crystallisers, crystallisnl ion 
in, HI. 45:16 

Crystallizing plauts, III. 148a 
Crystalloids, Hi. 270a 
Crystalloluminesceiice, 1 11. 
22(7, 2:i(7 

Crystals of marketable Ki/es, 
,111. 44 8a 

” Cry stolon,"' 1. la ; II. 3616 
Giibanite, HI. 455a 
Cubebol, 111. 4556 
Gubebs, essential oil, IT. 188(7 
HI. 455c 

Cuckoo-pint, 1. 497(7 
Cucumber, 111. 455r 
Cucumis salivas. Til. 4 55c 
Cudbear, III. 456(/ 

Cullen earth, 111. 456a 
Gullet, V. 673(7 
CuUinan diamoml, III. 57Sa 
Culmorin, V. 56(7 
Gumar resin in lacquers, 11, 
4726 

pscudoCumene, I. 466(7; HI. 
4.57a 

Cumenes, IJJ. 456a 
Cumidine or 4 -i sopropy laiii- 
line, 111. 457(7 
o-Gumidine, III. 4.57d 
pscudoGumidine or 2:4:5-ti'i- 
methylaiiiline, IH. 458a 
Gumidines, HI. 457d 
Guminol in camiihor oil, II. 24 Oc 
Cummin or cumin, HI. 4586 

— oil, IH.458d 

Gupferron, analytical reagent, 
11.5836; IH. 3356,459a 
— , prepn., VI. 4046 
Cuprammonia silk, see Cu- 
prammoniuin rayon. 
Guprammomum rayon, H. 
46:36; HI. 35.5a ; V. llSa, 
116a 
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Gupraznmoiiium silk, ace 
Cuprammoniutn rayon. 

“ Cuprase,"' 111. 459a 
Guprea bark, 111. lOOr/ 
jS-ijoGupreidine, 111. I7(i(/ 
Cupreine, 111. 12Ka, liSUd 
i5oGupreine, a- and B~, III. 
1766, d 

Guprene, 1. 80a, 87a 

— in respirators, ITI. Hid 
“ Gupretenind, ’ III. l78/j 
Gupri-adeptol, 111. 459a 
Gupric bromide. III. 3r)7a 

— cliloride, III. il.'jOd 

— compounds . see also (’oppcc 

compounds. 

— ferrocyanidc, JJl. 17()d 
— " lluoricle, III. 

— hydroxide, III. 

— nitrate, 111. ^.j8d 

— nitrite, 1 II. .'lohr 
oxide, 111. 3r>lfc 
pliosidiaie, 111. ilalla 
pJnisjdiide, III. .‘{.'i.'ir 
salts, III. U.7(id 

, ipiaJitahve reactions, II. 

55 Ic, r>(j(ld 

, , laie 111 el als piesenl , 

II. 551 d, 55(id 

— - siilplial e (see (r/.so ('(i[i|ier 

isniiiliate : tVipja'i \ifiiol). 
in.;-;57/>; Vl. 2JISa 

, native, Jl. 51 7«; HI. 

34 I c 

• sulphide, III. .‘{55/> 

Cuprite, 11. 51Hu ; 111. :J41t, 

459a 

Guprodescloizite, 111. 5(ii)^ 

“ Cuproi:' HI. 459a 
Cupron, 11. (i05d ; III. 15!)/) 
Cuprosilicon, HI. 1155c 
Cuprous ace(>li(le, 11. 2H(id 

— broinnlc, 1 H. 35(if 

— chloride, III. 350a 

— - coniiKiunds, III. IJ5(ltt 
-- cyanide, I II. 35()d 

— f crrocy ai 1 1 ( I <*, HI. {l\b 

— lluoncie. 111. Il.llic 

- - hydroxide, 111. .‘{5 la. 

— iodide, 111. 35llc 

— - lactate, ainnioniacal. absor- 

bent of carbon inonoxule, 
11. 3456 

— oxide. 111. 353r/ 

, native, 11. 51 Se 

phosphide, HI. 3556 

— salts, III. 35(ia 

, aininoTiiacal, absorjdion 

of carbon monoxide in, II. 
3456 


, qualitative reactions, H. 

50()c 

sulphat(‘, HI. 35l)d 

— sulphide, HI. 355a 
, native, 111. 51 7d 

— sulphite. 111. 35(hf ^ 

— “ thiocyanate, HI. 350d 
Cuprum laziire^na, 1. 5.S3d 
Guracit-soda, IH. 4596 
Curare, III. 4596 
— , caluliasli or Konrd, 1 H. JliOa 


— , para, HI. 450d 
pot, 111. 4006 
— , iuho-, HI. 45t)d 
Gurarine, III. 4fl0a 
Gurcas oil. III. 460c 
Gurcine, III. 4016 
Gurcinoleic acid, HI. 401a 
Curcubita pepo, I. 4506 
Curcuma aromatica, HI. 4016 


Gurcumenes, 111. 4616 
Gurcumin nnd Curcuma ffpp., 
HI. 461c 
Curd, 11. IGOd 
Curine, 111. I. 'did 
Curite, 111. 461r ; VI. 15.5a 
Currant, black, red and white, 
HI. 461c 

Currying. HI. 5516 
Gurtius degradation of abides, 
J.HOSd; 11.375a 
Cuscamidine. 111. 1286, 10 1 c 
Cuscamine, III. 1286, lOlc 
Cusco harlv, HI. 10 Ic 
Cuscohygrine, HI. 220a 
Cusconidine, IH. 1286, lOld 
Cusconine, HI. l2Sa, 10 Id 
Cuspareine, HI. 102d 
Gusparia h;nk, cnsitarine, pili- 
lune j>nd minor alkaloids, 
HI 4626 
CUSBO, HI. 463r 
Cutch, I. He ; H 4336 
Cutocellulose, 11. 107a 
Cutting oils, I \'. 3ii3d 
Gyamelide, HI. fiOOd 
Cyanamido and its thin.. HI. 
50 5a, 51 la 

Cyananthrene, 1. 12 le 
Cyananthrol, I 23.26 

- li (H, HMMl), I. lOOa 
Cyanase, IV. 282d 
Cyanate, del n., voliinndric. H. 

051c ; HI. 51 16 

Cyanates. prejm., HI. 5006. 
507a I 

- , qii.ilitat ive reactions, H. j 

5006; 111.5106 I 

Gyanenin, HI. 51 16 
Cyanhydrins. I. 1056 
Cyanic at id, 1 1 1 500d 
“ Gyanicides," VI. loid 
Cyanidation oi* cyanide pro- 
cess ol fjold extraction, see 
(■old ext 1 act iriti, cyanide 
j»ro(a‘.ss. 

Cyanides. 1 1 1. 463( 

- , alkali, analysis. 111. 5106 

— , , Iroin aiiiinoni.i and 

alkali carbonates, HI. 170a 

— , — , , rdkali jiietiils and 

carbon, IH. l7Jld 

- . — , — l(‘iTOcyanides, HI. 

478c 

, — , — liydroi' vaiiie ai'id, 
HI. 4S0d 

, - iiitro^jen, alkali mclals 

and carbon, HI . 4S3c 

- , — , and alkali melaj 

carbonates, HI. 4Hld 
- , — . — thioi’Vaiiates, IH. 
I80c 

. alkaline earth, lioni carbides 
and nitrof^eii. 111. 4,S7d 
. , — earboiiates, car- 

bon and nilroffcii, HI. 400a 

^ — e>anamidii and 

i-arboii, ITI. iSSc 
— , — hvdrocyaiiii* acid, 
1H.40J6 

fsoGyanides. ulkvl, 1. 300a ; 
IV. 350d 

Cyanides, complex iron, 111. 
405a 

— , detn., potentiometric. II. 
700a 

, — , volumetric, H. 054 d ; 
HI. 5106 

— , drop reaction, II. 582a 
— , heavy mcial, HI. 485d 


Gyanldea^ hiaiory, III. 403c 

— , qualitative reactions, II. 

5006, 582a, 0S3c ; HI. fiOOr 
Cyanid.e solutions from noble 
nietnl extraction, analysis, 
J. 531 d 

Gyanidin, 1. 3Slc ; HI. 5126 
- chloride, colour haser and 
pseudo-base, HI. 512c, d 
Ulucosides, HI. 115d, 512c 
pigments, How (4*8 containing, 
111. 5126, 513d 
, rial net ion lo f//-cpicatechin, 
Jl. 137c 

— , relation to callist ephin, 11. 

23 Id 

penCyanilic acid, V. 3S0r 
Cyanin, 1. 3816 ; HI. 513d 
Cyanine dyi's, 111. 514r 

(piaternai N' bases, HI, r)23a 
Cyanines, 2.1- and 4:1'-, 111. 
52()d 

— ,2:2'-, 2: 1 -and 1:1 -, HI. 51.5a 
apoCyamnes, HI. 52tia 
i^oCyamnes, I H . 51 5a 
neoCyaiiines, IH. .520c 
i/*-Cyanines, HI. 515a, 510c 
Cyanines, dermition, 111. 530d 

, iiidol iieai'bo-, HI. 5276 
, nomenclature, HI. 530d 
, oVlu ai'bo-, oxa-2'-, and o\u- 
1-, IH. 5206 
, seleiia-r-, Hi. 520d 
siibstituted in the chain, HJ. 
.521c 

, tliia-r-, IH. 520d 
tbiatluiiy.olo-, t.lua'/.olocarbo-, 
thia/iOlo-, thiazolo-1'-, thia- 
'/.olo-2'‘*^ and I hiazoh)-'! 

HI. 5216 

t liia/,nlinoi‘;ur])o-, tliiazolino- 
2'-, and tliiuzolino-l'-, HI. 
52 bf 

Cyanite, 1. 20 Id, 3706 
Cyanoacetic e.stor, eoridensa- 
lion with aldehydes, 11. 
.300a 

Cyanoaurate, potassium, HI. 

4 80a, VI. 115d 
Cyanocamphor, 11. 2Hc 
Cyanocarvomenthone, 1 1 . 408r 
Cyano-compounds, .syntliesis, 

II. 30 Id, 3(ll)c 
Cyanogen, 1 11 . 5036 

— lirnrnide and chloride, HI. 

116, 50 Jc 

in warfare, 1 11. 10c 

, deli'clion of . gaseous, 11. 
500a, 0H3c 

, detn. of gaseous, II. 083c ; 

HJ. 504a 

Gyanoguanidine, HI. 602d 
Gyanomaclurin, 1. 407d ; 111. 

5316 ^ 

Gy anophor ic gl y cosi d es ( see 
a/MO Amygdalin ; Emulsin), 

I II. 5316 

Cyanuric acid and ethyl ester, 
HI. .500d; JV. 360d 
isoCyanuric acid and ethyl 
liSter, V. 385d ; IV. 30la 
Cyanuric triuzicle, 1. 563c 
Cyclamen europerum^ III. 631c ; 
VI. 87a 

Gyclamin, HI. 531e, 654c 
Gyclamiretin, III. 631c 
apoGyclene, HI. 531c 
Gyclenes (cyclic olefins), III. 
532a 

— , mono-olefinic, III. 532a 
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Cyclic dienes, conjugHlod, III. 
5346 

— polyenes, conjugal t*(l, IIJ. 

5346 ^ 

Cycloform,*' 1. :jnn6 ; 111. 

535d 

Cyclonite, 111. 535(7 
cyclo Paraffins in pcjl-roleurn, 
111. 5376 

c(/c/opentadiene, 111. 
Gyclopterine, 1. Ifiilr- 
“ Cycloran E," 111. 537d 
Cyder, nve (Mder. 

Cygnine, ill. 537(7 
Gyundrite, 111. 537(7 
Cymarin, 11. 3Hr)6 ; III. 538a 
atloCyrnarixL, II. 3Slr, 385(7 
Cymarin, miKyinic isonK^risa- 
iion, 111. 38 Ir 

Cymarose, 11. 3007> ; 3S1(7; 

111. 5386 

Cymbopogon wartim, V. 517rt, 
5186, .530a 

Cymene, dihytlroxy-, 11. Idle 

III I'ssentiHl oilh, II. Illif; 

HI. 21(7, 1836 

p-Gymene from camplior, 11. 
212c 

— -- redrt'UH, II. 11(16 

Cymenes, 111. 5386 
Gymols, 111. 5366 
Gymophane, 111. ll!i(( 

Cynips gaUm tinrlona', W ‘I25((, 
Gynodontin, V. 55(/ 
Gynthiaxanthin, II. 101(7 ; HI. 
539c 

Gyperene, cyp(M'<il and 
cyperone, 111. 120a, 539c 
Cypress carnplinr, II. 411a 
Cyprian vilr-Kd (.see (iIno ('np- 
per vitriol), III. 3576, 530(7 
Cyrtolite, III. 539(7 
Gystcunine, 1. 32()a 
“ Cystazol," 111. 540a 
Gysteic acid, HI. 5116 
Cysteine, Hi. 540c, 511a 

— and cystine, detii., 111. .54 Ic; 
Cystine, 111. MOa 
Gystogen, 1. 320a 

“ Cystopurin," HI. 5426 
Cytase, II. 87i7 ; HI. 5426 
Gytidine, VI. 87a 
Cytisine, I. 010c; 111. 542c, 

544a 

Cytisolidine, HI. 543a 
Cytisoline, HI. 513a 
Cytochrome. HI. 544(^ ; IV. 

8116 ; VI. 10.5a 
Cytosine, HI. 545c 
Gytromycetin, V. 53(7 


- D 

S-Aeid (dultii acid), HI. 557fi 
Dsmonorops propmqmitH, IV. 
55(7 

Dahlia, co-piginont^tion in, HI. 
3416 

Dahl’s acids, III. 5456 
Daidzein, V. 259c 
Daidzin, V. 259c ; VI. 876, 88(J 
Dalton’s law of partial pyes- 
sures, IV. 36a, 486 
Damasoenine, HI, 5456 
Daznhonitol, III. 546a 
Damhose, VI. 495a 
DBzmnar in lacquers, II. 409(7 
— resin. III. 546a * 

Danaite, HI. 547a 


Danalite, HI. 547a 
Dandelion, HI. 547a 
Daniella thnrifira, HI. 3386 
Dant in coal, V. 3.50(7 
Daphnandra Hpjt. and alkaloids, 
HI. 5476 

Daphnandrine, HI. 5476 
Daphne trpp., 111. 647(7 
Daphnetin and daphnctinic 
acid, HI. 547(7 

Daphnin, 111. 41 3a, 547(7, 5486 
Daphnoline, HI. 547c 
Darak, II. 498c 
D'Arcet's alloy, 1. 698c 
“ Darco," I. 1 53a 
Dari, H. 482c 

Darwinite, HI. 548c ; IV. 556 
Date, HI. 548c 
DatUe, III. 549a 
Datisca cunnahinu, 1. 199a ; 

HI. 549a 

Datiscetin and daiiMcin, HI. 
519(1. c ' 

Datiscin, riititioso in, H. 300c 
Datolite, 11. 229(7 ; HI. 549(7 
Datura airamotnutn and dalii- 
Miie, HI. 550(( 

Daucol, II. HU6 
Daucusin, H. 1016 
Dauerhefe, V. 1.5a 
Dauricine, HI. 550(( 
Dautriche t.(‘Ht ol' explosives, 
IV. 550(7 

“ Davitamon,** HI. 5506 
Dawsonite, 1. 204(7 
Deacon chamliers in bleaching 
powder prodnetion, 111. 
Ola 

process, H. l2Sc ; III. 416, 
486 

Dead dijipiug of brasswork, HI. 

5506 

Deadly nigiitsliado, I. 0036 
Dead oil from sliale, HI. 550(‘ 
Debye-Huckel limiting law, 

VI. 216a 

Decacyclene, 111. 550c 
Decaethylene glycol, IV. 3796 
Decahydronaphthalene, nee 

I >ccalin. 

Decahy dr oretene caibox yli c 

acid, diriilro-, I. 36 
Decalin (decaline), II. 120(7 ; 

VJ. 352c 

Decalols, a- and jS-, VI. 35-46 
Decamethylene di carboxylic 
acid, HI. 550(7 
Deccan grass, 11. 482(7 
Decenylenic acid, II. 272c 
Dechenite, HI. 551a 
“ Decholin,** III. 551a 
n-Decoic acid, II. 2716 
Decyl acetate, HI. 5516 

— alcolwjl, HI. 5516 

— aldehyde, HI. 5516 
De-emulsilication, IV. 3006 
Defibrination of blood, 11. 246 
Deficiency diseases, sec Ash ; 

Calcium gluconate ; Ferti- 
liser, borax, remedial. 

“ Degalol," HI. 5516 
D^gras, III. 5516, 551(7, fuot- 
noU- ; VI. 135c 

D^grasbildner, di^gras-fomier, 
III. 5526 

Deguelin, III. 559c 
Degumming benzol with silica 
gel. III. 207(7 

— silk, II. 176; IV. 143(7 
Dehumidilication, VI, 286(7 


Dehydracetic acid, 1. 63<7 
Dehydraee, 111. 5a3a 
Dehydratiiiig agents in organic 
prepns., IV, 3506 
Dehydration (see aiao Prying), 
IV. 68a 

— , azeotropic distillation 
method (see also Distilla- 
tion, laboratory), I. 10.3c, 
178c 

— , catalytic, II.* 428a 

trans - Dehydroandrosterone, 
VI. 27.5a 

Dehydrocarveole, dehydrocai - 
vmie, H. 2786 

7-DehydrocholeBterol, 11. 

203a 

Dehydrocinchonine, HI. 189c 
Dehy dr ocorticoBterone , VI. 

2776 

Dehydrocorydaline, HI. 401a 
Dehydrodiei^enol, IV. 3966 
Dehydrodi-isoeugfenol, IV. 

399c I 

1 :5-Dehydro-5:5’-!dihydantyl, 

Vi. 289(7 \ 

DehydrogenaseB, Vlll. 553a ; 
IV. 3156 \ 

— ill muscle extract, \VI. 78c 
Dehydroindigo tin, yl. 452(7 
Dehydronorcaryopl^llenic 

acid, II. 409(7 

Dehydronorcholene, carcino- 
genic compound from, H. 
379(7 

Dehydroquinine, HI. 139(] 
7-DehydroBitosterol, II. 203a 
Deh^gothio-m-xylidine, III. 

Dehydrotriacetonamine, I. 

08(7 

Dekahorane, H. 40(7 i 
Dekol. HI. 553(7 
" Dekrysil," HI. 553(7 
Dolatynite, I. 302(7 
Delcosine, HI. .5r)7a 
Delphin, HI. 553(7 
Delphinidin, 1. 381c ; TIT. 

553(7. 554(; 

— , relation to callistephin, H. 
231(7 

Delphinin (glucoside), 111. 
555c 

Delphinine (alkaloid), II. 

556c, 557a 

Delphinium consolida. III. 

555c, (/ 

— spp., alkaloids, III. 556c 

■ zaiil, D. spp., dyeing prop(^r- 
ties, I. 499o ; III. 55,5(7 
Delphinoidine, III. 5576 
Delphisine, 111. 557a 
Delphocurarine, 111. 556c 
Delsoline, III. 557a 
Delta acid (S-acid), 111. 5576 
l^eluBtring processes, V. 202a 
Demantoid, V. 429c 
Demargarinated oil, III. 4 1 0(7 
Denaturants, III. 557a 
Dendrites, 1. 164a 
Denier count of rayon, IV. 

125o ; V. 112(7, foot-note. 
Densimeter, HI. 558c 
Dentifrices, perborates in, 11. 
52a 

Deodorants, p^borates in, 11. 
52a 

De-oiling processes for emul- 
sions, IV. 3006 

Deoscyadenosine, VI. 87c 
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Deoxyalizaiin, 1. 2i9r 
Deoxyamalic acid, VI. 407(7 
Daoxycliolic acid, 1. 686b 

, carcinogenic compound 

from, II. 379d 

compound with camphor, 

II. 18«c 

DaoxycorticoBter one , V 1 . 2 7 8b 
Deoxycytidine, VI. H7n 
Deoxyg^uanosine, V^l. 87r 
Deoxyaantalm, I. O.'iOr 
Deoxyisosantalin, 11. 200(1 
— , acetyl-, II. 260d 
Deoxyuridine, VI. 87(' 
Dephlegmator, 111. 558d 
iDepressanta (fiohifion j)ro- 
cesB), V. 203f/, 200(1 
“ Dericinoel,” 11. 422b 
“ Dermatol" 1. 700(/, ; IIJ. 558d 
" Dermogene,” HI. 559(t 
" Dermol" 701a; JIJ. 117(/, 
559a 

Derris and D. rcHin, 111. 559(z, c 
“ Desalgin," 111. 5Ma 
Deacloizite, III. 560b 
Desiccation, are iJrving. 
Desichtol" ill. 560b 
•Desoxycinchonidine . 1 f T . 

147d, 1 .7.3(1 

Desoxycinchonine. III. 1l7r/, 
1 .7Hc 

Desoxyhydrocinchonidine , 

III. I02(/ 


Deeoxyhy drocinchoniue . HI. 

164a 

Desoxyhydroquinidine , ill. 
165(;, 107b 

Desoxyqiiinidine, ill. 172(/ 
Desoxyqiiimne. HI. 177(/ 

" Despynn," HI. 560b 
Dessoulavy conipoiDid, VI. 
4.70(* 

Destearinated oil, III, 

Desyl chlori(l(>, I. H0(/ 
Detergents, II. 427( ; VI. .70!i(/ 

— from petroleum, HI. 560(' 

— , perborates in, 11. 52(( 
Detonating lu/.e, HI. 361b 
Detonation {see ah^o Vi\- 

plosioiiR, gas(;ous), IV. 45ic 
■ by “ influence,” s(uisi(.ivj(.> 
of explosives to, IV. ooda. 
in gaseems explosions, 1\. 
4:U(‘, 'IMOn 

of electrolytic pas. elTect of 
diluents, IV. 436(/ 

explosives, velocity, IV. 

.750c 

, spin in, IV. 430(/ 

— pressures and velocities in 

gaseous explo,sion.s, IV, 
440a 

, sensitivity of explosives to, 
IV. .740b 

— velocity, Ibiut riche detD.,I\ . 

.7.70d ‘ 

Detonators, IV. .73r)c, 544(’ 
lead jdate. and nail tests, IV. 


.74.7a 

Detonit, Wetter, B, IV. .7.70(( 
Dettol" HI- 560r 

Deuterium (heavy hydrogen), 

HI. 560d 

- as indicate’ in biology, HI. 

.766b 

— compounds, HI. .76.ja 
detn.. III. 566a 

^ deuterium hydride and 
hydrogen, pniperties com- 
paredrin. 563a 


Deuterium, liet-erogcncous in- 
terchange reactions, 111. 
366b 

, homogeneous interchange 
reactions, III. 36. 5d 
— , interchange reactions, 111. 
.765d 

oxide (heavy wafer), 111. 
.7(ila 

— and water, properties 
comiiared, HI. .761b 

- - , electrolytic concent rat ion, 

HI. .761(f 

, reactions in, HI. .763c 

separation from hvdrogen, 
HI. 362b 

— , speetrosc(>pic dal.i, 111, r)66c 
Deuteroporphyrin. \ 1. I(i2(/, 
J63(/ 

— ill .sMilhesis ol luciiiin, 11. 

20(' 

Deutsche Leg., 21^.7. 1. 277c 
Devarda's alloy, 11. 70S(/, 66 in ; 
HI. 567b 

Developer O, IV. 140c 
Devil ln|Ui)r, I. 318c 
Devil's (‘otton, I. 4c 
“ Devils Dung,” I. 108(f 
Dewaxing oJ «nl.s by D icldoro- 
(‘th.vlene, I. 103c 
Dextraxi, 111. 567c 
Dextrin formal ion. II. U2(/ 
Dextrine, II. 2S2b : HI. 567r 
— , limit', I and ii. 111. .76Sb 
” Dextrine, stable,” III. .760( 

" Dextroform" 111. 571(z 
Dextrose (glucose, (/-glm osc), 
II 2S2b, 28 1(1, 2S1K( 

■ , rel.dmn. (o cellulose, II. 
i:.7(( 

Dhak. II. 157(/ 

Dhurrin, II. 183(/; III. 571« 
Diabase, 1 1 . .3 1 lb ; lll.571(( 
Diabetes 1 1 1((, 10(l(/ 

“ Dtabetin,” III. 571b 
Diacetamide, 1. 60b 
Diacetin, I. 60b 

as ]ilasl iciser, H. I I8r 
Diace tonamine, I. 08(/ 
Diacetone alc^Oiol, I. 66(^ 

- , catalysed decom|M»sitioii, 
VI. 2.72b 

in film dopes, II. t ISc 

lacquers, il. 170b 
, speci Heat ion, 11. 172b 
-cyanohydrin, 1. 08(y 
Diacetyl, I. lOb ; JH. 571b 
Diacetyldioxime (.sec aLso Di- 
metliylglyoxinie), JV. 5tl 
Diacetyl in butter, II. 1 03c; 
V. 306tt 

food, II. 80c, lt)8b 

Diacetylenes, JH. 571b 
Diacridines, 1. 130b 
5:5-Diacridyl, I. 130b 
Diacridyl dimetliondrale, I. 
130c 

'‘Dial" I. 623a ; HI. 573a 
Diallage, III. 573a 
Diallyl, 11. 136(/ 
Diallylaniline, 1, 2.77c 
Diallylbarbituric a(;id, .7:.7-di- 
bromo", ]. 623a 

5:5-Diallylbarbituric acid, 1. 
023a 

Dialuric acid and derivs., 1. 
623tf 

isoDialuric acid and derive., 
I. 626a, b 

Diamine dyes, IV. 2106 


Diamines, aliphatic, I. 31 4r 
- aromatic, 1. 3ir)<: 

Diamond, 11. .300a ; HI. 573a 
“ as abrasive, I. 3d ; III. 378b 
'Diamonds, Marmorosch,” 
and ” Maturn,” V. 514a 
Diamorphine hydrochloride, 

I. 63(i 

o-Dia nisi dine, 111. 578c; IV. 
12(1 

Dianthracene, 1. 384d . 

Dianthranol, I. 432b ' 

Dianthranyl, 1. 432b 
— , 2:2-diliy(in)xy-, I. 213b 
1 :2 -Dianlhraquinonylamine , 

1. 206b 

Dianthraquinonyls, I. 11 Df 
Dianthrimides, J. 420a. 
Dianthrone. 1. 132b 
Diaphorase, V. 33((. 31b 
“ Diarsenol" HI. 578if 
“Diaspirin," 111. 578(f 
Diaspore, J. 264r ; JJ. 2.7c ; 

111. 579a : VI. lOlb 
Diasporite, HI. .770(t 
Diastase {.^rr alsa Amylase ; 

Brewing), II. 76b, 208(/ 
Diatomaceous earth, din- 
ioniite. 111. 579(r ; IV. 
230b 

1:4-Diazine, I. .76 (b, d 
Diazoacetato, elhyl, HI. 31)0a 
Diazoacetic esier, catalytic 
deiMuiiposil ion, VI. 251c 
Diazoacetone, HI. 600b 
Diazoamines, .alqiliat ic. - aro- 
matic, 111. .700c ^ 

, aroirjfit ic. 111. .70.7(/ 
Diazoaminobenzene, HI. .70.7(/ 
Diazoamino-compounds,] 1 1 . 
.780c . 

Diazoaminomethane, 111. 

:>md 

Diazoamino-p-tolueno, HI. 

.50(ic 

Diazo-anhydridos, HI. .7'07d 
-»ui(hrii.mlic acid, HI. .703(1; 
Diazobenzene, see. also under 
Diazo-conipoiiiids ; Diazo- 
nium compounds. 

-liydrate or hydroxide, HI. 
500c 

Diazobenzeneimide, I, 781 (' 
Diazobenzenesulphonic .icid, 
302(/; HI. r)02(/ 
Diazocamphor, JI. 24.7b 
DiazO'Components, HI. 383b, 
.787b ; fV. 150d! 

— -comjiounds {see also under 
Diazobcnzeiie ; Dnizo- 
niiim), 111. 5806; IV. md 

, anfi- andsyn-, HI. 30Ia 

, aliphatic, HI. 508d • 

- - — , cyclic, 111, 502d 

, light-sensitive, II. 432c ; 

III. 5S0d 

- — , metallic derive., III. 
307a, 000b 

- — , prepn., H. 420a 

' — , stable, solid or paste, 
III. 589b ; IV. 231f 
, stabilised, in photo- 
graphy, III. 588d 

- - — , stereochemistry, III. 

.791 a 

- -coupling process, IV. 198d 
Diazocyanides, III. 380c, 597(f, 

598a • 

Diazodinitrophenol, 111. 600c 
Diazoethane, HI. 600a 
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Diazo-g^oup , misrt! J I h n ro us 

subBiitutioiiH, III. uhOrf 

— - — , reduction, III. 

, replacement by hydro- 
gen, II. 584 r/ 

— - — , Biilphur r)r sul- 

phur-contfi ining ra d i ca Js , 
III. 58fla 

— - — , the (lyanaU- or 

c^-^anide radical or Jiy halo- 
gen, II. •\2\)a ; III. 

, nitro- or 

nitroRO-ra.dical, fll. 5806 

— - -hydiateB, 111. 5 S()?j 
Diazohydroxides, III. 58(i6 
Diazoic acids, aioiuatir, ITT. 

.5Vl7d 

p-Diazoimides, Hi. HiMc 
Diazoimines, cyclic, 111. 

— from 0-, p- and pcri- 
diamines, III. .5S0r, M‘Sh 

p-Diazoiixiinobenzene a n d 

deriv.s., HI. 5i)lr 
Diazomethane, 111. 
Diazomethanedisulphonic 
acid, III. d00f> 

Diazonium nrylsulphinatcs, 
III. r>81c 

— anrichlorirles, HI. 581/> 
-azidoa, HI. 581/; 

— borofluoridcs, HI. .581c 
' carbonalcH, HI. 5816 

— chroin/ites, HI. 5816 

' -- coTiipourlds, src alno nnd('r 
DiaZiobcii/iime ; Dj.'izo-com- 
pounda 

— — , aroTTiHtu;, constilidion, 

III. 5006 

r('actioii.s. Hi. 5886, 587rr 

— ■ coloui’cd, HI. 5p]c 

— - — , cnupling, HI. 5876 

, olecirolvlic propn., HI. 

588;7 

from hydra /.UK'S, HJ. 

5H3fi 

, inlorchaijgo of groups in, 

HI. 588ffl 

int.crnal, III. 5n2f7 

— non-aromatic, III. 5!llr/ 
, 'i.sooxazole series, 11. 

5026 

— , pyrazole scries. III. r>P2a 

fcrncyanide^s, I IT. 5816 

— fluorides, HI. 5816 

— nitrites, IH. 5816 

— nitroprussides, HI. 5816 

— perch lorat.ea. Til. 5816 

— phosphomolvbdaics. HI. 

681c 

— phosphotiingstales, HI. 581c 

— picrates, 111. 5816 

— platinichlondcs, 11 T. 5816 
plumbichlorides, 111. 5S2c 

— salts, HI. 5806, 582c 

— stjinni chlorides. HI. 5816 

— sulphonates, III. 502r/ 

— thioaceiai^^s, 1 H . 58 1 c 

— thiosulphates, HI. 5816 

— tun^tatos, HI. 581c 

— zincichlorides, HI. 581c 
Diazo-oxides, HI. 5806 

— - — , aromat ic. III. 504qi 

— - — , binuclear, HI. 507o 
2-Dlazophenol, 4:0-dinitro-, 

111. 600c 

Diazo;0-BemicarbazineB, 111. 
5d0d 

Diazosulphides, Ilf. 580c 
Dlazosulphonates. III. 580c 
— , syn- and anti-j III. 506c 


Diazosulphonic acids, sve 
Diazonium sulphonates. 

, potassium salt^s ayn- and 

anti-. III. 598d 

Diazotates, syn- and anti-, HI. 
5806, 591c 

Diazotisation, III. 580c 
— , special methods, IV. 237c 
— , velocity, HI, 582c 
Diazotising agents, HI. 582c 
“ Diazotype " pludographic 
paper, III. 500a 
Diazoiiracil, reaction with 
sucrose, 11. 3006 
Dibarbiturylalkylamines, 1. 
2106 

Dibenzanthracene, carcino- 
genic action, H. 37Hd 
Dibenzantbrones, i. 4l4ri, 
424 a 

isoDi^enzan throne, T. 414a 
Dibenzantbrone v;i.t dyes, J. 
20fio 

oo'-Dibenzil, IH. BOOd 
Dibenzopyrenequinones , I . 

4206 

Diborane, H. tOd 
Diborate, sodium, see Hor.-iK. 

“ Dibromin,'' 1. 02.3a ; I H. 600d 
Dibromoethane, -see Ethylene 
dihromide. 

Di-z^obutaldebyde, H. 1576 
Di-f5obutylacetoacetic acid, 
ethyl ester, 1. Old 
Dibutyiamines, H. 1706 
y-Di-n-butylaminopropyl p- 
a,rninohenzoate, H. 17!>6 
Diz5obutylnitrosamine, H. 
17(ic 

N :N -Dizsobutyloxamide, 1 1 . 
1 75d 

Dibutyl ])lilhalate, spccilica- 
t u»n, 1 1. 472c 
Dibutyraldine, 11. 1570 
Dibutyryl penixido, H. 18<la 
Dicarbazyla, H. 270a 
Dicarbocyanines, .s- and as-, 
HI. 52(ia 

Dicarboxylic a<id.s, HI. 600d 
ot-Dicarvelone, H. H»76 
Dicentra sp/;., 111. 0016 ; VI. la, 
Dicentrine, 111. 6016 
Dichloramine T, 111. 306, 601d 
2:5-Dichloroaniline. II 1. 601d 
Dichloroetbylene, 1. 10 la 
aa'-Dichlorohydrin, VI. 07 d 
Dichlorohydrin in lactpiers, 
H. I78d 

Dichroite, III. 602a 
Dichromates, reactions and 
detn., see ('hroniiites ; 
Clironiiurn. 

Dichromated gelatin, see (Jela- 
t iii, bichroiuated. 
Dicincbonicine. ill. lOld 
Dicinchonine. 111. 128a, lOld 
Diapocinebonine, III. 102a 
Dicitronelloxide, ITT. 101a 
" Di~citurin” III. 602a 
Dickite, HI. 190a, 602a 
Diconqu^ne, ITT. 1286, 102a 
Dicresylin in lacquers, II. 47 8d 
Dicrotyl, 11. 150d 
Diisocrotyl, II. 150d 
Dictamnine, 111. 6026 
Dictamnolactone, HI. 002c 
Dicyanine, III. .51 7d 
i/i-Dicyanines, HI. 5l0d 
Dicyanodiamide, 111. 602d 
Dicymene, HI. 539a 


“ Didiai:^ HI. 603c 
Didymium in cerite, II. 507a 
Dieckmazm reaction, H. 3(10d 
Diels-Alder reaction, II. 152d 
Dielectric constant, TI. 7096 
Diene reaction of fatty oils, JV. 
826 

— aynthcvsis, 1. 20Sa 
“ DienoW' IV. 87a 
Diesel oil, HI. 423d 

— fuel production, H. 42 5d 
Dietbylacetic acid, II. 271c 
Diethylaniline, HI. 603d 
Dietbylacetoacetic acid, ethyl 

ester, I. Old 

Dietbylamine, IV. 355a 
- fijS'-dianiino-, IV. 370d 

— from acetylene, 1. Sir 

Diethyl-m-aminophenol , H J . 
603d 

Diethylcarbinol, I. 350d 
Diethyl carbonate, in laequei^s, 
11. 4706 I 

— - catechol (‘Hier, 11. 4316 
Diethylchloroamlne, IV. 3556 
Diethyl compounds, see alao 

wader lather; Ethyl. 

— cyariurale, IV. 30 1 a j 

— i.sacvaiiurate, IV'. 130 16 
Diethylcyanuric a cill , IV. 301a 
Diethyl z 5 ocyanuric \acid, IV'. 

3016 

Diethyldiphenylurea, 11. 480c 
Diethylene bromohydrui, IV. 
379a 

' clilorohyilrin, JV. 378d 
Diethylenediamine, IV. 370r 
Diethylene dinitrate, IV. 379a 

— - (iioxich*, I V'. .380c 

(lisulpl)i(le, IV. 380d 
gl> ( nl, 1 V. .378d 

rnonoethyl <‘thei‘, 1 1, 282a 
“Diethylene triaiuine,” IV. 
,37t;d 

Diethyl ether, /fi9''-dil!vdiox\ -, 
l\\ 378d 

a5-Diethylhydrazine, IV. 3026 
s-Diethylhydrazine. W. 302c 
Diethylhydroxyl amine, aj9- 

and Pfi-, 1\'. 303a 
Diethylidene hydrazine, IV'. 
382a 

Diethylmethylacetic acid, Xl. 
205c 

Dietbylnitroamine, IV. 3556 
DiethylzsonitroEUXiine, IV. 

35.5r 

Dietbylnitrosoamine, IV. 

35r)r 

Diethyl orthophosi)hate, lA^. 
300c 

- iieroxidc, IV. 3006 
-- phosphite, IV. 307a 

Diethylphospboric acid, IV. 
300c 

Diethyl phi h ala t o, specifica- 
tion, H. 472c 

- jiyropliosphate, IV. 360d 
Diethylpyrophosphorous 
acid, JV. 3076 
Diethyl selenate, TV. 307c 
-- selenite, IV. 367d 
“ DiethylstilbcBstrol," VI. 
2726 

Diethyl sulphate, IV. 368d 
" sulphide, IV. 370a 
, fijS-dicliloro-, in gas war- 
fare, IH. 8c, 116 

, — prepn., detec tiou and 

detn., IV, 371a 



Diethyl hulphino oxide, JV. 
3706 

— Bulphil^;, IV. 3006 
Dietzeite, 111. 604ri 
Di-isoeugenol, 1V^ 300r< 
Difference fipuro of ni.p. of 

faf-K and fal l v acids, 1 1 . I S.j6 
Diffraction method (d delor- 
miriing interatomic dis- 
tances, VL .^)02r 
Diffusion, lir 6046 
— , anomuJoiis, HI. 0076 

— batleries, IV. 5006 

■ - coerficieuts in mol. wl. detn., 
111. OOOd 


of leases tliroiiph iiu’ImIs, III. 
00.56; VJ.OiMd 
liquids and soliiles, IJl. 
000ft 

.solids, I II . 0(l7r 

Diffusivity, thermal, V. 5156 
Diflavone, \. 25S6 
Diflavonol, \'. 202ft. 
Digalacturonic aeid in aiqde 
ptictin, 11. 20S« 

m-Digallic acid, IV. 1ft ; \*. 
AUd 


p-Digallic acid, IV. \a 
Digermane, V. 522ft 
Digesters, VI. 21ft 
Digilanides A, II and II. 
3H5ft 

Diginin, II. 38 la 
Digitalin, IT. ,38 Id 
Digitaline cn.stahsi'v (Ihpi- 
toxm), 11. 3S Ift 
Digitalis glycosides, TI. ,3S.3(/ 
Digitalis purjmrra, I), .vp/j . II. 

3816, 385ft ; VI. SSd. !»7ft 
Digitalose, II. 288d, 381 d ; 1\'. 

1ft 

Digitogenin, \ 1. S7d 
Digitonin, 11. 38 la; \ 1. 87c 
— lest for sterols in lull lei, 11. 
lOOd 


Digitoxigenin, II. 382ft, ,3816 
Digitoxin, II. .38 1ft 
Digitoxose, H . 28,86, 38 1 c, 3s 1 6 ; 
IV. 16 

Diglycerin, VI. 7(ir' 

Diglyceryl el her, VI. 70( 
Digoxigenin, II. 382ft 
Digoxin. U. ,385ft 
Diheptylacetoacetic acid, 
ethyl ester, 1. Old 
Dihydroacridine, J. 125f/ 
Dihydroanthranol, 1. 132ft 
Dihydrobrazilinic acid, II. 

7na 

Dihydrocarveol, 11. 105c, 1076. 
IV. 16 


— , reduction, H. 40, )c 

neoDihydrocarveol, IV. 2ft 
Dihydrocarvone, 1\'. 2ft 
Dihydrocarvylamine, IV'. Ic 
Dihydrocedrene, 11. HOd 
Dihydrocholesterol, HI. 806 
Dihy drocinchonidine , I H . 

Dihydrocinchonine^ 111- 1 ^I2d 
— ^ a-chloro-, HI. 1.55d 
Dihydrocinchotoxine , HI. 

103c 

Dihydrocitronellal, HI. lOld 
Dihydrocodeinone, hydroxy-, 
hydrochloride, IV^ . 3926 
Dihydroconessine, III. 324® 
Dihydrodianthrone, I. 4326 
Dihvdroereniophilone, hy- 
droxy-, IV. 324ft 


INDEX 

Dihydroergosterol, 22:23-, 11. 
203ft 

Dihydroeserethole, H. lOltd 
D^ydroeucarveol, I\'“. 301c 
Dihydroeucarvone, IV. 3!Hf/ 
Dihydroeugenol, l\. 31UI6 
Dihydroflavone, II. 5 1 On 
Dihydroeuaiol, VI. 1126 
Dihydrohexaborano. I. tOr/ 
Dihydrohuniulene, amino-, H. 
KMIft 

Dihydroionone. III. 102ft 
Dihydropscudoionone . IN. 

102ft 

a/J-Dihydroionone, IV. .5SMft 
Dihydromorphinone hyilro- 
cldonde, 1\'. 4c 

Dihydropentaborane, II. lod 
Dihydrositosterol in hran, H. 

006 

nee, II. I03d 

Dihydro-a-terpineol, IV. 3ft 
Dihydrotetraborane, II. lod 
Dihydrothujaketone. IV. .3206 
2.6-Di-iodophenol, VI. 207c 
“ Dika hn^ad,” IV. la 
p-Diketocamphane, H. 212c, 
2176 

reduction. II. 210ft 
oi/9-Diketohydrindene, V'l. 
3006 

ay-Diketohydrindene, V'l. 

.300c 

Diketopiperazines, 1. 3216; 
VI. 73ft 

Dilatometer, IV 46 
“ Dilaudid," IV. 4c 
Dilccto," IV’ 4c 
Dilituric ,icid. I. 027ft 

, mel In I-, .ind dimel liyl- , 
I. 027d, 028ft 
Dill, IV. 4. 

- od, I. 371c ; I'V’. 5ft 

, car\oiw III. II. 1006 
■ Dimodon. ’ I. I Sir/ ; IV. 5ft ; 
V. 208ft 

Dimethyl ( see rd.so ICI liane ), 1 V’. 
3636 

Dimethylacetoacetic acid, 

elhvi i*s1er, 1. Old 
3.4 - Dimethylacetophenone 
from camphor, II. 21 2d 
3.7 - Dimethylacridine , 2:8 - 
diammo-, Jiydrocliloride, I. 
131c 

Dimethylacridine, diJivdroxy-, 
1. 12.5ft " 

2:8 - Dimethylacridinium 

cldoridi* (iiroflavine), 1. 
134ft 

Dimethylacridinium nitrate, 
himine.s( enee, IH. 23d 
a.9-Dimethylallene, I. 2t0c 
5-Dimethylallene, I. 2I0c 
Dimethyl - m - aminocresol, 
Capri Blue from, Tl. 2716 
Dimethylaniline, 1V\ 56 

- , p-mtroao-, II. 2716 
Dimethylanthraquinones , 

1:2-, 1:3-, 1:1-, and 2:3-, 
syutlie.ses, I. 402c 
3'.3'-Dimethylbenzidine, IV. 
12d ■ 

Dimethylbenzylcarbinol ,1V. 
5c 

Dimethylbutadipne, II, 15.5ft 
afi-Dimethylbutyric acid, JT. 
271d 

Dimethyldiacetonamine, I. 
OUft 
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NN -Diniethyldiacridylium 

salts. J. 130c 

5:5 • DimeUiyldihydroresor- 
cinol. sve " l>ivwdon." 
Dimethyldiketopiperazine, I. 

17 Ift 

3:3' - Dimothyldiphenylme * 
thane. 1:4 ' - dimet In Idi - 
amino-. IV'. 5d 

Dimethyldiphenyluroa , II. 
I80d 

Dimethylethylacetic acid, H. 
27 1 d 

1:2- Dimethyl - 4 - ethylben- 
zene from ciim]dior, 11. 

2 1 2d 

as-Dimethylethylene, II. 177c 
5-Dimethylethylene, Jl. 1776 
Dimethylethyleiiediamine, 

II. 1786 

s-Dimethylethylene oxide, 11. 
1706 

Dimethylglyoxime, IV. 5d 
itMgenI lor nickel, II. 5786. 
012c, 0726; IV. 06 

- ol her metals, IV'. 06 
5:5-Dimethylhydantoin, VI. 
202c 

Dimethylhy droquinone , I V^ 
6d 

l:3-Dimethylindole, ,5-hy- 
(lrox>-, 11. 100c 
Dimethyl Ud'orn*. 1. 65d 
Dimethylmethoxyphenol, IV. 

7ft 

Dimethylparabanic and, 111. 
02d 

3-7 - Dimethyl - 5 - phenyl - 
acridine h.v ilrochloride, 
2:H-di.'iTniiio, I. 1.326 
Dimethylphenylpyrazolone 
iiK'rcury suli>hammate, I. 
405d 

7ot-Dimethylpropionic acid, 
Jl. 271d 

Dimethylstibine hromide and 
chloride, 1. 43 Id 
cy.'inide, 1. I.34d 
oxide, 1. 431d 

Dimethylstibinic acirl, 1. I34d 
Dimethyl .succinoniti'ile, IJ. 

1 786 

- suliiliate in chemical war- 
fare, 111. lOc 
, pn'im., IH . ID’ 

Dimethyltriazene, HI. 500r/ 
Dimethylxanthine, 1:3- and 
3:7-, 11. 107d. c 
" Dimol,” IV’. 7ft 
Dinaphthazines, 1. 567c 
Dinitroanthraquinonee, ]. 
301ft 

Dinitrobenzenes, 1. O'^a, 

077ft 

Dinitrochlorohydrin, IV. 7ft, 
242c 

Dinitroglycerin, IV. 40 la 
Dinitroglycol, IV. 37nd, 480d 
“ Diocatne," IV^ 76 
Dioctylacetoacetate, ethyl, 1. 
0.5tt 

" Dioform:' IV. 76 
" Diogen," IV. 7c 
" Diogenal,*' IV. 7c 
Diolefines from acetylene, 1. 
856 

" Dionin"' IV. 7c 
Diopsid^ HI. 573o ; IV. 7c 
Dioptase, HI. 311c, 355f/ ; IV, 

7c 
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DioHte, II. 3146 ; III. 571a ; 
IV. Id 

Dioicorine, IV. 86 
DioamdUn, IV. 8n 
Diosmin, IV. 8c ; VI. 876 
Dioaphenol, TI. 120c ; IV. 8c 
— , formation, II. 

Dlcnan, IV. 380r 

— in lacquers, II. 478d 
Dloxine, IV. 10a 
Dioxorea ftpp., IV. 10a 
Dioxyconessme, 111. 324a 
Dipentene by-product, II. 

250c 

— from carene, II. 388d 
, occiiiTPTice, III. 183c 

— , nitroso-, TI. 4076 
Dipeptidase in brewing, II. 
88c 

“ Diphenair IV. 10a 
Diphenanthrazine , I. HO.jd 
Diphenazine, I. 504^7, 505(7, 
3(i7a 

Diphenols from phenol, II. 

305a, 307a 
Diphenyl, IV. 10a 
Diphenylaznine, IV. 13a 

— , p-ainino", IV. 14(7 

--- arsenious chloride, 111. 1 Ic 

— as stabiliser, IV. 520c 
chloroarsine, in warfare, III. 

Oa 

— , colour reactions, IV. 1 16 
— , detn., TV. 533a 

— , 2:4 -dinitro-4 '-hydroxy-, IV. 

76 

— from phenol, II. 307a 

— hexanitro- (,s-hexaiiitro-), I. 

549c ; TV. 14(7, 4S0a 
1- and 4-nitK)-, TV. 14c 
-, pyrolysis, TI. 278c 

— Bulphonic acid, Ha sail, a.s 

indicalor, VI. 4307 j 
D phenyl, arnino-dcrivs., IV. 
11c 

— , 2-amino-, pyrolysis, II. 278c 

— as heat transfer agent, 

IT. 3056 

— -bisdiazonium chloride, TIT. 

582a 

Diphenylchlor oar sine , IT. 

256 ; III. lie 

— in warfare, III. 8c, 1 Ir 
Diphenylcyanoarsine in 

chemical warfare. III. 0(7 
— , prepn.. III. 1 Ic 
Diphenyl, 2:2'-diaminO’, c.-ir- 
bazole from, 11. 278c 
— , diaminohydroxy-, TV. 10a 
Diphenyldimethylolid group, 
IV. 14(7 

Diphenylenemethane, IV. 
^ 156 

Diphenyl ether from phenol, 
II. 305a 

Diphenylhydrazine, VI. 30 Ic 
Diphenyl, hydroxy-, from 
phenol, JI. 3056 
Diphenylznethane, IV. 156 
— , 4:4'-dimethy]diamino - 3:3' - 
dimethyl-, IV. 5d 
Diphenylmethanedimethyl - 
dihydrazine, TI. 203c 
Diphenylmethane perfume, V. 
510a 

Diphenylmethylolid, penta- 
hydroxy-, IV. 277(7 
Diphenyl, octahydipxy-, IT. 
I05a 

Diphenyl oxide, IV. 16c 


Diphenyl oxide, as heat trans- 
fer agent, 11. 3056 
, periume, V. 519a 

— pht^late in lacquers, II. 

472c 

Diphenylpolyenee, II. 3986 
Diphenyls, chloro-, as heat 
transfer agents, IV. 1 Oc, 1 la 
Diphenylstihine chloride, I. 
433c 

Diphenyl sulphide, liexanitro- 
IV. 484c 

Diphenylsulphone, hexanitro-, 
IV. 484(7 

as-Diphenylurea, 1. 172a ; IV. 
14(7 

Diphosgene in chemical war- 
fare, III. 86 

1 :3-Diphosphoglyceric acid, 
VI. 78a 

“ Diplosal” IV. 16c 
Dippers oU, I. 327(7 ; II. 29r 
“ Dipropssin” IV. 16(7 
Di-isopropenyl, TI. 15.5c 
Dipropylacet^, IV. 382(7 
Dipropylacetoacetic acid, 
ethyl ester, I. 04(7 
Dipropyl ketone, II. 181(7 
Dipterocarpus spft., VI. 150c 
Dipy, III. 328c 
Diquinicine, 111. 102a 
Diquinine carbonate, 1.4006 
Disaccharides {sre also Clly- 
cosides), IT. 2086 
Disacryl, 1. 1306 
“ Disaloir IV. 16(7 
Disazo -acid- wool dyes, TV. 208a 

— “ benzidine ” dyes, IV. 210(7 

— dyes from .stilbene, IV. 221a 

— mordant azo-wool dyes, TV^. 

- 213a 

Discharge styles in textile 
printing, IV. 181(7 
Discrasite, 1. 4407 j ; JV. 16(7 
Disinfectant action of metals, 
J V. 24(7 

, broniidine, IV. 226 
-, Burnett’s fluid-, TV. 21a 
, “ ('amphortar," IV. 30a 
, “ CafadpUj^' IV. 21(7 
-- , chloralum, T^''. 246 

chloride of lime {sre also 
Bleaching powder), IV. 20r 
, “ Chloros,'' IV. 20(7 
— , “ Dc-Chlorr IV. 216 
, “ Elertrozone” IV. 216 
, Oxychloride," IV. 20(7 

— , pinol, IV. 31a 
Disinfectants {see, also Anti- 
septics ; Food preserva- 
tives), IV. 16(7 

, acids, iV. 236 

— , alcohols, IV. 266 

— , aluminium chloride, IV. 246 
, arsenic compounds, IV. 24c 

, black, IV. 33(7 
, boric acid, IV. 20a 
, bromine, IV. 206, 226 
— . carbolic acid, II. 308c ; IV. 
296, .32a 

, carbon dioxide, IV. 23o 
, — disulphide, TV. 20a 
— , Chick-Martin test, IV. 32c 
, chlorinat-ed phenol, IV. 34a 
, chlorine, IV. 206 

— , — peroxide, IV. 226 

chromic acid, IV. 24c 
— , coal-tar, IV. 206 

— cyanogen, IV. 236 
— , fluorine, IV. 22(7 


DisinfectantB , formalin (see aha. 
Formaldehyde), II. 297c, 
8066; IV. 28c; V. 297c, 
3226 

— , halogen, IV. 20a 
— , hydrocyanic acid, IV. 236 
— , hydrogen peroxide, IV. 19a ; 
VI. ,340(7 

hypochlorites, IV. 206 
— , hypochlorouq^acid, IV. 21(7 
, iodine, IV. 22c 
— , lime, IV. 24a . 

— , manganates, IV. 246 

, mercury compounds, IV. 
2.5c 

— , nitric acid, IV. 106 

- - , nitro-aromatic compounds, 

IV. 30c 

— , nitrogen oxides, IV. 196 
— , ozone, IV. 18c 
— , parafoitn, parafoi-malde- 

hyde, IV. 26(7 , 

— , permanganates, IV. 246 
— , persulphatcs, IV. ^Oa 

, ])li«no1, see Disinfectants, 
carbolic acid. \ 

— , RidenJ - Walker tfest, IV. 
31(7 \ 

, silver nitrate, IV. 2oa 
, sodium hydrogen sulphate, 
IV. 20a \ 

, substituted diphenyl com- 
pounds, IV. 34a 
— , sulphur, IV. 196 

sulphuric acid, IV. 19(7 

- , testing, IV. 31c 
— , white, IV. 33(7 
Disinfection, mechanism, IV. 

17a 

" Dispargen," IV. 34a 
Disperse phases 111. 2796 

rule, 111. 2926 

Dispersing agente, 11. 391a, 
427c ; III. 280(7 
Dispersion of cellulose, 11. 
4596 

“ Dispersal,'' I. 40(7 
Dissociation, electrolytic, 11. 
536c 

- of molecules, II. 531c, 537c 
“ Dissociations ” in acid -base 

reactions, VI. 24 Sc 
" Dissolving Salt B" IV. 180r 
Distempers, II. 4156 ; IV. 
303a 

— , borax in, II. 50(7 
— , casein in, II. 4146 
Distihonic acids, T. 4376 
Distillation, IV. 346 

- and relative volatility, IV. 

43c 

- , binary mixtures, IV. 41(7, 
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-, Coffey still for spirit, I. 176(7 
— , flash, IV. 346 

, fractional, IV. 396, 486 
, laboratory, IV, 346 
of ttcetone-chlorofoim mix- 
tures, IV, 40c 

- alcohol-water mixtures, 
IV. 396 

- azeotropes, IV. 38c, 40a, (7, 
46c 

under reduced pres- 
sure, IV. 416 

benzene- toluene mixtures, 

IV. 436, 49(7 

-water mixtures, IV. 

37a 

binary mixtures, IV. 41 d 



Distillation of completely 
miscible liquids, IV. Slid 

conjugate aolutions, IV. 

37c 

ether- water mixtures. IV 

36a, 46d 

liquid oxygen - nitrogen 

mixtures, IV. 12c 

partly miscible liquids, 

IV. 38c - 
- partial, IXT 50a 

with partial condonsation, 
ly. 49c, 51a 

Distribution number of a ritho- 
cyaninH. III. 341/> 
Distyrenes, IV. 51c 
“ Disulphamin,** IV. 52b 
Dita bark, I. 263a 
Dltaine, 1. 268b 
Ditamine, I. 263a 
Di-n-tetradecyl ketone, 11. 
183tt 

1 :3-Ditetrazolyltriazene , V J . 
llOd 

l:4-pithian, IV. USOd 
Ditkian met luodide, IV. 371c 
Dithiol for tin detn., IJ. 673a : 
IV. 52b 

Dithionic acid, iletn., viilu- 
uietrii', II. 6()7b 
Diufortan, nco Diurotin. 

Diuretin," IV. 52c 
“ Divers’ ImmuIs,” ludiurn in 
IfCNit inenl', V’^T. lIMIc 
Diver sine, TV. 52c 
Divi-divi. IV, 52d, 27()(/ 
Divinyl, 11. lolb 
aeid ylene, 1. S7c 
s-Divinylethylene glycol, 11. 
156b 

Dixanthogens, V. 267 b 

Djavd fid, I. (i.^oa 

D.N.T. (dindrololui'iie), IV'. 

I6(ic. 16!fb 
Dobby, V. 156?! 

Docimasy, JV. 53a 
Dodder oil, II 237a 
Dodecylene, li. 177r/ 
Doelterite, 1. 

Dofler web, V. 1 17c 
Dog-tooth .spill', IT. 203c 
Dolerite, 1 1 1 . 57 1 a ; I V. 53a 
Dolomite, li. 2()la ; 1V^ 53b 
— , doroin[)o.sil ion, II. 321c 
- - for glassniiiking, \^ 560c 
-rock, IV\ .51a 

.spiir, IV. r)3c 

Dolomitisation, TI I. 36Ia ; IV. 
51b 

Domesticine, IV. 55a 
fsoDomesticine, IV. 5.5a 
Domestine, IV. 5.5a 
Domeykite, IV. 55b 
Donaxine, VI. 125c. 463c 
Donnan’s membrane - equili- 
hi'iii. III. 288c 

Dopa, eijiulibria (/-3:4-ddiydr- 
o.xypheriylalanine), 1. 317f/ ; 
IV. 55c 

Dop brandy, II. 63c 
Dorema ammoniarum, I. .856f 
Doremol, JV. 55c 
Doremone, TV. 55c 
" Dormigene," IV. 55c 
“ Dormiol,” IV. 55d 
Dorr agitator and ttiickener, 
IV. 572a, c 

_ bowl classifier, VI. 108d 

•‘Doryl," HI. 94a 
Ddss, IV. 55d 


INDEX 

DoBsetin, IV. 55d 
Double layer of colloid par- 
ticle.s, HI. 284a 

Doubling ami twiatmg, V. 151a 

Doubly-refrac ting-spar, II 

203c 6 . XX 

“ Douci7." VI. 144c 
Douglas powder, IV. 556b 
Dowmetal, J. 2i5.5d 
Downs eleid roly tie cell, HI. 
57f/ 

Dracaenic and, IV. 5n« 
Draconic and, JV. .56a 
Dracorubin, IV. 56a 
Dracyl, IV. 55d 
‘ Draff, ” H. o.i,- 
Dragendorff's ivagnif. I. 235c 
Dragon’s Rlood. I\'. 55d 
Drawing of candles, |I. 26.5c 
Drechsel’s extraetor, J V. 577c 
Driers, IV. 01 b 
— , eerjuiu in, 1 J. 51 la 

- for gases. I\\ 70// 

Drikold," IV. 56a 
Drop gum, IV'. 56a 

reaetion.s {tiff also inidrr 
cleineiils and radicals), TJ. 
.570c 

, bibliography, 11. 5S2c 
reagenlK, V'T. 425// 

Drosera whiUdkrri, TV. 56b 
Droserone, IV. 56c 
, hydroxy-, IV’. 56c 
Druggist’s b.irk (niiehoiiii). 
Til. 128// 

Drumme, IV’. 56// 

Dry eN-juiing, IV. 57a ; IV'. 68/r 
, (Mi-bon lei i.iehlorkb' in, 
Jl, 3.56a. ; IV. 57b 
- solvents, te.st.s, IV'. 57// 
willi t rieJi1oro(‘l li vl(Mie, I. 
103b; IV. .57b 

Dryer, revolving plale, IV'. 60/- 

- -- rabble, IV. 60c 
Dryers, agitator, TV'. 73b 

, bam I, IV’. 77b 
. coiiijiartmoid, TV’. 62// 

, double .shell roUii y, IV’, 66/’ 

, drum, IV. 74 c 
for mateikits in li-ng( lis, IV. 
70// 

Dryer, single cylin/ln- paper, 
IV. 72b 

— , — shell rotary, JV. 66a 
Dryers, rolary, I V. 6.5c 
Hpray, IV. 75// 
tumbler, IV. 68a 
tunnel, IV. 02a 
turbo, IV. 72// 
vacuum, TV. 62c 
vertical, IV. 68b 
Dryer, vacuum band, IV. 78a 

— , - pan, IV. 73c 

Dry gases, reactivity, IV. 80b 
"Dry ice ” (see also **Jfrikold ”), 
11. 324//, 326// 

Drying (sec also Deliydration), 
IV. 58a 

- appaTatu.s in arialysiK, 11. 

542b 

by drainage and settlement, 
IV. 58c 

— evaporation, IV. 60/i 

- — pressure, IV. 59a 
, intensive, IV. 79c 

— of fatty oils, reactions in, IV. 

92b 

- oils, see Oils, drying. 

— on tentering maeWnes, IV. 

72a 
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Dry liquids, boiling points, IV. 
81a 

Dryopbantin, V. 426o : VI. 
87b 

Dry substances, molt ins points, 
IV. 81b 

-, retarded com bust ion, IV. 
80b 

- — , vapour densities, IV. 8oi 
Duebn, II. 488a 
Dudu-Dudu,’” 11. 523b 
Dufaycolor film, II. 453a 
Duff producer, V’'. 369d 
" Du/cin," IV. 93a 
Dulcitol, 11. 285b, 290// : IV. 
93a 

Dulse, 1. 100b 
Dumasin. JV. 93b 
Dumortierite, 1. 370/' 
Dumoulin’s liquid glue, V. 
506a 

Dung salt or dunging salt, I 
478//; JV. 93b 
Duodecyl alcohol, IV. 93b 
— aldehyde, IV’. 93/‘ 

" Duo/a/; ” IV. 93f‘ ; VJ. Ilia 
Du Pont powder, IV. 5l8a 
Duprene, (U4ini(i(in, IW 93r 
history, J. 74b, 87c ; IV, 87b 
. prepii., J. 80b ; 11. 1.5.8// 
Durain, V’. 351a 
Duralumin, 1. 251//, 277a 
Durangite, I. 261// 

" Durangus," IV. 93// 

" Duranol " dyes, 1. 41b, 205c 
Durene, HI. 530/) 
isoDurene. 1. 66// ; III. 539b 
Durenol, 1 V. 93// 

" Durez," IV. 93// 

" Dunte,*' IV. 93// 

" Durocaine," 1. 360// ; IV. 03// 
" Duron, IV. 93// 

Duropreno, scr Diijirenc. 
Durrha, II. 482/ 

Durum wheal, II. 76r 
Dust, adsnrjitive properties, l\^ 
05// 

rlouds, stability, IV. 97a 
, electrical ignit ion, TV. 96// 

. — properties, IV. 96a 
explosions, I. 100a ; IV. 94a, 
97a, 101 b 

~, precautions against, IV. 

lU3b, 118r/ 
respirators, IV. 100// 
separation by nitration, IV. 
906 

various methods, IV, 

98c 

Dusts, Ignition temperatures, 
IV, 100a 

— , industrial, I. 160a ; IV. 94a 
, particle sizes in, 1. 16Qa ; 
IV. 94//, 98a 

physiological effects, IV. 

um 

" Duxite:^ IV. 1206 
Duyk, IV. 21fZ 
Dyeing, IV. 120/; 

- - cellulose acetate and viscose 

rayon mixtures, IV. 145a 

rayon, IV. I38c/ 

cott/m, aftycr-treatment, IV, 
1316 

and viscose rayon, IV. 

1456 

- - with basic dyes, IV. 132a 
— ,^ircct dyes, IV. I8la 

— substantive dyes, IV. 

131a 
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Dyeing cuprammonium rayons, 
TV. 1386 

— fur, IV. 140a 

— machines, IV. 130a 

— rayon, (see also Acetate silk 

dyes), IV. 1.S76 

, scouring and crOping in, 

IV. 137c 

Dyeings, after-trealrnent by 
diazotising and coupling, 
IV. 131d 

— , dotcciion oC metals (mor- 
dants) in, IV. 173a 
Dyeing silk, degumniing, IV. 
143d 

with azoic dyes, IV. 143r 

Dyeings, mixed, separation by 
adsorption, IV. 174a 

— , - chromatograph ic 

analysis, IV. 174c 
Dyeing, spray, IV. 1406 
Dyeings, spectroscopic analysis, 
JV. 17.% 

— , stripping, IV. 14.% 

Dyeing, theory, IV. 1406 

— union good.s, IV. 144d 

— viscose rayons, IV. 1.386 

— with Aniline Hlack, IV. 1.37a 
azoic dyes, IV. ]32d 

— Indigosol, IV. 1306 

mordant dyes, IV. 130(/ 

Soledon dyes, IV. 1306 

vat dyes, iV. IS.'ja 

— wool and viscose rayon mix- 

tures, IV. 145a 

, carbonising before, IV. 

131)c 

-- chlorinating before, IV. 
1306 

, fermentat ion vats in, IV. 

1136 

, tloodairs process, IV. 

1 lOr 

' — , hydrosulphito vat in, IV. 
143a 

, scouring in, TV. 1306 

with acid dyes, IV^. IHOd 

-mordant dyes, IV. 

1416 

— - azoic ds'^es, IV. 1 4.3r 

chrome dyes, IV. 1416 

Indigosol dyes, IV. 

14.36 

mordant dyes, IV. 1 41a 

Soledon dyes, IV. 1436 

vat dyes, fV. 142c 

Dye printing, IV. 17.5r 
Dyer's Broom, IV. 189a 
— bugloss, I. 236d 
Dyes, acid-mordant, identifl- 
catiori, IV. 1.556 
— , alizarin, acc under Alizarin. 
— eamido, I. 305a 
— , anthraquinone, sec Anthra- 
quinone dyes. 

— , anti-hnlation, in photo- 
graphic films, II. 451c 
— , azo-, see Azo-dyos. 

— , azoic, on cellulosic fibres, 
identification, IV. 1576 
— , — , — wool nnd'silk, identifi- 
cation, IV. 1586 
— , basic, IV. 127a 
— — -mordant, identification, 
IV. 157d 

— , — , on cellulosic fibres, iden- 
tification, IV. l5fio 
— , bottoming, IV. 15^a 
— f detection, in caramel, II. 
2776 


Dyes, direct cotton, com- 
ponents and performance, 
IV. 215c, 224c 

— , , dyeing with (see also 

Azo-dyes), IV. 127a 
— , “ Dispersal,** I. 41a 

— in casein plastics, II. 416d 
plastics, n. 41 Od, 4706 

— •^Lithol,** IV. 236a 
luminescent oxidation, III. 

23c 

— " Monolite,** IV. 230a 

— " Monosol** IV. 230a 

— mordant, co-ordination com- 

])oiinds, III. 3.356 
— , — , in dyeing oi)crations, 
IV. 127d 

' on cellulose acolate rayon, 
identification, TV. 172c 

— — fibres, identification, IV. 

1476 

wool and silk, identifi- 
cation, IV. 155a 

, identification, 

IV. 104d 

— , pigment, IV. 236a 
-produced by oxidation, IV. 
127c 

— , sub.stant ive, on cellulosic 
fibres, identitication, JV. 
1.50c 

— , — , — wool and silk, identi- 

fication, TV. 15.5c 
— , sulphonated, 1. 429o ; VI. 
449d 

, sulphur, on cellulosic fibres, 
identification, IV. 157a 
— , synthetic, in world trade, 1. 

204d, 403c ; VI. 14 7a 
— , topping, IV. 150a 
Dyestims, sec Dyes; Dyeing. 
Dyes, vat, on cellulosic fibres, 
identification, IV. 157c 
— , — , — wool and silk, identi- 
fication, IV, 155(/ 

— , — solubilised, 1. d28d 
" Dymair IV. 239a 
Dynamite (see also Nitro- 
glycerin), IV. 239a 

— cartridges, manufacture, IV. 

230r 

effect of heat, IV. 210a 

— explosions, heat and tem- 

perature, IV. 24 Or 
oxplo.sive power, IV. 2406 
frozen, TV. 24 Od 
gelatine, IV. 211c, 243a 
kieselgubr, IV. 2.396 
low- or non-freezing, IV. 
2426 

iiroperlies, IV. 239d 
Dynamites, ammonia, IV. 2416 
— , arnmouia-gelatine, IV. 2426 
Dynamite, sensitivity, IV. 240a 
Dynamites, non - kieselgulir, 
IV. 240d 

Dynamite, stability, IV. 240c 
— , “ straight,” IV. 241a 
— , sympathetic detonation, IV. 
240r 

testing, IV. 243d 
— , velocity of detonation, IV. 
2406 

Dynobel, IV. 554c 
Dysanalyte, IV. 245a 
Dyscrasite, IV. 245a 
Dysodile, IV. 2456 
Dysprosium, TI. 51]c; IV. 

- acetate, IV. 246c 


Dysprosium acetylacetone. 
IV. 246c 

— biTuiiate, IV. 246c 

— bromide, IV. 246a 

— carbonate, IV. 248c 

— chloride, IV. 240a 

— chromate, IV. 2466 

— cyanoplatinite, IV. 246c 

— ethyl sulphate, IV. 2406 

— formate, IV. 240c 

— hydroxide, Iv . 246a 

— iodide, IV. 246a 

— - nitrate, IV. 2406 

— oxalate, IV. 246c 

— oxide, IV. 245d 

— oxychloride, IV. 210a 
])hosphate, IV. 2406 

— selenate, IV. 2106 

— sulphate, IV. 240a 

— sulphide, IV. 210a 


Earlandite, IV. 2466 
Earth almond, III. 11 9d 
Earthenware, common, VJ. 8d 
Earth, infusorial, kioselguhr, 

III. 579a ; IV. 2396 
Earth-nuts, 1. 454c V 
Earths, active, IV. 24l^d 

— , — , m oil refining, ' contact 
distillation process, IV. 
249d 

, — , , — processes, 

IV. 249c 

— , , percolation pro- 

cess, IV. 219c 

— , — , , pulp contact 

process, IV. 24 9d 

— , — , I’ogt'iicnition, 

IV. 250a ! 

— , {idsorbenl, nchvatidn, TV. 

218c 

r.«re, 11. .507r7, 5116 
— , - , as catalysis, 11. 3506 
— detn., gravimetric!, 11. 
5916 

— , — , qualitative reactions, II. 
55 la, .55()d, 5006, .5026, 

5(!Sc, 5856 

— , — , sojiarations, IT. .514d, 
5916 

— , — , silicales, II. 1.50d 

Earth-wax, II. 500d 

Eau de .lavel, Ean de .ravelle, 

III. 30d, 04c; IV. 20d, 250c 
Labarraqiie, 111. 36d, 64d; 

IV. 20c 

Luce, IV. 250c 

Vie, 11. 02d 

Ebonite, IV. 250c 
Ehulliometer, IV. 250c 
Ebullioscope, IV. 25Qc 
^ccaine, IV. 250d 
Eegonine, d- and 1-, III. 224d, 
225a 

— , benzoyl-, III. 224d 
Echinenone, II. 401d 
Echinopsine, IV. 251a 
Echitamidine, 1. 203c 
Echitamine, I. 263a 
Echujin, 11. 3S7c 
Eckain, IV. 250d 
Eclogite, III. 575d 
E. C. Powder. IV. 618a 


Ecru silk, II. 18d 
Edestin, IV. 2516 
Edtngtonite, IV. 253r 
•• Edinoir IV. 263c 
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Edulcoraiion, IV. 253c 
Edwarsite, 11. 6\2b 
EflloreBcence, IV. 253^/ 

— of masonry, II. 128?j 
Egg fniit, TV. 257ft 
— , hen’s, IV. 253(/ 

“ Egolsr IV. 257r 
“ Ehof:' V. 2mc 
Ehrlich 418 and ',)1 1,1. HM/j. 
4H2a • 

Eicosoic acid, I. Artib 
“ EiTconogen,” IV. 257r/ 
Eiloart's extractoi-, I V. .'SJJa 
Einstein's (Mjination lor vis- 
cosity of sols. III. 2U()r 
Eka-boron, II. 

Eka-silicon, V. .12 Or 
Ekkain, IV. 250d 
EksEuitalal, IV. 257</ 
Ektogan,” IV. 258ft 
Elacis guinernsis, III. liiiSr, 
213« 


Elaeomargaric acid, 1\'. 218^? 
Elaeoptene, I\ . 258ft 
ElsBostearic acid, a- and /9-. I\’. 
2.58ft 

/3-ElaBoste£Lrin, oxidalion, W. 


Elaidic acid, IV. 258r/ ; VI. 
181r 

dorivs., IV'. 250/) 

Elaidin read ion, l\^ 25s</ 

“ Elarson," TV. 259r 
Elastins, \l. 21/) 

Elaterin, JV. 250r 
Elaterium, I V. 259c 
Elderberry. IV. 259d 
Elecampane, 1. 175/) 

“ Electrargol” IV. 260c 
Electrical cndosniosi'. III. 2S,‘{d 
Electrodeposition (srr also 
uiifirr Analysis), JV. 260r 
Electrodeposits, (pHlih^^ 1\', 
270f/ 

Electrodes, cailKni, maim- 

fiirlurc, I. 208r/ ; If. 

OlOr 

Electrodispersion, 111. 2Slr/ 
Electrogalvanising jron, 1\ . 
207d 

Electro-kinetic iiotonh.il, HI. 
283(/ 


Electrolysis, Mum day’s Inns, 
IV. 2(ilft 

Electrolytic cxIiMction ol 
nioials, IV. 200f/ 

Electron corniiounds in alloys, 
VI. 2S2/) 

-- concent rut ions in alloys. VI. 

283/) 

Electronic theory in inor^^aiiic 
clicniistr>', IV. 272r 

- — orpa me chemistry, IV'. 

274r/ 

Electron, positive, 1. .)I2ft 
Electrons, J. .511 ft 
Electro-osmosis, III. 28:h/ 
Electroplating, IV. 260c 
boron in, 11. 51ft 
- witli cadmium, 11. Ih3ft 
Electrovalency, III. 334ft ; IV. 
272r 

“ £/eWron,’' I. 2.5.5f/ 

Elemene, and t.etrahydroele- 
inene, IV^. 27fla 
Elemi, TV. 275« 

Elemicin, IV. 275d 
Elemi in lacquers, 11. IbiPft 
Elemol, and tetrahydroclcmol, 

IV, 276fl 


Eleusinin, II. ISSr/ 

Eliasite, VI. 1.5 Id 
Eliquation, IV. 276d 
Elixir viicp, II. 5‘jOc 
Ellagic and, 11. |ih5ft, \'Mh! : 

IV. 1.5ft, 276d 
Elm-seed IV. 278f 
“ Eloxyl " protection ol nn-laU, 
111. 

Elutriation, IV. 278d 
Emanium, 1. 1376 
“ Embarin” IV. 278f/ 

Embden ester, V. 22ft, 306 
j Embden’s sebenu* <»r I.ict le and 
forma lion in nmsele, V I. 
706 

Embelta nbrt, IV'. 279« 

Embelic and or einbclin, IN'. 
279ft 

Embolite. II. 107d, 18 ic, ,M(>// ; 

I \ . 279ft 

Embossing. V. isbft 
Emerald, I. 0856 ; IV. 279ft 
“ Emerald. Jlr.mli.m, ’ V. .11 .’h/ 
Emerald, cbromiiini m. HI. 
;»06 

eop|M‘r, HI 3.55f/ ; IN' Id 

Emeraldine, N'l. 1Mb- 
" Emerald, litina.” V. 5i;{r/ 
‘Emerald, Oriental.’ HI. 
3!tSr/ : V-513d 

“Emerald, I'r.ilian,” V 5|3f/ 
Emery, I. In , 111. dUSd : IN . 
279d 

I. 16 

Emetamine, IV'. 280d 
Emetine, IV. 280d 

bisinut lions italide, IN . 282ft 
, ocenrrence, 1 1. 180)/ 
Emicymarin, VI. 87d 
Emmenin. N I 2006 
Emmens’ arid, IV. 18;h/ 
j Emmensite. IN’ \H’Ad 
Emodin, HI. II Oc 
Emodinanthranol, H MJlb- 
Emodin, w-hytlroxv, \ . 5.5c 
in bin kl b<»rn, 11. 120c 

- c.isi ai.i saprada, 11, HOd 
Empire powdci, JV. 5ISft 

“ Empirin," I 51 7f/ ; IN . 282c 
Empressite. IV. 282c 
“ Emulgator 757.” IV. 2K0r- 
Emulsification, IN'. 284ft 
Emulsifying apnds, 11. 12Tr ; 
JV. 2Slc 

, eoinidex nitropni dcrn.s. 
a.s, IV. 280c 

- from polvlndric alcohols, 
IV. 2S0c 

- , mixed, IV'. 2.S0f/ 

, ])atents snininarised. IN', 

287-200 

, st)lid, IV'. 2HOf7 

— , 'rnrkev-red oils m. 11. 
12lf/ 

Emulsin, 11. 200d, 112c ; IV. 
282d 

- , action on eellobiose, 11. 

442r/ 

Emulsions, IV. 284ft ; VJ. oOOd 

- , aped, JV'. 2026 

, bioiopieal, JV. 301ft 
— , eaaeinin, 11. 4146 
— , chromatic, IV. 203c 

, conccmt-ratioii of diHjierse 
phase in, IV. 2006 

- , cosmetic, IV. .303c 

ereaminp, IV. 20l« 

- , delermituition of type, IV. 

2yic 
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Emulsions lor lealluT, IV. 
302d 

■ , homopenisers for, 1V\ 20r»r 
, oil 111 water. IV. 281a 
— , optical properties, IV. 2036 
, pharmaeeiitieal, IV. 303r 
. i>ha.se inversion, IV. 203d 
- , photoprapbie. 11. 1506 
, prepn., 111. 202d ; IV. 20 Ic 
, sr/e-lreqnenev ana I \ sis, IV, 
2016 

- , stabililN, JV. 2026 

. Slok»>’s law for, IV. 201ft, 

, viseosil V . IV. 202c 
, w alcr in oil, IV . 20 1ft 
En. HI. 320c 

Enamel, boron in, 11. 51ft, 
Enamelling run wires, IV'. 300d 
, inm suitable for, IV. 30 |c 
Enamels (srr (ds'o (Jlass), IV'. 
303d. 307ft ; VI. 12d 
.fnllinp and milimp, IV'. 
300ft 

. undei -plaze eolonis, VI. 1 3ft, 
Enantiotropic. ddinition, line 
1. J. 212c 

Enargite ,111 3 1 1 c ; IV. 307d 
Endive, IV. 308ft 
Endocamphene, II. 238ft 
Endoimmotriazoles, V’l. 151 la 
Enfleurage, 11. 1806 
English iiowder, 1. 2016 
Engobe, V'J. lift 
Enhydros. 1 1. 5176 
Enolase, V'. 27c ; V'l. 11a 
Ensilage, IV. 3086 
losses, 1 V. 3 I Oc 
Enstatite, IV. 311ft 
Enterokinase, IV. 311ft 
Enzyme aelion, eomlilions in> 
lliieiu’irip, IV. 312c 
aclivalors and nibibilors, 
IV. 31 2d 

- reaction kiin-lics, l\'. 31 3c 
Enzymes (sn- ft/sw Kcrnn-nla- 
fion, alcoholic ; h\, li.ac- 

lenal ; h’., mould ), I. 303c ; 
H. OOd; IV. 311ft; \1. 
305ft 

, Jimj lolylic, in rollon hleacli- 
inp, H. 56 

. di’Jn'di'openases, I V^ 3156 
, plycosidic, V 1. 30(Jc 
III bi'von V root, J J . J I Oc 

(lepnmminp of silk, 11. 

186 

industrv, IV'. 3156 
of yeast, 11. OOd 
, oMdismp, 1 V'. 3156 
. ])roli-oelasl ie, in doiipli, 11. 
706 

, 1)111 iliea.l ion, I V. 31 3ft, 
,svnlheses eticefed l>y,’V. 
48d, 57d; VI 3006 
Eosin, IV'. 316ft, 6 

-Melhyh-ne Mine slain foi- 
st an lies, H. 502d 
Ephedine, JV'. 3176 
Ephedra IV'. 310c 
Ephedrine, JV'. 316c 
i/r-Ephedrine and related lia.ses, 
JV. 316r 

" Ephetonal” IV. 317c 
" Ephetonin” IV. 3nc 
Epiborneol and epi-raoborneol, 
IV. 318ft, 

Epicamphor, IV. 318c 

- , hydi>i)xy-, IJ. 31c, 245d 
— , wonitroHo-, II. 24'7tt 

“ Epicarin” IV. 319a 
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Eptcatechin, IT. 4356 
T-Bpioatecliin, 1. 116 
EpiohltoBamixie, 11. 29.>c 
Epichltoae, II. 205o 
EpichlorohydrinB, a- and fi-, 
IV. 319o, 3206 
Epicholestanol, III. 806 
Epicinchonidine, III. 153d 
Epicinchonine, III. 158a 
Epicoproatanol, 111. 806 
Epididymite, IV. .3046 
Epidiorite, IV. 320c 
Epldoaite, TV. 320d 
Epidote, IV. 320c 

schist, IV. 320d 

Epilucoae, 11. 287c 
Epiauanme, VI. 20(0/ 
Epinydrin alcohol, VJ. 71c 
Eplhydrocmchonidlne , ill. 
ie2c 

Epihy drocinchonine , 111. 

163d 

Epihydroquinidijie. 111. 1656 
Epihydroquinine, III. lOOd* 
Epimeriam of siifpir^, 11. 2806 
Eplnephrina (Ll.S.i*.), I. 145c 
Epmephrine, I. 14.5c, 147r/ 

“ Epmme." 1. 1 47df ; IV. 321a 
Epioaine, IV. 321a 
Epiphaae of carotenoids, II. 
308d 

Epiphaaic esiers, I. 1376, foot- 
not-c. 

Epiquiuidine, Ilf. 128a, ]71d 
Epieminine, III. 128a, 1776 
“Epfrenan,” I. 147d 
Epirhamnose, 11. 2H7c ; IV. 

321a 

“ Eponit” 1. 1.53a 
Epaomite, IV. 3216 
Epaom sails, JV. 3216 
Equilenin, VI. 260a, r 
— , synthesis, VI. 27 la 
Equilibrium, chemical, II. 
533c ; IV. 3.38c 

' - constant', 11. 533c ; IV. 338c 

— ester of fermentation, V. 22a 
Equilin, VI. 2Gna, c 

Erbia, IV. 322c 
Erbium, IV. 3216 

— - acetate, IV. 323d 
-- boride, IV. 323d 

— bromnte, JV. 32.3a 
bromide, IV. 322rf 

- carbonate, 3V. 323c 

- chlorate, IV. 322d 

— hydroxide, IV. 322c 

— iodate and iodide, IV. 323a 

— nitrate and nitride, IV. 323c 

— oxide, IV. 322c 

— oxychloride, IV. 322d 

— perchlorate, IV. i{22d 

— periodate, IV. 323a 

— phosphates, IV. 323c 

— platinocyanide, IV. 323d 

— selenates, seleiiides and 

selenites, IV. 3236 

— sulphate, IV. 323a 

— sulphide, IV. 323a 

— trichloride, IV. 322d 

— tritluoride, l\\ 322d 
Erdin, V. 586 

Erectbidia oil, IV. 323d » 

Eremite, II. 5126 
Eremophilone, IV^. 324a 
— , hydroxy-, IV. 324a 
Erepain, IV. 325a 

— in cabbage, II. 182(;^ 

Erg^e, IV. 328a 
Ergobaaine, IV. 330d 


Ergochryain, IV. ,S32d 
Ergoclavino, IV. 327d 
Ergocristine, IV. 327c, 328d, 
3306 

Ergocriatmine, IV. 327c, 328d, 
3306 

Ergoflavin, IV. 332d 
Ergoline, IV. 3296 
Ergometrine, IV. 327r, 328c, 
d, 330c 

Ergometrinine, IV. 327c, 
328c, 330c 

Ergemovine, JV. 330d 
Ergosine, IV. 327c, 328c, d, 
330c 

Ergosinine, IV. .327r, 328c, d, 
.330c 

Ergostanes, oc- and alio-, IV. 
S26a 

Ergoaterol, IV. 325c 

- from moidds, V. 57a 

- in ergot, IV. 331c 
nee, ir. 4046 

- , irradiation, IT. 20 Ic 
Ergostetrine, IV. 330d 
Ergotamine, IV. 327d, 328f7, 

3306 

Ergotaminine, IV. 327c, 328ff, 
3306 

Ergot, assay. TV. 330d 
— , detection. Ill iloiir and bri'ad, 
IV. 3.32d 

Ergothioneine, IV. 3326 
Ergotinine, IV. 3276, 328a, 
330a 

Ergotocine, J\'. 330d 
Ergot of rye, ergoln, 1\'. 326d 
Ergotoxine, IV. 327c, 3286, c, 
3206, ({ 

Ergot, sugar in, 11. 300r’ 
Ericacex sjip., 1. 457c ; JI. 

23 td ; VI. 0.36, 100a 
" Ertcin," IV. 3336 
Ericolin, IV. 3336 
Erigeron vnuarlni/ns, IV. 333c 
Erigeron oil, I\^ 333c 
“Ennoid/’IV. 333d 
Eriococcus coriamts, IV. 333d 
Eriodictyol, JV. 333d 
Eriodictyon glulninsiim, JV. 
333d 

Eriodonol, IV. 333d 
Eriodyctionon, JV. 33.3d 
Erioglaucine, IV^ 334d 
Erubescite, TI. 32d ; 111. 31lc 
Erucic acid, 11. 06d ; IV. 334c 

derivs. and salts, IV. 

3356 

- - in caiiieliiie oil, II. 2376 
. oxidation, Tl. 076 

- anhydride, IV. 3356 
Erucin, IV. ^56 

“ Ervasin” IV. 335c 
Erythrene, 11. 1.546 
Erythric acid, I. 24.3d 
Erythrin, IV. 335c 
Erythrite, I. lOOo ; III. 2146 ; 
JV. 335c 

Erythritol. I. 501c; IT. 2966 

- formins, V. 3276 

- - from moulds, II. 2066 ; V. 5Ic 

reaction wit.li liydrogen 
iodide, II. 173d 

Erythroapocyazliiie, 111. .520a 
Erythrocytea of blood, Jl. lOd 
Erythroglaucin, V. 54 d 
Erythrophleine, II. 3816 
Erythrophloeic acid, IV. 336a 
ErythrophloBum 8pp., alkaloids, 
IV. 335d 


Erythroquln reaction, HI. 
136c 

Erythro-reaiiiotaimol, I. 6186 
Erythroain, IV. SlCc, 3366 
Erythroacyaathraquinone, I. 

20aa, 212d, 21da 

— -2:4-disulphonic acid, I. 3906 
2-monosulphonic acid, I. 

3906 

Erythroxylam coci, E. spp.. III. 
222d 

Erythrozyme, IV. 3376 

“ Eibitr 1. 153o 
Eaeraznine, 11. 2Q0a 
Eserd nut, IT. ]98d 
Eaerethole, 11. 199d 
Eseridine, 11. 2006 
Eaerine, 11. 108d 
Eaeroline, II. 1096 
Eaop test, IV. 5506 
Esparto, 1. 199a 

— cellulose, xylan in, II. SOSc 
-- paper, II. 462f^ 

'' Eaaence of peatJ,” V. 60.5d 
Easigsprit, 1. 146 
Esterases, IV. Blia, 347d; 

VI. 3956, 396r^ 

“ Ester gum,” I, ,3fc 

in lac(iuers,\ fl. 409a, 

4726 \ 

Esterification, IV. ^376, 347a 
- by enzymes, IV. 347d 
, catiilytic (see a^xo Oat alvsis), 
11.4286; IV. .337c, 338d ; 

VJ. 222c, 2.57d 

, — , constitutional relai^Loii' 
ships, IV. 340c 

effect of structure of 
alcohols, IV. 343d 
— practical applications, 
IV. .343r, 372a 
---. with alipbat ic atids, con- 
st] till ional elTecIs, tv. 340d 
— , — aromatic acids, con- 
stitutional effects, IV^ 342a 
, — , — dibasic acids, con- 
stitutional effects, IV. 341c 
, — , — ketonic acids, con- 
stitutional effects, IV. Slid 
, direct, IV. 3146 
, — , velocity constant, IV. 
3456 

, effect- of neutral solvents, 
IV. 340a 

water, IV. .339d 

of dibasic acids, IV. 3466 

sulphonic acids, IV. 347d 

, steric hindrance, IV. 340d 
. theories, IV. 348a 
, vapour phase, IV. 3406, 34 7r 
, velocity constant, IV. 337c, 
339c, 3436, 3496 
Esters of polyhydric alcohols 
as emulsifying agents, IV, 
286c 


prepn., TI. 372a ; IV. 347a 

- , reaction with alcohols, VI. 

397c 

reduction, TI. 371c 

- sulphonic, as plasticisers, 

II. 448c 

“ Esionr IV. 349d 
“ EstoraW' IV. 349d 
Estrichrips, 11. 1306, 131a; 
iv7349d 

Eta acid, e-acid, IV. 349d 
^tain de glace, 1. 694 
^tard’s reaction, 1. 1946 
Etching solutions, V. 600d 
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“ Etelen ” I.G., IV. 350a 
Ethane, IV. 363b 
— , 2-bromo-l-iocIo-, IV. 373r/ 

“ , chloropentabromo-, II. \i2Ud 
— , doin., {see Methane, detn.), 
11. G84a 

— , «-dibromo-, IV. 373r' 

dibromotetrafluoro-, JI. 
323b 

— , S'dichloro-. I. 19c; IV. 37 kr 

- aa - dichlofo - a)3j9/9 - let in, - 

bromo-, 11. 32 la 
l:2-Ethanediol, IV. 377b 
l:l-Ethanediol dieilivj etlicr, 
I. 3k; 

l:2-Ethaneditliiol, IV. 38 lb 
Ethane, hcxabrnmu-, 11. 32()r 
— , hexachloro-, 1. 97r/, 10, ja ; 
Ik 173r, 323r, 3.71a 

- , hexafluoro-, Jl. 323b; IV. 

361c 

, pentabromo-, IV". 3.'"iSrt 
, pentacliJoro-, I. 07f/, lOOd, 
104d ; IV. 3,7!h' 

Ethanes, oai- and .^-(i^tr.'u ldoro-, 
1. »8a ; IV. .3.70, 

— , trirhloro-, 1. O.Sa ; ]\'. 

350c 

Ethanesulphonic .-Kill, IV. 

370f/ 

Ethane, (eli'aliromo-, 1V\ 3."»7r 
-- , i»-tetracliloro-, 1. 97,/, 08a 

- , teirachlurodilmuuo-, H. 

321a 

Ethanethiol, IV. 3(i0c 
Ethane, iribromo-, IV. 3.77c 
— , aad-tribromo-aflfl-l nc lilon)-, 
if. 321a 

, aaj9-tri(!hlor()-, I. 98a 
Ethanol, sec Alcdlml ; 
alcohol. 

Ethenyl tnchloi ule, J\'. 3.70,' 
Ether (see also A»ia‘,slh(‘l ic 
ether ; Ktln‘r.s), iV'. 364a 
Etherates, J\'. .3S.7a 
Ether, autnxidatum, n'. 387b 
— , dotn., II. 083a 

cxplusioiiH, prevenfioii, IN". 
388a 

— , liniiine-sreiit oxidation, 111. 
23b 

- - manufaet ui'f, iV. 385c 

peroxides, IV. 35], 388a 
Ethers, IV. 350a 

- , iwtion of heat and IN". 

352a 

, addition eoniponnd.s, JV. 
351d 

- - , polyhydric, as eniutsifyiriK 

aj?ents, IV". 28(ic 
“ Ethohrome,'' J. 559(/ 
Ethocaine (see also “ jiElhn- 
caine ”), ^1. 34b 
Ethoxide, jS-hydroxy-, sodium, 
IV. 377d 
Ethyl, IV. 353c 
Ethylacetal, I. 3Ic 
Ethyl acetate, 1. 28a, 51a ; IV. 
383r/ 

, j8-brumo-, IV. 373c 
, catalytic ]»roduction, 11. 
535d 

, formation, IT. 423b 

from Penicillium digiia- 

tuTHf V. 61b 

^ j9-hydroxy-, IV. 373a 

production, I. 56d 

, specillcation, II. 472b 

- acetoacefcftte, I. 82a 

- — , a-bromo-, I. 63c 


Ethyl acetoacetate, aa-di- 
bromo-, I, 63c 
semicarbazone, T. 03,/ 

— alcobol (see also Alcohol), 11. 

120d 

, j8-ainino-. III. 9-Itt 
, )3-bromo-, IV. 373b 

, )9-chloro-, IV. 375b 

, dot n., ill vapours, 1 1 . 683a 
- from moulds, V. 5] a 
. )3-nitro-, IV. 379,/ 

, spccitic.it ions, IJ . 1 72b 
, /J)S/3-tri bromo-, 1. 559d 
, vapour pre.s.s lire, 1. 180a 
, viscosity, I. 180b 
Ethyledlene, I. 210r 
Ethylamine, IN". 353c 
from acetylene, 1. 81,/ 

— , tri -^-hydroxy-, I. 307a 
Ethyl ammonium selenite, IV. 
367,/ 

Ethyksoamylmalonylurea, 1. 
365,/ 

Ethylaniline, IV. 383c 
. a-li> dro\y-, V 1. 402a 
Ethyl .'inllir.iiiil.-4te, IN'. 383,/ 
anl iinoiiite, IV. 350c 
.ii.s4*ii.i(e, IV. 3.'i6, 
jirseiide, IV. 350c 
beiizo.'ili*, I. 080,/; IV. 383,/ 
boi'.'iti*. IV. 350c 
btd'iile, IV. 35t5,/ 
boro.salicylal II. 53,* 
liroiiLuU‘, IV. 350,/ 
a - Ethyl - a - bromobutyryl - 
carbamide, I. 1 11a 
Ethyl butvi'.'ile, II. ISlc ; IV. 
383,/ 

— - ,«,d)ut>ratc‘. II. ISlc 
Ethylbutyric mid, a- and /?-, 

II. 271,*, ,/ 

o(-Ethylbutyrolactone a(i*(ic 
acid, VI. 262c 

Ethylcarbazole in clieinicaj 
warfare. III. lOc 
— , prodoct ion. III, 11,/ 

Ethyl carbiniide, IV. 359,/ 

- carbonate. iJ. 322a; IV. 

358a 

c.irb>Iaiiiinc, IV. 300c 
(■er,»tate, II. .516c 
Ethylchloramine, IV. 35 j,/ 
Ethyl clilonde, JV. 358b 

— clilorocarbonal,*, II. 322a 

- cinnamale. III. 181,'; IV. 

381a 

- ciiinpounds, see also mider 

Diethyl and Ethane. 
Ethylcupreine, 111. 161b 
Ethyl tNOcyan ate, IV. 35nf/ 
cyanide, IV. 360a 
i«ocyanide, IV. 360c 
(iya-nine 111. 515b 
cyan urate, IV. 360d 
tsocyanural^i, IV. 361a 
- diazoacetate, III. 599a 

, rwiction willi cainphenc, 

II. 238a 

Ethyldibromoamine, IV. 354(/ 
Ethyldibromoarsine produc- 
tion, III. lid 

Ethyldichloramine, IV. 354 d 
Ethyldichloroarsine produc- 
tion, III. lid 

Ethyldi-iodoELznine, IV. 354d 
Ethyldl-iodostibine, I. 433d 
Ethyldimethylcarbiziol, II. 

350d 

Ethyl diselenide, IV. 367c 

— disulphide, IV. 370c 


Ethyl ditelluricle, IV. 372a 
Ethylene, IV. 372b 
1;2-Ethylene acetals, T. 37a 
Ethylene broinohydrin, IV. 
3736 

hromoiodide. IV. 373d 
. bromolrichloro-, Jl. 320d 

— chlorohy drill, IV. 375b 

— clilorobrumide, IV. 375c 

— - chloroiodide, IV. 375d 

, chlorotribiuino-, IJ. 320d 
i-vocyanat-e, IV. 375d 
cyanide, JV. 376o 
' cyatioliydriu, IV. 375d 
detn., 11. <183a 
diaiMdatc, IN". 373b 
Ethylenediamine, IV. 376a 
- I'CH^fent for dves, IV. 149c, 
157d 

Ethylene ilibi-oniidc, IV. 373c 

, bromo-, IV. 357c 

, prepn., II. 110b 

dichlorule, JV. 374a 
- , as insecticide, II. 356d 

— , ati-ilichloi'O-, IV. 37-lc 

, .s-ilicliloro-, I. 101, f : IV. 7b, 
371c 

, ris- and /ran-s'-dicblorfi-, I. 
87d, 07b 

, ota-dieMloj'o-/lj8-dibroimi-, II. 
320,/ 

Ethylenediethylamine, IV. 

370c 

Ethylene-r/M-diethyldiamine, 

IV. 370c 

— diethyl sulphide, IV. 381c 

— di-ioiiidc, IV. 370c 

-- diineliiyl sulphide, JV. 381c 

Ethylenedinitramine, IV. 

489c 

Ethylene dinili'iitc, IV, 379d 
dit liiocai'bonatc, IV. 381c 
. dilhiocyano-, JV. 381d 
, excharij^e rrsicl ion vciUi dmi' 
tt‘i'iuni, VI. 374d 
li'om acctyleiip, 1. 79c 
j^lvcol (sec also (Jlycol), I. 
j9c; IV. 377b 
d initiate, iV. 489d 
- rnonoacetate, IV. 373a 
mono- and di-formin, V. 
326a 

-n-butyl ether, JJ. 179b 

monoethors, IJ. 443a 
iji lacquers, 11. 470a 

— , hydi'oirenation, Vi. 374c 
Ethylenemiine, IV. 379c 
Ethylene miircaptan, IV. 381b 
--- rnonoacetate, IV. 373b 

, inonociiloro-, IV. 374c 
, iiitro-, JV. 379c 
oxide, IV. 379d 

as fumigant, Jl, 36’f7 ; 

V. 305b 

, bromo-, IV. 380b 
, cldoi'o-, IV. 380b 
, detn., II. 683b 

-- , oxido-, Q^-dicarboxylic acid, 
from Monilia, V, 51 d 

— ozonide, IV. 3806 

— , perchlor- (see also Ethylene, 
tetrachloro- ), 1. 976, 996, 
1046 

— production, II, 4286 

— selenocyanate, IV. 380d 

— sulphide, IV. 381c 

— , tetrabromo-, II. 320c 
— , tetracj^loro- (see also Ethyl- 
ene, perchlor-), I. 1046 ; 
IV. 3756 * 
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Ethylene, tetrafluoro-, II. 

— , tetmiodo-, II. 2816 

— tliiocarbamido hydrochlorido, 

IV. 381d 

— , tricldor-, Elliylem;, h i- 

chloro. 

— , trichloro-, aiitiiicuraJgic, ITI. 

86a 

— , — , an solvent, J. 1026 ; II. 
3506 

— , prepn., I. ; IJ. 42Sr/ 

— j — p im)pertic.s, 1. 07d ; 1006 ; 

IV. 37 If/ 

— tritJiiocarhonal-e, IV. 3Slr 
Ethyl ester nniiiher, JIJ. 23;i« 

— estei’s as j)eriuTU(*8, JV. 383d 

— - ether (wrc alao lather), IV. 

384a 

- — , dctn., in \ajumrs, 11. 

0H3a 

- ' a^-dichloro-, I. 21^; 

, IV. 380a 

— etliyl a^-dichloro, J. 2lr 
pi‘(i(lucl ion, II. 4286 

- elhyh'ne, 1 1. 1 77a 
ethyl.siilplionjile, IV. 37 la 
IVrroevniiitJf, IV. 3016 

- Iluoniie, IV. 3016 
Ethylformal , J. 316 
Ethyl 1‘onnute, IV. 301 r 

- ^-ehUm)-, IV. 375c 

^ aa-dichloro-, I\\ 302a 
Ethylgly oxaline , 4 -i3-a m i n o- , 

IV. 331 d 

Ethylhydrazine, TV'. 302a 

— sulphoriate, putassium, 1V^ 

3026 

Ethylhydrocuprein, 111. 137a, 
1016, 107(: 

Ethyl Jiydrogeii |>ei'ovi(le, IV. 
3006 

Ethylhydroxylamine, a- and 
/3-, IV. 302d 

Ethyl liypofhlorOe, IV. 303d 

- Jiyjionilrite, IV. 3016 
Ethylidene acotaniide, 1\'. 

381 d 

-- alky] ethers, IV. 382d 

— biuret, IV. 382a 

— bnimoiodide, IV. 3826 

- — chlorobroiiiidc, JV. 382c 
-- chloroiodide, 1V\ 3S2c 

— eldoroHulphonic acid, I \ . 

3S3c 

' - diiicetate, 1. 37d, Old ; IV. 
381d 

— - dibroinide, )V. 3826 

— di butyrate, I. 37d 

— - dichloride, IV. 382c 

- diethyl ether, J. Sic 
-- - di-iodide, IV. 383a 

- dipropionate, 1. 37d 
— ^idipropyl other, IV. 382d 
disulidionic acid, IV, 383c 

— etlioxyacet-atii, IV. 3836 

— ethylene oxide, IV. 3836 

— - ethyl propyl ether, IV. 382d 

— - Rlycol, I. 2]tt 

— -hydroxyflulphonic acid, IV. 

3836 

Ethylideneimine, IV. 383a 
Ethylidene methyl propyl 
ether, IV. 382d 

Bulphonic acids, IV. 3836 

N-Ethylindole, I. 84c 
Ethyl iodide, IV. 3646 

— iodoacetate in warfare. III. 

8c . 

, prepn.. III. 11a 

— lactate in lacquers, II. 4706 


Ethyl laurate, IV. 38 ia 

— iiiercapl/an, IV. 360c 

— mctaphospliate, IV. 360d. 

— met hyhliphenyl urea, II. ISOc 
Ethylmorphine hydrochloride, 

iV. 7c 

Ethyl nitrate, IV. 364f/ 

— nitrate, 8-iodo-, IV. 30.56 

— nitrite, JV. 30.56 
Ethylnitroamine, IV. 3.54d 
Ethyl nitrogen chloride, IV. 

3.54d 

— nonylat/e, IV'. 384a 

— ort liocarhonale, IV^. 3.5Sa 

— orthojjhosphate, mono-, iV. 

3«0c 

Ethylpelargonic acid, VI. 2016 
Ethyl jicntasulpliide, IV. 370d 
p-Ethylphenol in castor, II. 

4 1 (Id 

Ethyl jiheriylacetate, IV. 384a 

- phosphate.s, IV. 300c 
pho.sphite, inono-, IV'. 307a 

- pliosphitc's, IV'. 300d 
Ethylphosphoric acid, mono-, 

IV. 30IW- 

Ethylphosphorou.s ami, l\’. 
307a 

Ethylpiperazme.^-.iinino'. IV'. 
377a 

Ethylpropylacetic acitl. VI. 

205r 

Ethyhsopropylacetic acitl, \'I. 

205c 

N-Ethylquinaldine fitun aco- 
(ylcne, 1. Sic 

Ethyiqfuinuclidone oMine, III. 
104 c 

Ethyl salicylalts IV. 381a 

- selennies, IV'. 307t 
Ethylseleninic acul, J\'. 3076 
Ethyl M'lenium ( oinponnds, 

IV. 3076 

.st*l(*nonn‘rcaplan, IV. 3076 

- siilphalc, di-j8-bronio-, JN', 

300a 

— suJpliales, mono- and di-, IV'. 

308a 

— - snljdnde, IV'. 370a 
Ethylsulphinic acid, JV. 370c 
Ethyl sulphite, j8-cJiloro-, IV. 

300c 

, moim-. iV. 3006 

Ethylsulphonic acitl, TV. 370d 
Ethyl sulphoxitle, IV. 3706 
Ethyl sulphuric acid, l\\ 308a 

— — , a- and jS-bromo-, l\. 

308d 

— ■ — , chloride, JV'. 308c 
Ethyl sulphydrale, JV. 300c 

— telluridc, TV. 372a 
tetrasulphide, JV. 370f/ 

— thiocarbimide, IV'. 371d 

— i.vathiocyanate, iV. 371 d 

- titanale, 1V\ 372a 

- Irisulphide, IV. 370d 
“ EtoscoW' JTI. .558d 
Etu, 111. 33S6 
“ Eubornyl,'' TV. 3896 
" a-Eucaine," IV'. 3896 
" B~Eucaine,” 1. 300a, 607a ; JV'. 
3896 

— luirate, II. 346 
Eucairite, IV. 389(? 
Eucalyptol, see 1 ;8 Cineole, and 

under Cineole. 

Eucalyptus globulus, antmuilarial 
properties, IV'. 3la 

, globulul From, JI. 256 ; 

VI. 136 


Eucalyptus macrorhyncha, IV. 

391a 

- spp,, dyes from, IV. 33d 

— -, es.sontial oils, II. 256 ; 

IV. 389d 

Eucarvone, IV'. 3916 

— from d-carvone, II. 408a 
“ Eucatropin^,'^ IV. 401a 
Eucazulene, I. llOd 
Euchrysin 311, 1. 132a 
Euclase, I. 085h ; IV'. 392a ; 

VI. 13c 

" Eucodair IV. 3926 
“ Eucodeine/' IV. 3926 
“Euco/,” II. 43]d ; IV. 3926 
Eucryptite, JV'. 3926 
“ Eucupin,” IJJ. 1086; IV. 
392r 

Eudalene, IV. 27Ga, 325a, 

392r, 303a 

Eudesmin, TV. 392c 
Eudesmol, IV. 393a 
Eudiadyte, IV'. 394a 
Eudidymite, Iv' j 3946 
“ Eudrenrne,” IVV3946 
“ Eugallol," ]\'. 3t»46 
Eugenia aroimtltrm i lo\’e,s from, 

III. 201c A 
cun/ophi/lliiUi, emgenol from, 

lij.2076; JVtolc 
Eugenol, IV'. 394c \ 
/^oEugenol, ci«- abrl Irtins', 
JV'. 307d, 308c 

Eugenol, broino-deri^s,, TV. 
300d 

i 5 oEugenol, bronio-dcrivs., IV. 
400a 

Eugenol from clove oil, IV'. 
30.5a 

(foEugenol fiom eugenol, IV'. 
307d 

Eugenolglucoside, JV'. 307c 
Eugenol in essential' oils (.svc 
also EuffrnUt .spp, ), 11, 210r , 
200c, 4i]a ; Jll. 183c 

- a-napldiiylurelliane, J V. 307c 

— , o-ml !■»)-, JV'. 300c 
isoEugenol, 5-nitro-, JV. 400a 
Eugenol jierJumes, IV. 4006 

— idienv lurelhaiie, JV''. 307r 
{^oEugenol, 1\'. 307d 

— > aryl denvs., IV. 300c 

— , ci.s- and /miie-isomers, IV. 

308c 

— phoiiylurethaiips, els- and 
irons-, IV. 309a 

— .s-lrinilrtjbenzeiie comjiound, 

JV. 399d 

— , vanillin from, IV. 390a 
Eugenyl acetate, J. 436 ; IV'. 

390d 

i^oEugenyl acelate, cis- and 
trans-, TV. 399d 
Eugenyl alcohol, IV. 397e 
i^oEugenyl benzoate, m- and 
irons-, IV. 399d 
Eugenyl carbonate, IV. 3976 
(soEugenyl (jarbonate, IV. 400a 
Eugenyl chlorocarbonato, IV. 
3976 

— methyl ether, IV'. 39 Id, 

397a 

isoEugenyl methyl ether, TV'. 
397d, 400a 

Eugenylphosphoric acid, IV. 
397c 

Eugenyl sulphate, potassium, 

IV. 3976 

Euglenarbodone, II. 400d, 
401a 



“ Eukodai:^ IV. 392*, 400* 

“ Eulatin,^* IV. 400* 

Euler and Diels’ synlliesis, I. 
401r 

Euonyxnm, II. 387(/ ; IV. lOOr 
Euonymite , sec Dulcitol. 
Euonymol, IV. 40(>(' 
Euonymus, E. atropnrpureun, 

IV. 400f' 

Euonysterol, IV. 40()r 
Eupad, IV. 2fl/, 400r 
Eupatheoscope, VI. 2KS* 
Euphorbia resmifera, E. 

IV. 4()0r ; IV. r)(W, 211b 
Euphorbic acid, ciiiiliorhol and 
eupliorbone, IV. KlOd 
Euphorbiuxn, IV. 400r 
Euphotide, V. KU)* 

“ Euphthalmin,” IV. 401a 
“ Euphyllin," 1. 320tt; J^^ 401tt 
Eupittone, euniltnnic acid, IV’. 
401a 

“ Eupnine veriutdr," IV’. 401(y 
“ Euporphin,'" 11. ilSc; IV’. 

401d 

“ Euquinine," IV. 401d 
“ EuresoW' IV'. 401d 
Eurhodines, 1 , , 703 ^, 5 (» 8 n 
Eurhodols, 1. r)d3f/, .'idSrj, r»d!)c 
“ Eurobin,” IV. 402a 
Europic carbonate, IV’. KM* 
chloride, IV’^. Ihof/ 

— hyilroxidc, IV, 401a 

— lodutc, 1 V’. tola 
nitrate, i\. (0 1* 
nitrite, 1V^ 40 Jr 

— oxide, IV'^. 40Ih/ 

-- pho.si)liale, iV'. 40 1* 
Ijlatmucyanide, IV. lOJ* 

— Kidphale, IV. 10 1* 
Europium, 11. 51 ]r ; IV'. 402a 

orpjiTiic salts, IV. loir 
- , tripU' nitrite, I V . 10 l< 
Europous ca I bona I (“, IV’. |0b/ 
— , clilorule, lodnle .ind sul- 
phate, IV loir 
“ Euscopol,” IV^ 405a 
Eusol, IV. 2 Id, lOOr 
“ Eustenin,” IV. 405a 
Euterpene, IV. 303a 
Euxanthic aeul, IV’. 405a ; VI, 
S7d 

Euxauthone. V'l. 42 Ir 
Euxenite, 11. lOr ; IV . 32 1 r, 
405a ; VI. 100a 
Evaporation, IV’. 405a 

— from a .supersurfacc la^cr, 

III. «05a 

— in analysi.s, 11. 543a 
high vacuum, IV. 414a 

— multiple elTcct, IV’. lOOd 
steam boilers, IV’. 405^ 

— of acid liquors, 1V^ 413r 

_ _ delicate liquors, IV. 41 ta 
— , rate, 111. 451 r 

— , solar, of brine, IV. 411 c 

special eases, IV. 414 d 
spray, IV. 414 c 

— under reduced pressure, IV . 


400a 

Evaporator, salting type, IV. 
412a 

Evaporators, lilin, IV’. 400* 
steam heated, IV^. 400a 
Evaporator with forced cir- 
culation, IV. 412c 
Everitt's salt, I^^- 
Evernic acid, IV. 415* 
“£uipan, evipmi somunu i- 
368c, 023a ; IV. 415* 


INDEX 

Eoodia melia‘foUa, I. 020* ; IV'. 

415* 

Evodiamine, esuevodiamme, 
IV. 41.5r, it 

Evodxa rnftvt'nipOy alkaloids, 

IV. 415* 

Evodine, IV'. 11, 5r 
Evonyznin, 11. 387d ; TV’. 4tMU 
“ Exalgin," IV'. 416d 
“ Exaltolide.'' JV’. 416d 
“ Exalton,” IV’. 416d 
" Exaltone," II 1. 001* 
Excoecarln, excoecarone, V’l. 

1 30* 

Exhaustive met h via lion. I. 

3 1 1 (/ 

“ Exolon," I. la : IV’. 417a 
Expansion eoellicients, niea- 
surennujt, IV. Ir 
Explosif P, IV. 10 Id 
Explosions, gastnnis a/fto 

ihlonation), IV'. 417a 

, , at higli initi.il pressures, 

IV. 117* 

. , anlo-igiiit ion in, I V’. 

blOa 

-, — , deln. of tbssoeial ion 
Loiistanls, I V’. 14 Id 
, , heat etipat ities, 1 V'. 

44 4 d 

, • , elleet of pressure t»n 
limits, IV’. l2.Ha 
— .excitation l.ig m, JV’. 

4 15* 

, — , lieat los.ses in, IV’. lllr 
ignition pre.ssiires and 
knock-ratings, IV’. M'Od 
, ' , nitiogeii-ai li\ at ion in, 

IV. IlOa 

- , , peroxides m, I V. I 10. 

1 52fr 

, , pu'ssnies de\ »*lo|»e(l in, 

IV. 110* 

, |iresswn‘-liine ilat.i, IV. 

112* 

, - . r.nli.'it ions fitiiii, 1 V . 
111a 

, .shock waves 111 , IV’. 

43.5tf, i;{0a 

— , .stages in, IV. 43,’i*, 1 lOd 
, — , time-lags ami pre.s.siiri*.s. 
IV. 451* 

"Explosion wave." IV’. 134*, 
43Sa 

Explosive D, JV'. lK3c 

- <> 3 , IV. 515c 

- iiower t^sbs, JV’. 547d 
Explosives, II. 52.5a; JV. 453d 
— , bi'isaid, IV. 5.5,’id, .501a 

coal mine, IV’. 552d 

- — , ellect of shc'atliing, 
JV’. 501a 

, flame trom, IV’. 552c, 

.5r)8a 

- , - — , safe ii.se, IV. 55Ha 

- , , siib«titut.e.s for, IV. 

502c 

- , -- — , testing giillerie.s, IV. 

557a 

, tlame from, IV'. 52 Id, 558a 
in lliedaiiip, elTect of Holid 
particles, IV. 550tt 

, Ignition by pressure 

W'ave from, IV. 559d 
initiatory, IV. 535a 
— , as detonants, IV, 550* 
liq\iid air, IV. G45d 

— oxygon, IV. 54.5d 
iiioistui'e tests, IV. 540c 
mortar test, IV. 548* 


559 

ExploaivAs, nit robenzene, 1\’. 
40,5a 

, nitrocellulose (srralso Nilni- 
ccliulosc), 11. 401*; IV. 
50 Ic 

, niliDhyilroctirbon. IV'. 405a 
, permitted, sec J*erniitted ex- 
plosives. 

- . secondary Hume from, IV'. 

SrpOrt 

, sciisilivone.ss 1«) Iieat, IV', 
552a 

, Spreiigel, IV’. 515* 

, stability tests, IV'. IS7c, 

517tt 

- . b‘sling, IV. 51 lie 
Extensimeter, CJiopin, Jl. 78* 
Extraction aiiparatus, indus- 
trial. IV. 562d 
. la bora tor V types, IV. 

575* 

batteries, IV. 504c 
, ctniiiler-eiirreiil , in lahora- 
tory models, IV’. 5lM>c 
gi‘i‘ase, V’l. 135a 
in ililTusioii blit tciies, IV', 
500* 

iiiicio - ajjpiii.it ns, IV’. 

r.s3d 

percolators, IV'. 575*, 
577* 

.large-scale aiiparatns, IV'. 
583* 

of line inalcrial, JV'. 57 1 c 
Ii(]iiuls, IV. 574c 

. in|cction method, TV. 
58 Id, .588c 

, perpluviat um method, 
IV. 58 Id, 5S.5c 

A\itli immiscihk* sol- 
\ ent s, IV. 58 Ja, 
solids, ( lassiliiM' lor, IV'. 
.500d 

tanks, IV'. 502« 
witli continuous infusion, 
IV. 570c 

-- disl illat ion of the solvent, 
IV. .57 2d 

- intermittent infusion, IV. 
5H0d 

— iion-aciiieoUH solvents, IV. 

570a 

- wutliout corks or joiids, IV. 
5780 

Eykman's formula, V. 540* 


Fabiatrin, I. 100 c ; 111 . 413 a 
Fabrics, «cc aluo Finishing 
textile fabrics. 

, belt stretching iproco.s.s, y. 
I87d 

breaking, conditioning or 
damipeuing, V. 187c 
— , ciilemlering, V. 188a 
— , drying slilTened, V. 187a 
-- , llnishing pastes for, V. 189a 
. llreiirooling, V. 21()c 
--.woollen, milling, raisingy 
.sliearing, V. 20Ua 
, — , pre.sHing, raising, steam- 
ing, tentering, V'. 200c 
— , — , scouring, V. 204d 
— , — , setting and shrinking 
lirocessGs, V. 205c 
Factice, Factis, TV. 590a 
Factor £ in fermentation, V. 
11 * 
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Factw^bark (cinchona), III. 

Fablers, IV. 690a 
Fahlore, IV. 590a 
Faktla, IV. 590a 
Faznatinlte, HI. 341r ; IV. 
808a 

Fanal colours, IV. 591a 
“Faraday’s gohJ,” III. 279c/, 
289cj; VI. 109/> 

Faraday’s laws of olectrcjlysiH, 

IV. 261a; VI. 237f/ 
Farinograpb, Brabender, II. 
786 

Famesal, IV. 591a 
Farnesene IV. 591 r 
Famesenic acid, IV. 591a 
Famesol, II. 2016 ; IV. 591a 
“ Fast Bases (I.G.),“ IV. 2316 
Fat, Balam, II. 326 
— , dctn., in chocolate, 111. 86d 
" in feeding stiilTs, IV. 592r/, 
OOleZ 

— liquoring, 111. 5516 ; IV. 

a02c/ 

-- production by moulds, V. 
676 

Fats and oils, edible, IV. 2516 
Dika, IV. 3c/ 

— , effect cm coiicreto, 11. 1 1H6 

— emulsion in digesticju, IV. 

301a 

Fat, tSengkawang-, 11. Jllr 
Fats, hardened or hydrogemitcul 
{nee also Hydrogenation), 

II. 426d ; VI. 1776 
Fat, Shorea, II. 31 r, d 
Fats, hydrolysis, VI. 41a 
— , saponification, VI. 49cf, 3SS(/ 
Fat, scjentai, II. 326, foot-iiole 
— , “ Tcjglam,” 11. 32r 
— , Tongkawang-, 11. lUc 
Fauser procohN, j. 337a 
Favas, I. 58.5c ; 111. 57.5r 
Faversbam Bowder, IV. 553c' 
Fayalite, IV. 591c/ 

Fi^ence, IV. 591f/ 

F,D.A. test of disinfectaiits, IV. 
82cZ 

Featber-aluxn, I. 289a ; IV. 

md 

Feathering of candles, II. 
266d 

Feather-ore, IV. 591c/ 
Feculose, lY. 592a 
Feeding meat and bone meal, 

IV. 597c’ 

meal, IV. 597c* 

— stuffs, IV. 592a 

— — , analysis, IV. 592a, 601c/ 
, ash conjititnents, 1. 503^; 

IV. 593c, 597c/, 603c 
— c — , energy equivalents, IV. 
600a 

, manurial value, IV. 598o 

, mineral accessories, 1 V^ 

597ci 

, mineral constituents in, 

I. 603c; II. 183r; IV. 
593c, 597d, 603c 
Fehling’s solution, I. 648c/ 
Feigl’s test, 1. 471c 
Feldxnazm still, 1. 3456 . 

Feldspar, see Felspar. 

Feld’s process, I. 340ci 
Felite, II, 1416 
Fellic acid, I. 690a 
Felsito, III. 32d 
Felspar, 1. 264d, 201c; II. 
187c ; VI, la j VI. 120a 


Felting of wool, V. 206a 
“ Femergin;' IV. 3306 
Fenchane, V. 4c£ 
cpc/oFenchene, 11. 254c ; V. 5f/ 
Fenchenes, V. 46 
Fenchol, V. 6a 
If oFenchol, V. 66 
Fenchone, V. 6c/ 

— , separation from camphor, 
II. 2.586 

ifoFenchone, V. 7c 
Fenchyl alcohol, V. 6a 
isoFenchyl alcohol, II. 2566 ; 

V. 6c^ 

Fenchyl chloride from pinene, 

II. 250c 

Fenchylene, see Fenchenes. 
[foFenchyl estci*s, II. 25.5c/ 
Fennel, V^. 8a 
— , essential oil, V. 86 
“.Feran,’’ I. 278rf 
Ferberite, V. 8c- 
Ferganite, II. 3936 
Fergusonite, 11. 512c ; \^ 8c ; 

VI. 169tf 

Fermenlactyl, V. 8d 
Fermentable subslauces, V. 
96 

Fermentation, ac’etic, 1. Ua ; 

V. 46tt 

, acotoiic produel ion, 11. 169c, 
471c/; V. 1.5a 

, alcoholic (.see a/no Alcohol ; 
Brewing ; Fermentation, 
bacterial ; Fermentation, 
mould ; Glycolysis ; Yeast), 

V. 8d 

- , - bacterial, V. 45c 

- . co-enzynieH, V. 1,56 

- , Mg and Mii ions in, V. 

18c 

, aut-o-, of yeast, glycogen 
formation, V. 1.3a 
, bacterial (.vcc3 a/cco under 
F'ermenlation, alcoholic), 1. 
170c ; II. 4296 ; V. 41cc 
, — , effects of conditions, V. 
4.5c 

-, — , hydrogen lu’oduction, II. 

169c ; V. 44a ; VI. 332c/ 

, — , of glycerol, V. 44c/ 
butyl alcohol, II. 109c, 471c/ 
butyric, II. 179c ; V. 4.5a 

- by dry yeast and yeast juice 

(see also Yeast, dried), V. 
1.5a 

ycs.st, equ.ations, V. 276 

- , carbon dioxide from, IJ. 

.324c 

coli-iypho8U9 group, V. 426 
, enzymic equilibriimi of 
hexose diphosphate, V. 266 
, glycerol iiroduction, V. 23c/ ; 

VI. 416 

- , heat, V. 116 

- , hexosephosphates, V. 206 

hydrolysis of jihosphoric 
esters, V. 22c 
— , lactic, bacterial, V. 41c 
, — , of cabbage, II. 183c 
, Monilia, V. 51d 

- , mould (see also Fermenta- 

tion, alcoholic ; Fermenta- 
tion, bacterial), V, 486 
— , — , citric acid production, 

III. 188a ; V. 496 

— , — , oxalic acid production, 
V. 49o 

~ of hexosediphoBphoric ester, 
V. 216 


Ferzneniatioa of hexosemono- 
phosphato, V. 30d ' 

— , panary, II. 766 

— , phosphoric esters in (see also 

Fermentation, alcoholic ; 
Glycolysis), II. 295d 
— , phosphorylated inter - 

mediate compounds, V. 246 
- , propionic, bacterial, V. 41d 
— , pyruvic acid theory, V. 236 
— , rate of, by y^st, V. 10c, 14c 
reactions of yeast in, V. 39d 
— , succinic acid, bacterial, V. 
43a 

— , yeast;, redistribution of 

phosphorus, V. 40d 
— , yeasts in, II. 97a 
Ferment, yellow respiratory, 

IV. 31 Id 

Femambuco w’ood, II. 68a 
Fernandinite, V. 60a 
Feronia gum, V. 60a 
Ferric and Ferrous compounds, 
sre also Jron.| 
Ferric-aluininal 1. 29()a 
— ' chloride, chlorination by, IT. 
428d’ \ 

— ferrioyanide, Tit. 476c 
Ferricyanides, detn., vulu- 

irietric, If. 65 Iff, 65.5a 

— from ferrocyanid^s. III. 465a 
— , i)ropn. by cbeiriieal oxida- 
tion, HI. 465ff 

— , electrolytic oxidation, 

IH. 47.5r, d 

— , qualitative reactions, II, 
569c 

Ferrite, V. 60a 
Ferritungstite, V. 606 
Ferro-alloys, manufact ure, IJ. 
217c 

Ferroaxinite, 1. 560d 
Ferrobrucite, H. 1196 
" Ferrochlore," JV. 21d 
Ferrochrome, HI. 105d 
Ferrocyanides, analysis, HI. 
5116 

— , detn., II. 055a, 707c 

— , prepn., 111. 46.5a 

— , — from coal gas, IH. 466c 

— , cyanides, HI. 469c . 

", nitiogonoua organic 

matter, IH. 4666 

— , spent oxide, HI. 467d 

, thiocyanates, HI. 

409c 

— by dry process, III. 467c 

— , wet process, III. 4686 

— , qualitative reactions, II. 
569c 

Ferrosilicon, manufacture, II. 
217c 

Ferrotungsten, V. 606 
Ferrous ammonium ferro- 
cyanide, III. 47Ic 

— hydroxide, action, on carbon 

tetrachloride, II. 356d 

— manganese tungstate, II. 

108d 

— Ijho.sphate, II. 256 

— potassium ferrocyanide, III. 

471c 

Ferruccite, V. 606 
Fersmanite, Y. 60c 
FertUiser ainalysis, preparation 
of samples, V. 85c 
— , ammonium nitrate, V. 66c 
— , — sulphate, V. 66a 
— , borax, remedial, I. 606a; 

II. 35a ; V. 74a 
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FefiillMr, carbon dioxide as, 
II. 3266 

gyps'Mn, V. 73d M* 

— , hoof and horn, V. 666 
— , leather waste, V. 66c 
— , lime, V. 74a 
— , marl, V. 74a 
— , nitrate of soda, V. 056 
FertiUserB, meatmea), V. OOr 
— , mixed or compound, V. 735 

— or manures, ^.61a 

— potassium salts, V. 74a 
— , relative value, V. 745 
Fertiliser, saltpetre. V. 655 

— , superphosphate, V. 67d, OOd 
FeriLUC acid, tsoferulic acid, Y. 
60c, 61a 

Fervanite, Y. 61a 

“ Fesemco ” slate, 1V^ 117c 
Featbitumen, Y. 3545 
Fettbol, II. 26c 
Fiberloid, II. 4435, 43 (Im 
F ibre, African, 1. 161a ; Y, 
1685 

— , caroa, V. 1085 

— , detn., lY. 693a, 602r 
— , flax {see also Flax), V. 1595 
- , scutching, Y. lOOd 
— . hemp (see also Abacn fibre), 
V. 162r 

— , indigCHtible, lY. 593a, (»()2c 
~ kitul, Y. 1685 

— , Mexican, V^ 1685 
— , Palmyra, Y. 1685 

' , pineapple, I. 458d ; V. 1085 
— , pita, V. 1685 
Fiiires, alginate, 1. 202a ; V. 
1245 

- — , animal, silk, Y. 86a 
— , artificial, or rayon, Y. 112a 

, electrical .spuming, V. 

1285 

— , baat or .soli, Y. 15Hd, 1595 
casein, V. 115c 

— , cellulose, see (Cellulose ; Eye- 
ing ; Fibres, artificial, or 
rayon. 

— , cotton, V. 135a 

— from seeds ami fruit. s, V. 1 58d 
— , gelatin, V. 116d 

— , glass, V. 114c, 5045 
— leaf or hard, Y. 15Sd 
— , nylon, V. 126a 
— , protein, V. 1155 
— , superpolyamide, Y. 1255 
— , .superpolyiner, V. 1255 
— , synthetic, V. 1135, I24d 
— , vegef.ablo, V. 158c 

^ — vinyl acotafe and chloride, 
V. 1265 

— wool and relat ed animal, Y. 


Fibrin in blood, IT. lOd, 22c 
I'^rinogen iii blood serum, 
II. fod, 22c 

Fibroin, II. 175 ; V. 865, 90a 
Fibrolite, I. 3705 ; V. 169c 
“ Fibrolysin” V. 169c 
Fichtelite, V. 169/; . , 

Pick's law of diffusion, Hi. 
006c, 607c 

Ficbcerylic acid (see also Fig 
wax), V. 170c 
Ficusin, see Fig. 

Ficus spp., see Fig ; Fig wax. 
Fig, V. i70c 

— wax, V. 171a 

Filament electric lamps, V. 
171c 

— lamp design, V. 172a 
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Filaments, carbon, V. 171 d, 

1795 

— , — , flashing, V. 179d 

for thermionic valves, V. 
]79d 

— , lamp, coiling, Y. 170d 
, oxide-coated cathode, W 
180a 

, tungsten, V. 1715, 178a, 

179a 

. — , " oftstdliiig," V. 178c 

- — , thorialed, V. 179d 
Filbert, \'. 1805 
Filicic acid, Y. ISIc 
Filicin, V. 181c 

Filicinic acid biitanorie,- Y. 
181c 

Filicitannic acid, Y. ISln 
Filitannic acid, Y. 1 8 la 
Filite, Kalian, IV. 519« 

Filix tnas, V. 180d 
Fillers in iiiagnesniin ox>- 
elilonde cement, II. 13(9' 

— pla.stic.‘<, J I. 4765 
Filling fabrie.s, V. 187a 
Filmarone, Y. 182a 
Filmcolor, 11. 1.53a 
Film inanufucturo, dopes for, 
TT. 448« 

photogrjiphic, 11. 446a 
Filosine, 11. 493c 
Filter paper, V. 1825 
“ Filtroir IV. 24«c 
Finings, 11. 102a; V. 505a; 
VI. 245 

Finishing colXon cloth by 
etherilymg agents, V. 193a 
-- with synthetic re.sins, 
Y. 191c 

staple libre cloths, V. 1 84a 

crepe faln’ics, V. 202d 
elTects, “ iicrmaiieiit,” V. 
190d 

- fat)ric.s with eelliiloso ethers, 
V. 192c 

^ rayon clotlw, plant and pro- 
cesses, V. 199c 

Finishings, cotton, classified, 
V. Hlfki 

Finishing (exUIe babrics (see 
also Hlea riling), Y. lB3a ; 
Yl. 509r 

woollen and worsteil fabries, 


V. 20.5a 

— yarns, V. 1835 

Fiiinemanite, V. 207c 
Fire-clay, V. 207c 

-damp, II. 32.3d, 344c ; IV. 

44 Id, 552d, 559d 
- — , helium in, V. 34 9d 
extinction and prevention, 
V. 2085 

— extinguishers, carbon tetra- 

chloride in, II. 356a 

, chemical, V. 2195 

, foam, V. 298d 

— -hose cloth, V. 195d 
Fireproofed timber, teats, V. 

217c 

Fireproof ers and glowprcjofers, 
V. 213c 

Fireproofing of fabrics, V, 
210c 

timber, V. 2l5c 

Fireproof paints, V. 226a ' 
Fire-retarding chemicals, V. 
220c 

— -tube test, V. 219a 
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Fischer - Tropsoh symthesis, 
II. 4255 ; V. 3785 ; VI, 
333d, 37fld 
Fisetin V. 226d 

— , degradation, II. 695 
Fish fermentation, V. 59c 
' - -liver oils, compoBition, HI. 
247a, 250a 

- manure, 111. 246a 
meal, IV. 5975 ; V, 80d 
oil lubricants, \'. 23.5c 

oils, lY. 855 ; V. 226d, 2305 
— , hydrogenated, edible, Y. 
234c 

- ixdining, V. 232d 

, vitamins A and D fi*om, 

V. 234 fi 

Fiske’s extractor, W. 586c 
Flagstone, V. 235d 
Flame, V. 2365 

— coloraf ions, II. .il7r', flH9a 

— -penetration test, V. 2195 
Flameproof cotton and rayon 

fabru's, V. 198a 

Flame jiropagation in closed 
tubes, IV. 433a 

— ' - gaseous explosions, IV. 

426d 

, velocity and comiiiessioii 
waves, IV. 43()n, 433a 
Flames, gjis, calorific value, Y. 
2165 

, cool, IV. 122c, 424c, 429a 
gaseous ]»roductH from, IV, 
4175; V. 244d 

- , nidiation from, V. 241 d, 243c 
Flame teinperaUirtss, V. 240a 

— types, V. 238a 

— , uiiifoi'iii movement, IV. 
430d 

— velocity, influence of con- 

ditions’ on uniform, IV. 
432a 

, tube diameter on 

uniform, IV. 431 d, 432a 
Flamxniyore V bis, IV. 556a 
Flash lights, V. 251a 

— reducing agents, IV. 521 d 
Flavaniline, I. 39a ; Y. 2525 
Flavanone or dihydrollavune, 

II. 519a ; V. 2625 
Flavanones, relation to chal- 
koues, 11. 519a 
Flavanthrene, 1. 394d, 399d 
Flavanthrone, 1. 20.5c, 206a, 
412d, 419d : V. 2535 
Flavaspidic acid, Y. 181c 
Flavellagic acid, 11. 19.5a ; Y, 
181c 

Flavenol, Y. 253d 
Flaveosin, 1. 133c 
“ Flavianic acid,” III. 4]7d, 
foot-note ; V. 253d ^ 

Flavin enzyme, V. 33a 
— , vegetable dyestuff, V. 263d 
Flavinduline, Y. 254a 
— O, 1. .5705, 5725 
Flavine or acriflavine, I. 1345, 
136d ; IV. 305 
Flavogallol, Y. 2545 
Flavogallone, V. 2545 
Flavogallonlc acid, V. 2545 
Flavoglaucin, V. 54c 
Flavoune, V. 255a 
Flavone, V. 255a, 2575 
— , l:3-dihydroxy-, HI. H8d 

- , 5:7-dihydroxy-4'-methoxy-, 

I. 115, 125 

— in bran/ II, 61a 
cacao red, II. 1886 
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Flavono occurrence, II. 440a 
ilavoziM, relation to chal- 
kones, 11. 

tsoFlavone, Y. 258o 
Flavonol, V. 200a, 201a 
Flavophosphine, 1. 13:16 
Flavopurpurin, 1. 200a, 212^7, 
224c 

— , 3-nitro-, I. 2286 
Flavorhodin, V. 2626 
Flavourings, biityrir csl ot^s in, 

II. 1816 

Flavoxanthin (ner aUo Carote- 
noi(i.s), II. 30»f/ ; V. 

262r 

Flax, n. 1106; V. irm 
— , compofsitioii and dimensioiiis, 

V. U)\r 

— , cotl/oniaal idii, 1016 

— fibre, a-celliilose content, V. 

1026 

— pectins, V. lOld 

— , rouffhoiK, ti.’icklirig and pre- 
paring, V. 101a 

— shives and tow yarn, V. lOOd 

— wax, V. 262c 
Filches d ’amour, VI. 101a 
Fleitmann's test, I. 1706 
Flemingia congesln, V. 202d 
Flemingin, V. 262d 
Flint, II. 517c ; V. 262d 
— , building, 11. 138tt 
Flocculation value.s, III. 285c 
Flocons in silk, 11. IKa 

" Floral hydroimders,” III. 
2216 

Florencite, V. 263c 
Flores ciiiw, V. 2Wc 
Floribundine, floniiaviue, llori- 
pavidine, V. 2o3c 
“ Floricinoel” 11. 4226 
Florida earth, IV. 2176 
Floridean starch. I., 200r/ 
Floriditol, I. 200d 
Floridose, lloriduside, I. 200c ; 

VI. 88a 

“ Flosal,” 1. 303a 
Flos-ferri, I. 450d 
“ Flotagen” V. 207a 
Flotation process, V. 263d ; V I. 

500c 

reanrenhs, V. 200a, 200a 

Flour, com])osi( ion, II. 7 Id 
Flower of iron, I. 450d 
Fluavil, Iluavilc, V. 269c ; VI. 
158d 

Fluellite, I. 201c, 2S0a 
Fluid heat traiLsmission, IV. 
41.5a 

Fluoboric acid, 11. 40c 
Fluocerite, V. 269c 
Fluocollophanite, ill. 204 a 
Fluoraxnine, phenylhydrazine 
from, VI. 300c 
Fluoranthene, V. 269c 
Fluorantheneouinone, V. 270a 
Fluorene, V. 270c 

— formation, II. lOfia, 130a 
Fluorenone, V. 272a 
Fluorescein, V. 272c 
fluorides, detection and detn. 

in food, V. 2«8c 
— , detn., colorimetric, II. 0736 
— , — , gravimetric, il. 007c, 
056d 

, — , volumetric, II. 050d 
— , drop reaction, II. 582a 

— in butter, II. 167d 

— , qualitative reactions, II. 

57ea 


Fluorinating agents, V. 278c 
Fluorine, V. 273a 

- compoundB, antiseptic and 

pliysiological properties, 

IV. 22d ; V. 282a 

— , detn.,spectrnscopic, II. fl92a 
, free, in fluoi-spar, 11. 21.56 

- , halogen comiioumlH, V. 277a 
' ■, oxides and oxyaeiil.s, V. 277c 

- reactions, II. .350a ; V. 

275d, 27Ha 
Fluorite, V. 283a 
Fluoroborate, sodium, II. 50c 
Fluorocyclene, V. 282d 
Fluoroform, V. 283a 
Fluorosulphonic acid, V. 2706 
Fluor-spar, Iluor or fi norite, 

II. 256, 21,5a ; V. 283a 
Fluosilicates, V. 282c 
Flux, V. 2846 

Fly agaric, 1. 300d 
Foaming, pn'vention, V. 2SSd 
Foams, III. 27J)c ; V. 285a 

- — , accelerated li<iuid/gas re- 

actions 111 , V. 2S8d 
— , interface eoii(li(ion.s in, W 
2S.5d 

stability, V. 280a 
— , technical uses, V. 2SSa 

Fobbing, 11. 05d 
FaBnicuUim vulgarv, F. rapil- 
lacpum, V. 6d, 86 
Feenugreek, V. 289c 
“Fogging" ot metals. III, 

:no6 

Folinarin, IJ. 3806; VI. 8Sa, 
02c 

Food bottling and eaniimg, V. 
2006 

— , dyes in, iletecl.ion, V. 3006 

- ga.s storage, V. 2036 

, metallic contamination in, 

V. 2026 

preservation, V. 2906 

- preservatives, V. 296a 

— , legal and medical aspects, 
V. .3O0c 

, regulations, V. .3086, 000, 

font -not e 

Foods, foreign siibslances in, 
V. :100c 

Food storage, control and effect 
of carbon dioxide, Tl. 3206 ; 
V. 203d 

, elTeet of Jumiidit y, V. 

203c 

Fool’s parsley, \. 160d ; 111. 
;i24d 

“ Foraminate,” V’l. 181d 
Foraminifera sp/>., coral from, 

III. 3006 

“ Forgem'n,” V. 3106 
Forging alloys, 1. 2526 
Formaldehyde {see also Dis- 
infectants, formalin; Food 
])reservat ives), V. 3106 
, aqueous. V. 317a 
-as antiseptic, IV. 2tlc ; V. 
3226 

— preservative, V. 207c 

- , compuuiid, witli broinal, II. 

1006 

- -casein plastics, II. 414a, 410c 
detection and detn., V. 

207d, 321d 

- from carbon monoxide, II. 

350d ; V. 3106 

hydrocarbons, V. 3106 

methanol, catalysts and 

process, V. 3106, 313a 


Formaldehyde mononler, 
gaseous and liquid, V. 317a 

— -plienol resin {see also " Bake- 

liff”), II. 422d; V. 321a 

— polymers, V. 31 8d 

— production, II. 427c 
— , reactions, V. 320a 
Fot*malin, see Disinfectants ; 

Fomiaidehydo. 

Formals, I. 34a 
Formamide. Vs 322c 
Formamidine, V. 322d 
“ Formamine,'^ I. 320a 
“ Formamol," VI. 200(1 
“ Forman," V. 322d 
Formanilide, V. 323a 

— from carbon monoxide, II. 

3.50d 

Formates, detn., V. :J05f/ 

— from carbon monoxide, II. 

350d 

— , qualit ative react ions, 1. 53c ; 

11. 5ii!)d ; 30iV/, :i24c 

Formic acid, t^er a/iio l^’ormates. 

as aiitiseptic.l I V’. 27rf 

.detection inlacetic acid, 

I. 5:1c \ 

, esters and sails, V’. 32 Id 

from mould \ fermenta- 
tion, V. 50(! \ 

- in food, detection and 
detn., V. 30.jd \ 

— , prepn. and projierties, V. 
323a 

- debyflrogenase, V. 446 

- liydrogcnlyase, V. 446 
“ Formicin," 326a 

“ Formidrn,” V. :t20a 
“ Formin" J. 326a 
Formins, V. 326a 
“ Formal " {see also Formalde- 
hyde), IV. 20c 
Formolites, V. 327r 
Formomonetin, V. 250c 
Formoprene, I. 806 
Formosaziine, V. 327d 
" Formosul," IV. 148c, 140c 
Formosul (i, reagent for dyes, 

IV. l4Sc, 140c 
" Fornitral," V. 327d 
Forsterite, V. 328a 
“ Fort 01 n," V. 328a 
“ Fouadin" 1. 430a ; II. 4:i2t/ 

“ Fourneau 189, 270 and 477,” 
I. 4806, d 

Fouling of slops’ hulls, protec- 
tion against , 111. :i836 
Fowler’s solid urn, V. 328a 
Foxberry, V. 328a 
Fragarianin, fragarin, V. 3286 
Fragarol, 11. 1006 ; V. 328c 
Franckeite, III. .538a ; V. 
328c 

Francolite, I. 440d 
Frangula, V. 328d 

— -emodin, II. 410d ; V. 328d 
Frangularoside, 1. 107d 
Frangulin, I. 1 y7d, 1 08a ; V. 

328d; VI. SSa 
Frang^oside, VI. 88a 
Frankincense, V. 328d 
Franklinite, V. 328(/ 

“ Frankonit," IV. 248c 
Fraxetin, V. 329a ; VI. 279c 
Fraxin', III. 413a; VI. 88a, 
279c 

Fraxinellone, III. G02c 
Fraxinus excelsior, V. 329o j 

VI. 88a 

Fraxitannic acid, V. 329a 



IJeeBtoM, y. 329a , 

Freezing mixtures, explohion 
risk, V. 32y(/ . 

— or cooliiiR mixtures, V. 3296 
Freibergite, IV. r,90r 
Fremontite, I. 'MVAd 
Frencli I jerries, J. 560a 

French chtilk,” 1. lH2r 
French polish, \ . 329f/ 

— Poudre H, TV. r>l.Sr 
“ Fresol” lJI.e) 20 a 

* Freundlich sorpl ion isti- 
Iheim,” 11. ; 111. 

282ri 

Freund's acid, V. 329^/ 

Friar's Ihilsam, JV. 2Si/ 

Frick process for caihon di- 
oxule iJcoductioii, II. 327a 
Friction, sensitiveness of ex- 
plosives to, IV. .7.7 If/ 
Friedel-Crafts nviction, 11. 

, 'md ; VI. 2:il)/i 
Friedrich's extraclor, IV. .7S76 
Fritillaria, alkaloids, V. 330(t 
Fntillaria .spp., V. 330a 
Fritilleurine, fritillme, V. 33(»6 
Fritimine, V. 3 306 
Frit kiln, \’l. 06 
Frits and ^la 7 .es, VI. 2c 
Fritting, \'l. :ul 
Frohde’s reagent , 111. 321c 
Frothers (llol.it ion process), V. 
203d, 200c 

Froth-flotation jirocess, V. 
263d 

Fructolysis, VI. 71a 
Fructose (.see a6sa La’\ulose), 
11. 2H26, 2S0a 
- - in iniilin, II. .30:i« 
Fructosidase. IV. 31.36 
Friihling’s extractor. 1\. .7Sld 
Fruits, diied, sjiraviiig, \ I. 
2()<)d 


— .stor.'ige, I'lfecl. ol ('thvlene, 
V. 20.76 


“ Fuadin," see “ Foutuhn. " 
Fuchsia, I. .770e 
Fuchsine. adsorption 1)N iice 
protein, 11. .7(l2f^ 
Fuchsisenecionine, V. 330e 
Fuchsite, eliroinuini m, Hi. 006 
Fucin, 1. 2011a 
Fucitol, y. 330e 
, trityl, V. 330d 
Fucoidin, 1. 20()a 
Fucosan, I. IJtOe. 200a 
Fucose, 11. 2S7c 
Fucosol, V^ 330d 
Fucosterol, T. lOUe, 2()0e 
Fucoxanthin (see also Carote- 
noids), I. 201a ; 11. 31)Sa; 
V. 330d 

Fucus vetiicidosus 1. 1906, 2tHd; 
V. 330d 

Fuel (see also under (^arboni^.a- 
tioii ; t'nal carbonisation: 
Fuel, gaseous ; Motor fuel), 
V. 33fa 

“ Fuel, colloidal,” V. .301a 
Fuel, gaseous (see also HoUlc 
gas; Fuel), H. 

— , 1j(|iiid, from coal, V . 3786 
“ Fullpulver 02,” JV. 407a 
Fuel oil, 111. 423d; V. 378a, 


- oils, production, II. 42.'jd 
- pulverised, V. 30 1 a 
Fuels from coal, V. .300e 
- .nseoiiH, cal. val.. V. 3.32r 
^ lii|ijid, cal. val., ^ . 332f 


Index 

Ful t i i ge n etin, iwoFukuepuelin, 
V. 381rt 

Fukugetin. V. 3S0a 
Fukugi, \'. 380a 
Fuller's earth (sec also Adsorj)- 
lioii ; MonlTnonllonite). IV. 
217o; V. 381c 

, Jap.inosis VI. I.'s2n 

Fulminates, 1 V. .73.7d ; V. 3S 16 
Fulmme acid, V. 382d 
Fulminuric acid, F.hrenheig’.s, 
V. 3.S7a 

isoFulminuric .icid, 3.S0a 
Fulminuric acids, a- and S-, 
y. 385a. 3.s«W 
Fulvenes, III. .7316, c 
Fulvic acid, \ . y.Ut 
Fumaric luul fioin neinld fer- 
inentation, V. .706 
and inaleie .icids, V. 387a 

— , ideiitilxing tests, 

V. 38.Sa 

Flunarine I'.fv also 1‘rolopnie), 

V. 388d 

Fumes, part lele si/e, IV. 1>.76 
Fumigant loxieOx, tnne-eon- 
rent r.'ition cnrvi's, V. 3016 
Fumigatin. V. .71a 
Fumigation, < Jdoropicnn, 

3976 

against \ennm and p«\sts, V. 

388r/ 

- , bactericidal act ion, V. 3916 

, carbon dioxide, II. 30Ie ; 
V. 30 Id 

, disiilpbnb', 11. 3l2e, 

311a; V. 3906 
, tetrachloride, H. 311a; 

V. HJlOd 

, rblorobiMi/.ene in, H. .311a 
, coal tar naj»htha. \. 397d 
, 0 - and y>-ilicldoroljenzeno. 
V. 397a 

--,oth>l anti metiivl formates, 
V. 397d 

- etli>lene diehlonde, V. 390r/ 

. - - oxide, II. 301 e ; V. 3‘t.76 

In drocv.inie aeid, III. I<»16 ; 
V. 3!»2d 

. hydrogen snliibide, V. .397d 
, methyl bromide, V, ;J97a 
. niLroheij/.ene, II. 31 la 
, pentai'Idoret bane, V. 39(lff 
])hosphine, V. 3ti7d 
- , [lotassiiirri t hlociirhonate in. 
11. 3Ha 

- , jjjTidme, TI. 31 la 

sulphur dioxide, V. 39.7a 
— , tetrachloroethylene, 1. !>9c 

- ttjxieity dein. of reagents, 

V. 3896 

- .trichloroethylene, I. 103d; 

V. 397« 

— , — mixtures, V. 3t)0d 
— , M’arniiig gas in, V. .3916 
Fungicides, furfural, V. 1016 
copper, II. 30d ; HI. 3.7.7d, 
3786 

— , xanthnteH as, If. 3l3d 
Fungi containing ergostorol, 
IV. 32ric 

Fungisterol in ergot, IV. 331c 
Funiculosin, V. ofic 
2-Fur aldehyde, mr Furfur- 
aldehyde. 

Furan, V. 398^^ 

- derive., nomenclature, V. 4006 
— . 2 -hydroxymethyl-, -5-car- 

buxylic acid, V. .72a 
— , ethyl-, V^ 4006 
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Furanose' sugars, 11. 282d 
Furan, ixaictioim, V. 399e 
Furfural or furfuruldehyde, V. 

400( 

Furfuraldehyde ethylacetal, 1. 
30c 

- - - from bran, 1 1, 02d 
Furfural from cellulose, 11. 
t02c 

o.ils, IT. bSOr 
s> ntlietic resiMH, V. 1106 

Furfuran, \’. 398c 
Furfurine, 402c 
Furfurol from pentoses (,scc 
aho Furfural). 11. 2876 
Furhiryl alcohol. V. 40t)6, 4 Old 
— , m calTeol. H . 1 986 

Furil, \’. 402a 

- Tc-dioxime. pn'pn. and use 
as Ni re.igiMit, H. 012c ; V, 
I02c 

Furine, \ . 402c 
Furnaces, assa\, 1. ;71!>d 
I Furoic acid, .see Vhirliiral. 
Fimoin, \'. 402a 
Furunculin, V. 402d 
Furyl alcohol, ^cc hhirfural. 
Furze, VI. 12.7a 
Fusain, V. 3.71a 
Fusanols, W 402rf 
Fusanum wp/i., alcoholic f(*r- 
meiit at ion, W .7 la 
Fusel od (see atsoA\uy\ alcohol), 
1. 1786, 300a ; V. 403a 
, detn. of KI4)H and ll^O 
in, V', 4(tiSa 

- . elTt'cl of yeast spifies on 
composition, V. 407r; 

in lac(|uers, 11. 409a 
, potato and corn, W 4()0a 

- . removal from spirits, V. 
107a 

, separation of alcohols in, 
V. 107d 

.syntlielic (see a>lso Ace- 
tone; JhitsI alcohol). H. 
17 Id; V. 1076 
Fusible metals, 1. 098a 
Fustic, IV. 1206 
Fustin, VI. 886. 

Fuze ]>o\\ der, IV. 1.796 
, sah lv, IV. 1796 


G 

G-Acid, IV. 209d 
y-Acid, IV. 209d 
Gabbro, V'. 4086 
Gabriel reaction, H. 370a 
Gadoleic acid, HI. 2476 
(soGadoleic acid in chaul- 
moogra oil, 11. .722d 
Gadolinia, V. 4116 
Gadolinite, II. .7126; IV. 

245c, 321c; V, 4096 
Gadolinium, TI. 71 Ic ; V. 409c 

— acotylacetone, V. 41 2d 
, arid selenite, V. 4126 
carbonate, V. 412r 

, comidex cyanides, V. 412d 
dimethyl jdiosphate, V, 412c 
formate, V. 412c 

— halides, V. 411c 
“ nitrate, V. 4126 

— , organic salts, V. 412c‘ 

— orthoi)hosphate, V. 4126 

— oxalate, V. 4 12c 

- oxide iftid hydroxide, V. 4116 

— platinocyanide, V. 412c/ 
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OadoUnium potasBium chro- 
mates, y. 412b 

— salts, fractional separations, 

V. 4100 

of halogen oxy-acids, V. 

411d 

— selenate, V. 412a 

— sulphate, V. 411d 

— sulphide, V. 412a 
sulphite, V. 412o 

Ga^us spp., 111. 244c 
Gsrtnera naginata, III. 257^ 
Gahnite, V. 413a 
GahnoBpinel, V. 413a 
Gaize, II. 140b 
e-Gcdactan,” VI. 201b 
Galactan - sulphuric acid 
eater, blood anticoagulant, 
II. 23d 

d-Galactin, V. 510c 
Galactocarolose, V. 58a 
Galactogen, LI. 302d 
Galactose, 11. 282b, 280a, 50(Jc 
— , 2-amino-, 111. Old 
jS-Galactosidase, II. 200b 
Galactoside, VI. 82c 
Galacturonic acid, II. 207d 
Galaiatite, V. 413b 
/-GalsJieptoae, II. 280d 
" Galalith,” V. 413b 
Galazn-butter, I. 054b 
Galanga root, V. 413b 
Galangin, V. 41.3d 
Galaxite, V. 414b 
Galbanum, V. 414b 

— oil, II. 188d 

, presence of cadinol in, 

II. 190b 

Galbaresiziic acid, V. 414c 
Galega offlcinalia, V. 414d ; Vi. 
88b 

Galegine, V. 414d 
Galena, II. 25b ; V. 415a 
Galiosin, V. 41Ga 
Galipea offlelnalin. III. 402b 
Gallpine, III. 402d 
Galipoidine, III. 402d, 40.3a 
Galipoline, 111. 402d, 403a 
Galipot, V. 415c 
Galium and G. sjjp., I. 510d ; 

V. 416c 

Galla B.P., V. 426a 
Gallacetophenone, V. 417a ; 

VI. 400a 

Gallic acid, IV. 277b ; V. 417a 

, detection and detn., III. 

668d ; V. 418o 

, dyes from, V. 418a 

fermentation, V. 50a 

, oxidation, V. 417c 

, qualitative reactions, II. 

670c 

— — , salts, V. 418c 
G^sin, II. 200a 
Gallium, V. 418c 

— acetate, V. 422c 

— acetylacetone, V. 422a 

— alloys, V. 410c 

— “ alums,” V. 421 d 

— chlorate, V. 420d 

— , crystal structure, V. 4106 
— , detn., gravimetric, 11. 502d 
— , — , volumetric, II. 057b ' 

— dibromide, V. 42Dd 

— dichloride, V. 420b 

— di-iodide, V. 420d 

— ferrocyanide, V. 422c 

— halides, V. 419d . 

— hydroxide, V. 4212^ 

— iodate, V. 420d 
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Gallium monochloride, V. 420c 

— monoxide, V. 421a 

— - nitrate, V. 422a 

— nitride, V. 422a 

— , organic salts, V. 422c 

— oxyiodate, V. 420d 
^ perchlorate, V. 420d 

— phosphates, V. 422b 

- phosphide, V. 422b 

— , properties and spectra, V. 
410a 

qualitative reactions, 11. 
655c, 500d, ,50Ha 

- selenate, V. 422a 
.sesqui oxide, V. 421a 

- silicotungstate, V. 422c 
-- suboxide, V. 42lb 

sulphates, V. 121 d 

- sulphides, V. 42 Ic 

- thermometers, V. 410d 

- irialkyl and triaryl, V. 422a 
tribromide, V. 420c 

- trichloride, V. 420a 
trilluoridc, V. 410d 

- tn-iodide, V. 420d 
Gallocatechin. II. 438c 
Gallocyanine, 1. 500b 
Galloflavin, V. 423b 
— , structure, V. 424c 
t^oGalloflavin, V. 423b 
— , tri methyl-, V. 423c 

” Gallogen” {"gtdlol ”) 118c 

Gallo tannic acid, V. 424r/ 
Galls, V. 424d 

— , Aleppo, 3’ijrkey or Levant, 
V. 42.5b 

, bacterial plant, V. 420c 
— , crown-, V. I20d 
— , plant, caused by cheniicale, 
V. 127a 

, cedar-apphj rust, fungi, 
V. 427a 

-, — .insects producing, V. 
. 42.5a 

Gallus domesthuN, 1V^ 2.53d 

Galuteolin, V. 427b ; VI. 88b 
Galvanised iron, 111. 307c ; V. 

427b 

, electro-, IV. 207a 

” Galvene,” 111. 77a 
Gamabufogenin, 11. 388b 
Gamabufotoxin, 11. 38Hb 
Gambler or Gamhier catechu, 
II. 433b 

— cube, IT. 433b 

Gaznbine H, IV. 10a 
Gamboge, II. 188c, 237a ; V. 
427c 

Gambufogenin, IJ. 388b 
Gambufotoxin, 11. 388b 
Gamma acid, IV. 200d 
” Gandkaki,” I. 490a 
Gangue inodihers, V. 205d, 
2G6a 

Ganister, V. 427d 
” Ganister, bastard,” V. 428a 
Garancine, II. 74c, ,524d 
Garbage fats, V. 428a 
— , reduction processes, V. 428b 
Garcinia spp., I. 6546 ; II. 237a ; 

IV. 506 ; V. 380o, 427c 
Garcinin, garcinol, V. 380a 
” GardenaU'* I. 023a 
Gardeni^^randiflora, G. spp., 

Gardenic acid, V. 428d 
Gardenin, V. 428d 
Gardeniol, V. 428d 
Gariic, V. 429a w 

— oil, I. 2506 ; V. 420b 


Garnet, 1. 4c ; V. 429b 

paper, V. 420d 

Gamisrite, V. 429d 
Gas, air, V. 430a 

- analysis, 11. 674d 

, density method, II. 686c 

, fractional condensation, 

II. 685d 

physical methods, II. 
085d 

, Hainan sjlfectra, II. 687c 

- “ refracl/ivity method, II. 

687b 

, spectroscopic, absorption 

spectra, II. 687c 

, — , emission spectra, II. 

687b 

, thermal conductivity 

method, II. 686d 

viscosity method, II. 
687tt 

- , blast-furnace, II. 345a ; V. 

376b I 

, Blau, 11. 3b 
-bleaching of wo(])l, II. 16c 
— , blue cross, II. 25fl ; III. 11c, 
J4b 

, shell, III. ' 

, — water, II. 345a\; V. 480b 
— , bottle, V. 480b 

- burners, charactcrklics, V. 

246d \ 

carburetted water, II. 345a 
Gas, coal (see aho Carboni- 
sation**; Coal carbonisa- 
tion), V. 430d 

— , ammonia recovery from', 

indirect process, V. 459a, 
461a 

- , - , and by-products, yields, 
V. 468d 

, — , benzole extraction from, 
in oii-washei*s, V. 464c 

, — , , with activated 

carbon, III. 270d ; V. 405c 

-* — , , — silica gel, III. 

270d 

- , , calorimetry, recording 

apparatus, V. 476d 
, — , combustion, ” Ott num- 
ber,” V. 470c 
— , — tesLs, V. 479b 
-. — , composition, V. 4.5.3a, 
460a 

- , — , condensation of hot, V. 
453b 

— , detection of hydrogen 
sulphide in, V. 478c 
, — , detn. of constituents, 
11. 674d, 081c ; V. 478d 

— , total sulphur, V. 

478b 

- -, drying, V. 467^ 

— , from retorts and ovens, 
comparison, V.' 453a 

— , , hot treatment, V. 

446d 

— » generation of hydrogen 
sulphide in gas holders, V. 
408c 

— , gum formation in, V. 
468a 

— , history, V. 430d 
— , holders, V. 473d 
— , iron carbonyl in, II. 357b 

— , legislation, V. 433a 

— , manufacture, disposal of 
effluents, V. 461c 
— , — , exhausters in, V. 
467b 



Gas, coal, manufacture, waste 
heat boilers in, Y. 4416 

- . — , purification from cyano- 

gen compounds, V. 46tid 

- — , hydrogen sul - 

phide, V. 4fJlc, 467a 

- . — , naphthalene, V. 

454d, 404a 

— , — , organic sulphur 

compountfl), V. 405d 

- , — , purifiers, V. 40lc 

, — , retort connections mid 
mains, V. 447a, 4r)36 
— , — , — setting, operation, V. 
440d 

- , — , tar fog extraction, V. 

458r 

— , valuation, “ hydmr.ir- 
bon enrichment, value,” V. 
469a 

Gas coal, bituminous, V. 4376 

■ , brown coal or lignite, V. 

4376 

-, cannel, V. 437r 
- — classification, V. 342, 
437d 


- valuation, V. 137f/ 

- defence, Chemical war- 

fare defence. 

Gases, adsoriitiou hy charcoal, 

I. 148c, ir»0a ; 11. 3176 

- , inert, defection and detn., 

II. 5796, 681d 

— , toxic, respirators' for. 111. 1 86 
— , war, bibliograpliy, 111. 176 

- , — , blistering, lachryma- 

tory, lolhal, irritant, and 
prickling, fiCf (^bemical war- 
fare. 

- , — , tear, (.lases, war, 

lachrymatory. 

^ ^ vesicant, »cc (lascs, war, 

blistering. 

Gas, iKpieflcd hydrocarbon, II. 
36 ; V. 1806 

-liquor and its dislillafion, T. 
342d, 3 Mr/ 

- mantles, V. 481r/ 

— , artificial silk, V. 483(/ 

caiLsc of luminosity, Y. 


48Sa 

“lighting fluid,” V. 484rf 
__ ramio, Y. 4836 

, self-lighting, V. 487r/ 

spiderles.s, V. 4S7f/, 

, Welsbach, Y. 4826 

masks. III. 186 

- , natural, '‘.stripping,” V. 

480r; 

- , oil, ga.seous fuels from, II. 36 
Gasoline recovery, 11. 31 9r 
Gasparcolor photography. II. 

Gas. perfect, definition, \J. 
4lk413rf 

poison, »('C (his W'ailare. 
Tirickling, 111. 

- , producer-, sec rroducor-gas. 

’ suction, .sec Suction gas. 

Gastrolobi urn calycinum. 111. 

537d 

Gas warfare. 111 . 76 
_ - defence, 111. loa 

vvarmng, Y. 480rf 
water Carhurettod 

’ water gas; Coke manu- 
factiH’e ; ITuel ; Gas, coal), 
II. 3ir>a ; Y. 489a 
air-steam ratio in pro- 
ducing* Y. 497a 


INDEX 

Gas, water, automatic valves 
for, V. 4916, 494r5 
' , — , blue, II. ll4oa 

, — , carburetted, see Car- 
burettcKl wat-er gas. 

, — , continuous production. 

Y. 5016 

, — , equilibrium, V. 368f, 
49r>r/ ; YI. 200c, 318r, 325r 
-, — , generator, V. 490c 
, — . reaction in, V. 49.5c ; 

VI. ,32.5c 

, , history, V. 489a 

, , operation cycle, V. 497f/ 

, , — of plant, V. 491 r/ 

, - plant and proce.ss, I. 
331c ; II. 31.5a ; V. 489a ; 

VJ. 32.5c 

. -, production of hyilrogen 

from, 1. 331c; 11* 12.3r/ ; 
V. .5(f2(/ : VI. 32.5c 
, — , react ions in producing, 
V. 49.5c 

works products, analysis, 
111. .51 Id 

Gattermonn reaction, II. 370a; 
in. ;5.S5d 

Gauging of ceinenlH, 11. lUOd 
“ Gauging jilaster,” II. 132r/ 
Gaultheria pnxnunhnis, (>. spp., 
V. .50.3c; VI. '.•2a 
Gaultherin, 1. 0926 ; \, 503f‘ ; 
VT. 92a 

Gaultheriosidi), V. 503^’ ; VI. 
886 

Gauss electrolytic cell, 111. 5Jd 
Gay Lusssac’s law, A' I. 4126 
Gease, IV. 3146, 39ld 
Geddic acid, VI. 1506 
Gedrite, I. 302d 
Gegenions, HI. 28la, 2H.5d 
Gehlenite, 11. 140d, 228r 
Geijerene, V. 503r 
Gein (geoaido), IVh 39 If/ ; VI. 
8Hc 

•, vicianose in, 11. 3006 
Geissospermine, V. r>03f/ 
Geissospermum vcllos li, a I k a loi 1 1 
V. 5036 

Gelatin (see also Glue and glue 
testing), V. 5046 
- aniino-aeids, contents, \ . 
.5006 

analysis, V. 509a 
as protective colloid, 111. 
287a 

hichromated, II. 4.52f/, V. 
,500c 

, bone, V. .50.56 
, detn. in paper, V. 500c 
dynamit<3S, IV. 241c 
.fluid, I. 29.3f/; V. 269c 

- gels. III. 291tt ; V. .5076 
— , gold nuinher, HI- 287c 

, hydrolysis and ({uality, 
.500d 

- in photographic tUm, II. 418a 
Gelatinisixig agents lor smoke- 
less powders, IV. .523c 

Gelatin, isoelectric point and 
properties, V. .50.5c 
, photographic, V. .508c 
— , physical teste, V. 508c 
GelatbiB A and B, Y. 505d 
— , hide and skin, V. 5046 
Gelatin solutions, pa, V. 5006, 
5096 

^ visdbsity, V. 508a 

— , sulphur dioxide in, detn., V. 
3066, 609c 
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Gelatin, uses, 11.^86 
Gelation hyston^is. 111. 2916 
“ Gelignite,” lY. 212a 
Gelose, Y. 519r' 

Gels and gelation. 111. 291a ; 

V. 5076 

Gelsemic acid and gelsemicinc, 

V. 510c 

Gelsemidine and goLseminine, 

V. 51 Oc 

Gelsemine, V. 510c 
Gelsemiuzn, alkaUiids, V. 510c 
Gelsemoidine, V. r>10f/ 

” Ge/ua,” I. 9()c, 94r/ 

Gems, iirtdicial, V. 511c, OOof/ 
Gemsbok beans, V. 514f 
Gems, doublet and triplet, V. 
513d 

— , inutation and couiilerfeil , 

V. 5136 

Geneserine, 11. 199d 
Geneva, A'. 5326 
Genins. II. 3816 
Genista tnirlnnn, IV. I89tt ; ^’l. 
88c 

Genistein, genistin, IV. 189a, 
d ; V. 25t»d ; VI. 88c 
Genkwanin, V. 5146 
Genthite, V. 430a 
Gentiagenin. V. 5156 
Gentiamarin, V. .51.56 
Gentian, V. 515a 
Gentiana hden, d. spp.. 111. 

.5.51c ; W 51.5a, .510a 
Gentianin, III. 55 Jc ; V. 516a 
Gentianose, J 1 . 2826, .301 a ; V . 
51.5d 

Genticaulin, prirneverose in, 
n. 3006 

Gentiin, V. 5156 
Gentiobiase, 11. 412c 
Gentiobiose, 1. 357d ; 11. 

2986, 29116, 142c ; V. 5101* 
Gentiopicrin, V. 5156 
Gentisein, V. 5106 
Gentisic arid, V. .53a; VI. 
202a 

Gentisin, V. .51.5d, 5166 
Genkwanin, V. 5146 
Geocoronium, 1. 539a 
Geodln, V. 586 
Geoffroyine, V. 517a 
*' Geoform," Yl. 14la 
Geoside (goin), VI. 88c 
Geosol. IV. 394d ; VI. 140d 
” GeosotCt^' antiseptic, IV. 286 
GerEUiial, 111. 183d 
Geranic acid, Til. 184a; V. 
5176 

Geraniol, V. 517a 
Geraniolene, V. 518f/ 

Geraniol in [lerfurnes, V. 5186 
, occurrence, II. 249c; ill. 
J83c, 191a 

— , reduction, II. 420d 
cvc/oGeraniols, V. 517c 
Geranium (artificial ), Y. 519a 

, essential oil, V. 519o 

- oil, Indian, V. 519c 

- - — , Turkish, V. 517a, 519c 
Geranyl festers and Mo ether, 

Y. .518c 

— -glucoside, VI. 88o 

“ German alloy,'’ T. 253o 
Germanam, Y. 625c 
Germanatea, thio-, and esters, 
V. 52,56 

Germane, mono-, chlorine 
derivB., V. 622c 
— , triphenyl-, V, 62ec 



INDEX 


r )«6 

Germanic acids, ortlio- and 
ineta-, V. 524<* 

’ - nitride, ethyl-, V. 520?; 

— oxi<le A/Ud allotropfis, V. 524a 
, ethyl-, V. 5266 

— sulphate, V. 5256 

— Bulpliidc, V. 525a 
Germanide, sodium triphenyl-, 

V. 526r 

Germanite, V. 519c 
Germanium, V. 520c 

— alkyls, V. 525d 
-alloys, V. 5216 

— - aryl doiivs., V. 5266 

hisacotylacetoiio dicldonde, 
V. 527c 

— bromide, e( liyh.foj)ropyl- 

plienvl-, V. 5276 
. triothvl-, V. 520a 
, dctn., ir.' 5656 

— di- and totra-halidc’.-, V. 

522d, 5206 

dihromide, diethyl-, V- 520a 
, dijihenvl-, V. 520d 

- dihydride, V. 522a 
• - diphenyl, V. 5276 

— fluorides, V. 5226 

- hydrides, mono-, di-, and 

tri-nermano, V. 52 Id 

— imides, V. 525c 

qua lita live reactions, 11. 
555ffl, 558a, 571a 

— tetrahydride, V. 521 rf 

— - tetraphenyl, V. 5206 

^ - tri-iodide, ethyl-, V. 5206 
Germanochloroform, V. 522c 
Germanol, trijdienyl-, V. 52 Od 
Germanome thane, V. 52 U/ 
Germanopropane, octa- 

phenyl-, V. 527a 
Germanous oxide, V. 523d 

— sulphide, Y. .525a 
German silver, V. 519c 
Germerine, VI, 20()d 
GersdorfT.te, I. 40l)a ; V. 529c 
Gesnerin, V. 529d 

GetELh wax, V. 171a 
Geum urbauunt, gem from, IV. 
3114 d 

Geyserite, Y. 5306 
Ghedda. V. 5306 
Ghee, 11. lOSc ; V. 5306 
" Ghee, vegetable,” V. 531d 
Giallolino, V. 531d 
Giant ion, III. 28 Ic 
Gibb’s adsorption i.sotliorm, 
III. 2826 -, TV. 2R4d 
Gibbs electrolytic cell, J I f. 53a 
Gibbsite, T. 2846 ; V. 532a 
Gilsonite, V. 532a 
Gin, V. 5326 
— , adult-t'ration, V. 533a 
Gmaelly oil, arc Sesame oil. 
Ginger, V. 5336 
— , adulteration, V. 5356 

- - beer, I. 1586 

— , essential oil, V. 535d 
Gin^^grass, essential oil, V. 

Gingerol, V. .533d 
“ Gmger, wild,” 1. 498d 
Gingiu oil, arc Sesa.m4 oil. ' 
Ginkgo, V. 536a 
Ginkgoin and ginkgo], V. 536a 
Ginnmg, cotton, II. 4616 
Girard”s reagents, V. 5366 
Girofl4, I. 577a 
Gitalin, II. 384a < 

Gitonin, II. 384a ; VI. 88d 
Gitoxigenln, II. 382a 


Gitoxin, Jl. 381a ; VI. 88d 
Gladstone and Dale’s formula, 
V. .5406 

Glaserite, 1. 4506 
Glaser metlnKl, V. 78c 
Glass, 1. 550d ; V. 536d 

absorption and transmission 
of light by, V. 54 6d, 517d 

- “ -air surfaces, refleclion at, 

loss of light hy, V. 5516 

— ampoules, 14.1*. test, V. 530d 

- -annealing kdns and lehrs, 

V. 596a, 597 
, — range, V. 595c 
heads, V. 605c 
, best eryslal, V. 56 Ic 
, birefringence under stress, 
V. 5956 
black, V. .564d 

blowing mat blue, Owen's, 

V. .581c 

, horosilicale, 11. .51a 
liiiilding-hricks, V^. .5t1.5fi 
, clu'iiiieal, V'. 561c 

- , coliesion (enijjoral lire, 

5 I Id 

, celnuied, V. 558a 

hv eolloiiJal An, (.'u or Se, 

V\ 55Sa 

, eoloiirmg, with cliroiiiiiini, 
V. 56 Id 

, - , - cohah , V. 561c; .505a 

- , - , — co]>per, V'. ,561d, 504f^ 

, — , — manganese, V. 561 d, 
565a 

- , - nickel, V. 562a 

, - selenium, V. 502a, 

56 4 d 

. — uranium, V. 56 Id, 
.56.5a 

, compound, V. 596c 
, compressiluhtv, V. 5516 

— constituents, properties of 

silica and its compfiunds, 
V. 577 

— I copper films on, V. 60.3d 
-- , decolorising, chemical and 
physical methods, V. 571a 
— , decoivilion, bevelling, V. 
600c 

— , — , c.asing, V. 5!19d 
— , , cutting. V. 609o 

— , , engraving, V. 6006 

-- , — , etching, V. 281c, OOOc 
, — , .sandblasting, V. 6016 
— , , Rculiiturc, V. 600c 

, definition, V. 537d 
, devitrification, V. 575a 
— , dielectric const.int, V. 553a. 
— , — loss in, V. 553a 
— , — strength, V. 5536 
— , dispersion and refraction, 
V. 544a, 546a 

drawing machine, J^^ird’s, V. 

594a 

^ I?'oiii’c,a nit ’s and 

Pittsburg’s, V. 591c 
— , (liirahilit V, powder test, V. 
539a 

— . — , te.sts for, V. Ti.'lOc 
— , elastic after-working effect 
in, V. .5516 

— , — pi-opertios, V. 5536 
— , electrical conductivity, V. 
5526 

' — , enamelling, V. 605a 
Glasses, coloured, infra-red 
t ra nsmission , V i' 54 96 
— , — , visual trail smission, V. 
54ga, 5506 


Glasses, lead-containing, V. 
556c 

— , lime-soda, common, V. 556a 

— , t)rganic safety, V. 609d 

— , safety, laminated, V. 0096 

, .solan sat ion effect on ultra- 
violet transmission, V. 5516 
ultra-violet, transmission, V. 
551c 

Glass, evaporatfed metal 111ms 
on, 6046 

— furnace, Cornelius, V. 571c 
grinding and polishing 

maclimeK, V. 596d, 59S, 
590 


, liardemiig, V'. 5966, OOKd 
, lieal -resisting, V. 5576 
, imiiiiet strength, V. 55.56 
, iridescent , V. 60 Ic 

— , lainpvvorking, V. 557a 

- lustres. V. 604c 
Glassmaking, hidw mg and 

jiressing machines, V. 5S2c 
, pot furnaces for.iV'. 567a 
— , ” PvTcdior ” in, v\, 55t)d 
, rasorite in, V, 55lW 

- , raw’^ mat.erials for,\ 55Sr’ 

, refractory materials in, V’. 
565c ' \ 

— , si I lea for, V. 558c \ 

— , lank furnaces for, V’. 567d 
Glass manufrui lire, batches in, 

\ . .51 ;2 

melting furnaces, cleelric. V. 
570d 


lirocess, V. 5736 
-, culJet in, \'. 573d 
— , moisture elTect, V. 
574 a 


, progress of read ion, 
V. 5726 t 



stages in, V. .T736 
volatilisation m, 


V. 


” Glass oI antiinonv,” J. 41.36, 
1176 

Glass, op.'il, ]ii' 0 (luclion, V. 
55S6, 561 c. .56 Id 
, opt. I cal, V'. 606c 

- , — lu-dfiert les, V. 546a 
• -- painting, V. 6056 

-, 1)1. it e and window, V. 5566 

- , Poisson’s ratio, V. 5546 
— , |)ow'dered abrasive, I. 4c 
— , projierties, \^ 538a 

- , red, copper ruby, V. 564d 

- , — , gold ruby, V. 5C4rf 

— , refradive index, V, 544a, 
546a 

— , reinforced, V. 6086 
, safety, 6086 

— , silvering, V. 00.3a 
' , ” softening iioint,” V. 542a 
, specific heat,' V. 543d 
— , — volume or density, V. 
5426 

— , s]icctral transmission, effect 
of temperature on, V. 647, 
518 

, spraved metal films on, V. 
6046 

— , sputtered films on, V. 6046 
— , staining, V. 60 Id 
strain, annealing, V. 5956 

— - — viewed in polarised light, 

V. 596a 

— , strength, effect of conditions 
on, V. 554c, 555a 
— , stress-optical properties, V. 
546c 
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Glass, surfaro (rnsion, V. ri-12/; 

- - , thfrnml affpr-working elltocl 

in, V. 554 r 

— , — conductivity, V. 5l5o 
— , — endurance, V. 515(1 
— , expansion, V. 51Sa 
“ Glass, Thermolux,^' V. SPoa 
Glass thread and wool manu> 
fact lire, V. 51116 
— , toughened? V. 50d6. 6086 

— tube inuehine, Danner’s V. 

5S!> 


- tubing inaiiufaelure, V. 5SI6 
— , viscoNity, \. 51Df 

— , visual 1 raijsiiiission, V. 5506 
Glassware, ('li('iui(-a I, general 
sclent die and Jieat-i'esist - 

ing, V. 550(/ 

- , dlummating, A’. 5506 
-- manufacture, V. 57 Hr 

— , melt ing otT and cra< king olT 
luacliines, W H026 

- , pressed. V. 5506 

Glass, Young’s modulus. A . 
5 5 dr 

Glauberite, IT. 2ddr 
Glaucanic arul. A . 506 
Glaucentrinc, \ I. Id 
Glaucic acid, \' . 506 
Glaucidine. \’i. Ir 
Glaucine, VI. la 
Glaucobilin, I. 001 ( 

Glauconic and, 506 
Glauconite, VI. Id 
Glaze, crystalline, A'J. 116 
— , dry, A’l. 2d 

- , granite, \ 1. Orr 

— , jel, and Majolica, AM. Sr 
— , red, VI. I2(i 
— , Houge Fl.imla^N VI. 12(r 
— , salt, A’l. :id 
Glazes and Ints, AM. 2r 
eraqiiele, VM, lid 
— , decorative, 1 la 
, leail, A" I . Sri 

- , leadiess, VI. Or 
— , slip. VI. Od 
Glessite, I. 0,()2d 
Gliadin, iJ. Hua, ,50.5a 

: glulenm ratio, 11. Sb. 50. *6 

- m Hour, II. 71d, Sir. H.5(/, 

- - gluten. Jl. Sir. .5(1 Ir, 5().5a 
Gliadins, me, 11. 4026 
Glimmerton, III. 10(ir 

Globlak." 11. 4S0(« 

Globin, sefui. from lia'iimtin, 


VI. 1016 

Globulin in blood seium, Jl. 
lOd 

Globulins, AM. 136 
Globulol, VM. 136 
Glonoine oih IV ■ 4 Old 
Gloriosine, III. 270( 
Gloriosol, AM. 0.h“ 

Glucal, II. 20 tr 
isoGIucal, I J. 211 1.’ 

^-Glucase, 11. 1 12^' ; JV . -S^d 
Glucinuni. ^ 
Glucocheirolm, \T. hS(r, 0J6 
Glucochloral, 


iUcoci«w*“*’ 
lucoerythrose, 11. 2.>Sr 

logallin. ' ' 


ucogallin. VI. SOa 
acofysis, VI. 71a 

uconasturtun. ^ 

uconic acid, 11. 28 j 6, 207a ; 

IV. 31ba , , 

Glluconic acid from mould 

crmenlation, ''' 

uconolactone, J?;. 

ucosaini»o m chitm, III. 346 


Glucosans. II. 2056 
Glucose (dextrose). II. 2S26, 
2Sla. 2S0a 

azo d’Vt's of catechol, II. 

12.^6 ' 

Glucoseen-1 :2. II. 205a 

5:0. 11. 20 Id 

Glucose, inutandnlion, AM. 
2.50a 

— , oxidation bv ceric salts. II. 
TilOd 

. relation to cellulti.se, 11. 45(a 

- . structure, 11. 2S56 

— units in fit d\ saccharides, 11. 

20 Id 

Glucosidase, lA . ,2126. 21 16 
Glucoside. delinition, AM. 826 
Glucosides. .scr Dl^eosiiles. 
/?-Glucosido-gallio arid. AM. 
.S<((f 

GlucotropeBoIin, VI. sOa 
Glucovanillm, A 1 . S06 
Glucoxylose. 11 2!(S6. 200r 
Glucuronic and, II, 207d ; N’l. 

21 a 

Glue, adhesive stit'iiglb, 1. 
11 2c; AM. 2S6 

•iiul glue test mg (■'''cc aluo 
(Jelal III ), AM. 21a 
, bone, ina niilael lire, AM. 23a 
, easein. II. 1116 
, tisb, AM. 2.5(1 
. foam del 11 ., \M. 206 
^ .lelly stiamgl li. AM. 20d 
, litpinl, 1 )um'uiliirs, \'. 500a 
, melting i>oiid, \M. 27d 
, reaction, value, A’l. 20c 
Glues, bale and skin, manu- 
facture, A I 21 d 
Glue si/.e, \M. 256 

, sulphur diovnle eoidenl, \ I. 
20d 

— tensile slreiiglli measiire- 

meiit, VJ. 2Sd 
vegel.ilde. III. 570d 
, viscositv test, AM. 27c 
, via ter «ibsorpl ion test, AJ. 
20a 

Gluside, I\'. 2S(f 
" Gluside." antiseptic action, 
IV. 2Sd 

Glutaconic and, c(.s- .and 
b’((M.s-, VM. 306 

Glutamic .and, VI. 31d, 22a, 
25(f, 206 
as food, V 1 , 2,2c 
, ^-liydrow-, I. 21 Hr ; AM. 
2()d 

- , - , deln.. V I. 27a 
Glutamine, AM. 376 
d-£joGlutamine. VM. .'JHr 
Glutaminic .a,nil, VM 2 Id 
y - Glutamyl - cysteinyl - 
glycine, 111. 51 la 
Glutanic acid, VM. 39a 
Glutaric acid, VM. 39a 

, alkyl derivs., VI. 20(/ 

— - , a-amiTio-, V’l. 21 d 

--- - , methyl derivs., A 1. 20(/ 
, prepn., 11. 200a, 

— acida, Iialogeno-, AM. 20c 
, a-liydroxy-, AM. 2tla 

— acid. 1 -trihydroxy-, 1. 4.54« 
Glutarmono^debyde, A 1. 34a 
Glutathione, 111. 541a', IV. 

3116 

Glutelin, II. K5d 

— in malting, II. 88d 
Gluten, n. 84r 

— , detn., 11. 84c, 506a 


Glutenin, II. S56, .505a 
Gluten in baking, 11. 74d, 77r, 
84c, 50 Ir 

Glutenin in ihmr, II, 74d, 84c, 
H56, 505a 

gluten. 11. S4c 

Gluten, vvlieat. 11. 5(U6 
Glutimides, AM. 3Sd 
Glutin (m’ofwn (lelatm), 111.04c 
“ Glutinosa, " 11. 4S0d 
“ GlutoUn:' 11. ISOa 
Glyceraldehyde, VI. 566 
--- elhylaeelal, 1. 30c 
Glycerates. AM. 50c 
Glyceric and, AM. 406 
Glycerides (str aho Jluttcn’ ; 
hats ; Oils ; and imlividiuil 
gl>eerules), AM. Olc^ 

- , mixed and simple. AM. 4t.>d 

, mono - ami di-. preparation, 
AM. 05c 

«»ptnal isninci’s, \M. 05a 
“ , pol yiiu'iMsiit ion of un- 
sal urated. IV'. Std/ 

, tri-, m.p. 1 a bit's, VM. 60, 67, 
OS 

, . double and triple mell- 

ing iioiiils, VI. liOc, 676 
Glycerin (wt r aim tllycorol ; 
(dvceryl), VI. 40c 

- , aiial>sis,tletn. ol glycolH, VM. 

02a 

- , arsomc-free, VM. 106 

as i)i'est‘rvat I V e, V. 202c 
Glycerinates. VI. .50d 
Glycerin, eandlc crude, VJ. 4.5d 
cements anti lutes, A^l. 64r 

- , (M*. or ( In'inieiilly pure, VI. 

17a, ISa 

- , ermle, VI. 126 

, (list illril mn, V'l. 426, 466 
TvMlebcIl, VI. 126, 40a 
, det.ection and deln., V. 
2ll2d ; VM. 57a 

- ,(leln.. aeetm proeesR, A'l. 

57c, 006 

- , , et)piu'r proct'HH, VI. 57c 

, dicliitiiiiate ])roceHH, VI. 
576, 01 r 

, - , micro-Zeisel, II. 024a 
, dynamite, VI. 4 7a, 48tt 
Glycerine, srr (jlyeerin. 
Glycerin ev;i])onitt)r.s, IV. 
400a ; VI. 4,2c 

, fernientalion. 11. 4206 ; V. 
24d, 516; VI. 116, 46d 
“ Glycerin foots," VM. 70e 
Glycerin, i ml list rial uses (sec 
a/sa “M/Au/d" reHiriH ; Ex- 
idti.sives : lAiod preserva- 
tives; Ink), 11. 1406 

— protiuct ion, 11 4206 ; VI. 

116 » 

- , " rerined,’’ VI. 15(/ 

-- , sapoiiilication crude, VI. 
126, 1.5a 

Glycerins, enidt', jinaly.sis, 
by International Standard 
mellifids, VI. .5H(/ 

- dihfilletl, VM. t7« 

Glycerin, soap lye and saponi- 
fication crude, spociflca- 
tions, AM. 02c 

— , or soap crude, VI. 426, d 

— HtdidioiiM, freezing-points, 

VI. 046 

— stills, VI. 476 

— , syntiJfctic, from propylene, 
VI. 41d . 

— , Irinitro-, IV. 49Ic 
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Olyoerol, see also Glyoeridos ; 

Glycerin 5 Glyceryl.-^ 

““ a» solvent, VI. 5Bd 
— , b.p. and vtmoiir pressure of 
Bolutionsi VI. 536 

— formins, V. 3266 
, alkyl-, V. 327a 

— for nitroglycerin, IV. 4»ld 

— from momd fermentation, V. 

5*6 

— , nitric acid enters (hcc also 
Nitroglycerin), IV. 401a 
— , properties, VI. 48c 
— , refractive index of solutions, 
VI. BX, 52 

— , 8p.gr. and VI. 40, 50 

— , sulphuric acid esters, VI. 
60a 

— , viscosities of solutions, VI. 
.54, 5.5 

Glycerophosphoric acid for- 
mation by yeast {see also 
Fermentation, alcoholic ), 
II. V9d 

a - Glycerophosphoric acid 
formation in muscle, VT. 76c 
Glyceroxides, see Gly cerates. 
Glycerylacetal, I. 36c 
Glyceryl arsenite, VI. 60a 

— borate, VI. 096 

— ether of guaiacol, VI. HOd 

— ether, afl-i«opropylidone, V^T. 

70r 

— - ethers, diethyl and ditolyl, 

VI. 70c 

• - formate, a- and jS-, V. 326c 

— mono-, di-, and tri-chloro- 

hydrins, VI. 67d 

— a- and /3-rnonophosplioric 

acid, VI. 60c 

— phosphoric esters, VI. 606 

— phtlialate, see “ Alkyd ” 

resins ; “ Glypial ” resins, 
e — tri-a-elmostearatc, IV. 258a 

— trinitrate, see Nitroglycerin. 
Glycidlc acid, VI. 71a 

— esters, VI. 716 
Glycidol or glycido, VI. 71c 

, Glycine, VI. tld 

— anhydride, VI. 73a 

— esters, VI. 72d 
Glycine hispida, I. 050c 
Glycines, aromatic, VI. 72d 
Glycine, tests for, VI. 73c 

“ Glycobrom," VI. 73c 
Glycocholic acid, I. 680c 
GlycoooU, VI. 71d 
Glycocollazxiinocarboxylic 
acid esters, VI. 73a 
Glycocollate, heptanolmcr- 
curic, VI. 73a 

GlyooooU, oxidation, II. 2786 
Gl^ocyaznine, VI. 73c 
Glycogen, I. 16 II. 282a, 
302a, d 

— from yeasl , V. 1 3a 
Glycogfenase, V. 14c 
Glycogen breakdown in muscle 

extract, VI. 77c 

GlycoF (flcc also under Ethy- 
lene), IV. 3776 

— acetal, IV. 3836 

— carbonate, IV. 378a 

— chlorohydrin, IV. 3756 
ethers, IV. 3786 

GlyobUlo add, V. 73c 
Glyo<d, manufacture for ex- 
plosiyes, IV, 490e 

— monoethyl ether, IV. 378c 

— oiiidikte, iV. 378a 


gsm-Ol^ooIfl, dialkyl ethers, 

Glsrccd vinyl ether, 1. 01c 
Glycol 3 raiB (see also Fermenta- 
tion, alcoholic), 1. 557c ; 
VI. 73d 

— , activators and inhibitors, 
VI. 816, 82a 
— , aerobic, VI. 80c 
• — , anaerobic, of tissues in vitro, 
VI. 80a 

— . blood. VI. 746 
— , — , and clotting, II. 22d 

- - , co-zymase in, VI. 78c 

- ’ , effect of lack of oxygen and 

glucose, VI. 81c 
— , fluoride, VI. 81d 

- , glyceraldehyde, VI. 

82a 

— , — — iodoareiic acid, VI. 
81c 

- , -- K and Ca ions, VI. 816 

, phlondzin, VI. tSlr/ 

- in brain, VI. 706 

^ — muscle, VI. 74d 

tumours, VI. 806 

— , methylglyoxal in, VI. 7Hd 

- of sugars, VI. 82o 

— , pyruvic acid in, VJ. 816 
“ GlycosaW' VI. 826 
Glycosides, VJ. 826 

, biological significance, V^I. 
85a 


“ Glyptal *’ resins, L 238c ; 
II. 469a; VI. 64a 

in lacquers, II. 472d 

Gmelinol, VI. 100c 
Gneiss, II. 314c ; VI. 1266 
Gnoscoplne, VI. lOOd 
Goa powder, I. 4576 ; HI. 
1166 ; VI. lOOd 

Goethite, 11. 25d ; III. 366d ; 

VI. lOOd f 
Gold, VI. 101c 

— alloys, VI. 109c 

— amalgams, VI. 110a 

carbide, II. 2806, 2816 
.colloidal, II. 410c; 111. 

2876 ; VI. 1006 

— “ compounds {sec also Auric, 
Aurosoauric, Aurous, 
Auryl compounds), VI. 
llOd 


- — , inorganic, containing 

complex orgariic radicals, 
VI. 118d [ 

, organic, VI. 11J)6 

, co-ordination comijounds, 
VI. 111a \ 

- -copper alloys, VlL lOUc 

, co-valency, VI. l\la, 1216 
cyanides, 111. 4c6o ; VT. 
115a \ 

dotn., as.say, I. 524c 
-, — , elcctrocleposition, H. 
7Ula 


— , cyanoplioric (see also Amyg- 
dalin ; Emulsin), 111. 5^16 
, disaccharides in, VI. 8,3a 
— , enzymic synthcKiH, IV. 313d ; 
VI. 846 

, hydrolysis by enzymes (see 
also Enzymes), VI. 81c 
-, natural, carbohydrates of, 
VI. 82d 

, nitrile, VI. 83d 
phenolic, VI. 836 
— . purine and pyrimidine, VI. 
830 

. purpurea, A and B, 11. 884rt 
y-pyran derivs., VJ. 836 

— , steroid, VI. 83c 

, Hull>hur compounds, VI. .S3d 
— , synthesis, VI. 83d 
G^coxide, sodium, IV. 37 7d 
8-Glycuronic acid, I. 12a 
Glycyl ethyl ester glucoside, 
VI. 736 

Glycylglyceride, a-mono-, VI. 
736 

Glyig^erin, II. 40] d; VI. 

Glycyphyllin, VI. 80a 
Glycyrrhetic acid, VI. 086 
Glycyrrhetin, VI. 986 
Glycyrrhiza glabra (Radie hqui- 
ritia’), VI. 016 

Glycyrrhizic acid, detn., VI. 
08c 

Glyoxal, I. 806, 00r, 5(J5c ; VI. 

98c 

Glyoxalase, VI. 78d 
Glyoxaline, VI. 98d 

— -5-alanine, VI. 231c 
Glyoxal sulphate, 1 . 09c 

— trimeride, VI. 98c 
Glyoxizne, VI. 98d 
Glyoxylic aoid, VI. 99c 
, condensation with urea, 

VI. 1006 

, detection, VI, 100c 

Glyphenarsine, I. 4876 ; VI. 
lOOd 


— , — , gravimetric, 11. 587a 

- , — , volumetric, II. 6576 

- , diethylmonobromo-, and 

derivs., VI. 119c, 120o 
— , electrodeposition, IV. 265a 
Golden sulphide of antimony, 
I. 447a. 

- wattle, I. 11c f 

Gold extraction, " all-sliming ” 
methods, VI. 1056 

amalgamation, VI. 102c 

by flotation, VI. 107a 

crushing by stamps, VI. 
103a 

, cyanide process, III. 

4806 ; VI. 102c, 104a, 115a 
-- -, filtration of slime, VI. 

105d 

from cyanide solutions, 

VI. 106a 

ores, VI. 1026 - 

, gravel washing, VI. 1026 

- gravity concentration, 
VI. 102c, 103d 

— , Merrill - Crowe process, 
VI. 100c 

- ore crushing, VI. 102c, 

1036 

, separation of pulp, VI. 

105o 

— , slime treat ment, VI. 105c 

- — , Taverner process, VI. 106c 
, tube mills, VI. 3036 

, Faraday’s (see also Gold, 
coUoidal), VI. 1026 

- lilins from dieihylmono- 

bromogold, VI. llOd 
flux, 1. 566c » 

— , fulminating, VI. 110c 

- imido-compoimds, complex, 

VI. 118c 

iron alloys, VI. 110a 

- lace, VI. 1106 

- leaf, VI, 1106, UOd 

— , legal standards, VI. 110c 
— , Mannheim, VI. 122a 

- monobromo-, VI. Il3c ' — 



Gold, monochloro-, VI. Il 3 rf 
— , — ammino-, VI. 114 a 

dibenzylBulphido-, VI 
114 a 


— monocyanide, VI. 1156 

, monocyano-, diethyl, VI. 
121a 

, monoiodo-, VI. 11 4d 
, — , diethyl, VI. 1206 
, — , triethylphosphino-, VI. 
114d 

, trimothylarsino-, V^I. 
llld 

, mosaic, VI. 122a 

— number, III. 2876 

— ore, classifiers of ground, VI. 

103r 

— — , Dorr bowl cUissillev, VI. 

lOHd 

ores, VI. lOlfl 

— oxides, VI. 115d 

— parting by sulphuric acid, 

VI. 107d, lOflrf 

— , placer deposits, VI. 102a 
- ijowdom, IT. 118d 

— , precipitation, VI. lOfla 

— , pro]>erties. 111. 2876 ; VI, 

1006 


.purple, 11. 110c; V. .71 Hr: 
VI. 1226 

, p>ri(liiiolnchloro-, VI. I13rt 
, (jualilative reactions, II. 


500d 

, rare metals present, 
11. 5.5 k/, r)5(W/ 
relining, VT. ]07r 
— by eleeti’olylic doposi- 
tinn, VI. lOHa 

- - — , chlorine process, VI. lOSd 
, IVIoebius process, VI. 1 08rt 
, silver recovery from, VI. 


1 08a 


, sulphuric acid process, 

VI. 107(/ 

- ~, VVolihvill process, VI. 
1086 

- sails, VI. 117a 

-silver alloys, VI. I()7r/, lOOd 
.smelting, VI. 107c 
solders, VI. 1 106 
sols, blue and red (see also 
(told, colloidal), 11. 280c 
sulphides, VI. 1106 
sulphites, complex, VI. 117c 

- , gulpho-lolluride ores, treat- 

ment with cyanide, VI. 
lOOd 

- - tellunde, TI. 201c 

“ Gold therapy,” VI. 117d, llSd 
Goldthioglucose, VI. 119a 
Gold kming of silver prints, VI. 
1 17d 

Gold tribroniide (tribronio- 
pold)VI. 1116 
tncblorido, co-ordination 
compounds, VI. 1 13a 
trihydroxide, VI. 115d 

- , uses, VJ. 1106 
wares, VI. 1106 

, colouring, V^I. 110c 

" Gomenol," VI. 12.Sa 
“ Gommaline,*' I. 143c 
“ Gond babul,” I. 585a, 6 
Gondang- wax, V. 1716; VI. 
1236 

Goniometer, V. 1236 
Gooseberry, VI. 124d 
Gorlic acid, II. 5236 
Gorli (gorleyj seed oil, II. 6236 
Gor^e, VI. I25a 


mmx ^ 

” Gosio ea.s,” I. 479d, 483c 
Goslarite, VI. 1256 
Gossypetin, 1. 161c ; 111. 4056 
Goseypitone, HI. 405d 
Gossypitrin, III. 4066: VI. 
896 

Gossypitrone, 111. 400c 
Gossypium s]tp., V. 1.366 
Gossypol , apogossypol. 111. 

4076, 4086, 410a ; IV. 2.526 
Goulard's extract, lotion and 
water, 1. i5.5c ; VI. 125c 
“ Grahams salt.” VI. 12;5c 
Grains of Paradise, I. Itila 
Gramine, VT. 125c, |63c 
Granite, V. la ; VI. 126a 

aplite, ni. 32fl 

” Granite, bla ck V. imia-, \I. \ 
I27c 1 

Granite building stone, 1 1 . 137c 
— , grapliic. VI. 1266 
--.Mendip, Pel It, H. KHd; 
VI. 127c 

-pegmatite. III. 32d 
Granitite, VI. 126a 
Granulobacter perhnovorum , \. 
159c 

Grape, VI. 127d 

-- - fruit, VJ. 129a 

, es.sential oil, VI. 1306 

. pectin content., VI. 12Hc, 

I. 306 

” homy,” V’l. 128c 
juire, methyl anthranilate in, 
VI. 128c 

~ , preservation, VT. 128c 
-seed oil, IV. H6c ; VJ. 130c 

types, VJ. 131d 

Grapes, ripening, VI. 1286 
Graphic granite, VI. 1266 
Graphite (acc also Plack lea.il), 

II. 309a, 313d 

Graphitic acid, II. 309f/ ; VI. 

132a 

Graphitites, IJ. 310a 
” Grappiers,” Jl. 1356 
Graes-cedees , rapid drying, 

IV. 596a 

- -elotlLs, III. 326 
, Jleccaii, IJ. 482d 
ensilage, VI. 133d 

, driers for, VJ. 1 34 a 

Grasses, 111. 433a; VI. I34c 
Grass, Indian buffalo, Jl. 482d 
Grassing of linen, II. 1 Ir 
Grass land, VI. 132c 

, intensivo manuiing and 

grazing, VI. ]33c 

, lime dellciency, VI. J32d 

, phosphate doJIeiency, VJ. 

133a 

Graupen, I. 694d 
Grau-spieesglanzerz,. T. 4166 
” Graoocarnc,” I. 369c 
Grease, animal, VT. 13.56 
, black, VI. 13.5d 
, brown, V^I. 134d, 13.5c 
coatings anti Hlu.shirig com- 
pounds, III. 394d 
, curriers’, VJ. 1356 
, extraction, VI. 13.5a 
, fuller’s, VT. I35c 
~ , garbage, house or kitchen, 

V. 428a ; VI. 134d 

— (lard-) oil, VI. 135o 
molted stuff, VI. 134d 

- - oleine, distilled, VI. 135r 

— , packers’, VI. 134d 

- , packing-house, VI. 134d 
— , recovered, VI. 135c 
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GreajMZ, VI, 134c 

— , skin, VI. 1356 
— , stuffing, VI. 1356 
Grease, stearins, VI. 135a 
— , tankage, VI. 135a 
, whale, VI. 1356 
white, VI. 134d 
wool, VI. 135c 
- , -- fat, VI. 135c 
, yellow, VI. 134d 
Yorkshire, VI. 135c 
” Greasy stone,” I. 162 (j 
G reen, Acid Alizarin B, BO, 1. 

3936, 393c, 230c 
— , Aldehyde, 1. 193c 
Greenalite, VI. 135d 
Green, Abzarm, 1. 2056, 229a, 
307a 

UriUmnl, O, SK, 1. 
232a 

, I'yanine, 1. 232a 

, — - Cyanine i, I. 2056, 231a, 
lOJd 

- , ^ Direct, 0,1. 106c 
, Alsace, J. 263a 

, Aiithraqiiinone, OX, J. 406a 
, Aziiio, OB, I. .572d, 576a 
, Baryta, 1. 04 2d 
, Biiidschedler’s, VI. 418a 
, Brilliant, 11. 1056 
, BniuHwdck, JL. 1196; 111. 

11 2d, 3.566 

. Caledon, 2B, BP, HC, I. 
41.56, 424c, 4156 
Caledon .lade, 1. 205c 
, - --, 0,20,40,X,1.425d, 

425a, 429c/ 

. Cassel, J. 642d ; V. 297d 
, C'asselmann's, II. 4186 
, Chrome, 111. 1076, 112d 
, Chromium, JIJ. 107o 
, (;iba, O, VI. 4536 
, C3baiione, B, 1. 421a 
, Cobalt, III. 219a, c » 

-earth, VT. 136a 
- ebony, VI. 1366 
, Emerald, J. 478a; 111. 

1076; IV. 279c 
, Ouignet’s, HI. 1076 ; IV. 
270c 

- - , Iridanthrenc Brilliant, FFB, 

1. 42. 5o 

Greenland spar, III. 4406 
Green, Malachite, cryst., I. 
425d 

— , Manganese, I. 642d 
Greenockiie, II. 190d ; VI. 
136d 

Green, Pnnnelier's, HI. 1076 ; 
IV. 279c 

- , i^aris, 1. 478a 

, PriiHHian, 111, 473a- 

- , Hinmaun’s, III. 219a * 
Greens, Acid, 1. 120a 
Greensand in Jiase-exchaogo 

reaelionM, VJ. 2186 
Green, Scheele’s, I. 409a, 477d 
, Sr.liweinfurt;(h), I. .54d, 46Da, 
478a; IV. 279c 
, Stdedon Jade, I. 4296 

- stone, IV. 8o, .536 
Turquciise, III. 2196 

, Ultramarine, III, 1076 
— Verdigris, I. 64d 
— , Zinc, III, 113d 
G^ge, V. 94a 
Grenz-dextrins, III. 5686 
Grey dioth and grey yam, II. 
3d; V. 161d 

— , Indanthrene, K, 1. 420a, c 

• 


f 
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Groy, Methylene, I. 601)6 
Greyatone, 11. ISHc 
Griesheim cleeXrolytic cell, 

III. 60rf 

Grignard compounds, lumines- 
cent osidaiion, III. 2Hc 

— reagent, VI. 137a 

, action on carbon dioxide, 

II. H036 

, — — ethyl carbonate, 

11. 30.36 

— — , metal chlorides, II. 

367c 

, secondary reactants, VI. 

1376 

Grinding*, limits of tine, IV. 
08a 

Griseofulvin, V. 6 He 
Gri-Bhi-bu-ichi, VI. 137c 
GriBOU naphtha I ite-roche, IV. 
474d 

-- tetrylite couche, IV. 1876 
Grisoutine couche and roebe, 

IV. 5.6.36 
Grit, 1. 46 

— , building, 11. 137rf 
Grog, II. 5206 ; 111. lOOd ; V. 

606 tt 

GrossuleLT, V. 4206 
Grotthus-Draper law, \'J. 
137d 

Ground-nut, I. 461c ; VI. 

136a 

— oil, I. 464c 

Growan, 111. .S2c 

Growth fact-or or growl h-jiro- 
rnoting substances (see also 
Auxin; ileteroauxin), 1. 
6.686; II. 08c; V. 42(0/; 
VI. 1386, 4fl4a. 495c 
“ Guaicamphol," VI. 1426 
Guaiacetin, VI. 130a 
‘ ‘ Gu&iachinol,” VI, 1426 
Guaiacol, II. 4316 ; VI. 1396 

— acetate, 11. 431d ; IV. 3026 
— , antiseptic properties, IV. 20c 
— , azo-denvs., VJ. 1 4 Id 

— cacodylato, JI. 1886 

— carboxylic acid, VI. 1416 

— , conversion into catechol, II. 
4306 

— , detection and det-n., VI. 
130fl 

— in pharmacy, VI. 130d 

urine, VI. 1406 

salol, VI. 140d 

— sulphonic acid, alkali salts, 

VI. 140g 
tliio-, VI. 14 Id 

Guaiacum offirinale^ G. sanctum, 
VI. 142a 

Guaiacum resin, VI. 142a 
Gutfacyl aceUtc, VI. 1 ilc 

— benzoate, VI. 140c 

— carbonate, VI. 141a 

— chloToacetate, VI. 141c 

— cinnamate, VI. 140d 

— dicthylaminoacct-ate, VJ. 

]40d 

— ethoxyacet-ite, VI. 1 I la 

— glyceryl etlie^, VI. 140d 

— phosphate, VI. .14 Id 

— salicylate, VI. 140d 

— succinate, VI. ]40d 

— thymyl carbonate, VJ. 1416 

— valerate, VI. 140d 

— xanthate, thio-, VI. 141d 
" Gmiaform,'* VI. 14lca 

Guaiakinol” VI. 1426 
** Gmiamar” VI. 140d, 1426 


Guaiaretic acid, VI, 142a 
“ Guaiasanol,*' VI. 140d 
Guaiazulene, I. 119d 
Guaiene, VI. 1 42c 
Guaioi, VI. 1426 
— dihydroxy-oxide, VI. 142c 
Guaiyl acetate, VI. 142c 
Guanaxnines, VI. 1476 
Guanase, IV. 315a 
Guanchi, T. 4c 
“ Guanicaine,” I. 120d 
Guanidine, VI. 142c 
— , acetyl-, VI. ]45d 
— , alkyl and aryl derivs., VI. 
140a 

allylinalonyl-, VI. 140a 
amino-, VI. I I8d 
- , ' condensation pniducts, 
VI. 1.60o 

— , detii., VI. I 106 
bromo-, VI. 1176 
-, chloro-, VI. 1 176 

- comfHiiindH vilh sugars, VI. 

H.3d 

- , a-cyaiio-, V'l. 117c 

-, detection, VI. 1446, J4Xi6 
, detii., colorimch'ic, VI. 1 13c, 
1 146 

, — , gravimelric. VI. 141c 
, duiniiiio-, VI. 1.606 
— , formyl-, VL 145d 

from ammonium tliio- 
cyanati*, VI. 143a 
, niiro-, VI. 117r 
, nitroaniino-, VI. 148c 
, nitro-, colour reactions, VI. 
148a 

- nitroso-, VI. 148a 

, -, colour reactions, VI. 

1486 

]trepn., VT. 142d 
, proi>erlies, VI. 1436 

- s;i, Its, VT. 1106 
Guanidines, sepuralion from 

creatine and creatinine, VJ. 
144c 

Guanidine, Sullivan’s tost, VI. 
1146 

— , toxic proiiorties, VI. 141a 
— , triamino-, VJ. 1506 
Guanidino-glycylglycine, VT. 
HOa 

(x-Guanidinopropionic acid, 
111. 4106 

Guanine, VI. 150r, 152a 
— , acyl derivs., VI. 152c 
— , azo-denvs., VI. 152c 
— , bromo-, VI. 152d 
— , deoxy-, VI. 152d 
— , detection and detn., VI. 
153a 

- - -mononucleotide, VI. 153a 
— , physiological clTecl»s, V 1. 1 5 1 d 

- salts, VI. 152a 
Guano, V. 03c 

hat, V. 046 
— , llsh, V. 646 

- meat, V. 00c 

— , i^eruvian, V. C3c 
— , phosphatic, V. 80d 
Guanosin deamidase, IV. 31.6a 
Guanosine, IV. 322c ; VI. 806 
Guanyl azide, VI. 140d 
Guanylic acid, VJ. 153o 
GuanylnitroBoaminoguanyl- 
tetracene, IV. 54 2d 
Guara, VI. 1536 
Guarana, VI. 1536 
— , cafTein content, VI. 1 .63c 
— , theobromine in, II. 107c 


Guareschi reaction, IT. 360a 
" Guafanmn,*' VI. i54a 
Guava, VI. 154a 

^ seed oil, VI. 1546 
Gudmundite, VI. 154d 
" Guejarite,” II. 518a 
“ Guhr,” IV. 2306 
Guinea grains, 1. 101a 
Gulaman dagat, VI. 154d 
Guldberg and <Waage’s law, 
sec Mass action, law. 
Gulose, II. 280a 
Gum, acacia, J. lid ; VI. 155d 
--- Accroides, I. 126 

- arable, 1. lid ; VI. 155d 

, composition, VI. 1556 

“ Gum, Bengal,” 1. 5856 
G'um Bonjamm, 1. 615a 

- benzoin, J. 015a 

- , Botiiny Bay, 1. 018a 

British, J. i43c ; 111. ,670d 
Butea, II. I.67d / 

Caclic, 11. 188c ; |V. 427c 
carol., VI. 1.60c \ 

lecamaloe or dckVmalee, V. 
428d \ 

Dliak, III. 571a ; VI. 43.6c 
formation in benzole (see also 
(Jiim inhibitors), l\ 074a 
- gedda, VI. 1.606 \ 

— , gbatti, VI. 15Ga, 422c 
, Indian, VI. 422c 
-- inhibitors, I. 674a ; VI. 469c 
, addition to finds, VJ. 
1826 ^ 

and oxidation jiot cntials, 

VI. 478a 

, colour stability, V’l. 478c 
hydrocarbon st-aridard, 

VJ. 477d 

, natural, VI. 481c i 
— . jiretreatment of fiiel, VJ. 
1816 

- Ill motor fuel, tests for, VJ. 

1716 

, TCauri, Jl. 400d; JIJ. 340a 
. hiciist, \^J. 150c 
Gumming process, VI. 1706 
Gummite, VI. 154d 
thoro-, VI. 15.6a 
— , yttio-j VJ. l;65a 
Gum, potential, detii., VJ. 471d 
Gums, VI. 155a 
— , constitution, VI, 1556 
idcntifTcHtiori, VI. 150c 

- , tragiicanth, VI. 155c, 150a 
— , varnish, VI. 1.6.6a 

— , vegetable, J. 14 3c 
— , viscosity, VI. 155c 
Gunari, 11. 430d 
Guncotton (.see also Nitrocellu- 
lose), IV. 501c, 512a 
— , Abel’s nitration process, IV^ 
508d 

— , behaviour on Jiea.ting and 
ignition, IV. 513a 
— , boiling and pulping, IV. .610c 

- continuous nitration pro- 

cess, IV. 5106 
— , dispersions, IJ. 450d 
— , explosive properties, JV. 
5136 

- manufacture, purification 

and tests of cotton for, IV, 
.6006 

- moulded, IV. 51 Id 

— , nitration by Atherican pro- 
cess, IV. 5106 

— ^ dipping, IV. 5006 

— , displacement, IV. 509 (i 
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Guncotton, nitnilion in ccnfii- | 
futfes, IV. nuilr 
testinjr ftiiaivsiH, IV. 

514/> 

— , waaiiinp. IV. f)] U/ 

Gunlhd, J. ic 
Gunpowder. IV. Iniia 
— , analysis, IV. I(i2a 
— lireakiii^; down and press- 
ing, IV. f.")7r 

— brown or rncoa, IV. 

— , drnsd,y, IV. IdOI), 

— explosions, gases anrl ])i‘os- 

snres in, IV. 400/; 
granulating or (‘oniing, I\’, 
457d 

— , grinding find inroipnral mg, 

IV. ir,7r/ 

ivygroinetiie lest, IV. 102f’ 

—1 pebble and urisnial m’, n, 
inSf/ 

, sod min lutrale ln^^tn^^'s, 
IV. Ki.'Vf I 

— , storing, tlnisliing .ind hlend- 
irig, IV. 4.7S/; 

— ' , sulphurless, 1\'. 10d« 
Guri-ginjd, I. Ir 
Gurjunenes, VI. 156d 
“ Gutta,” n. 11S)« 

Gutta, K , VI. 
parfi, VI. lot)/; 

— pcrcha, VJ. 157</ 

• analyses, VI. ir»Sr* 

from Pulaquwim Npp.. VI. 
157/; 

Paycna VI. 157/; 

golf l;jiJ]s, A' I. 150/; 

• HI subnifirini' tables, VJ. 

1 51)a 

— — subsl it utt'S, \’I. 1511/; 

Gutzeit's test, I. 170/; 
Guvacine. I. 45SfT, h 
Guvacoline, 1. I5S/; 

Guyacan, VI. 159<' 

Gynergen, I\^ OOO/; 
Gynocardia oil, J 1 . 522/; 
Gynocardin, VI. SO/; 
Gynolactose, 1. 212ff 
“ Gynoval,*’ VI. 159e 
Gypsogenin, VI. SOr 
Gypsophila-sapomn. VI. so/; 
Gypsum, II. 240u, ; VI. 159t 
- Freneli, VI. ItiOa 

in cellulose jdast les, 1 1. 171;/ 

- polishing tin-plfite. V'l. 
1005 

— , iiiintTal. II. 1205 

— , origin, V I. UlOa 

— piasters, II. 1205 

— , properties, 11. 2025 
Gyrolite, II. 227f 
Gyrophora spp , VI. lOOe 
Gyrophoric and, A'J. 160r* 


H 

Haas-Oettel electnilytie cell. 
111. 05;/ 

Haber-Bosch process, 1. :i:{5;/ 
Hackberry-seed oil, VI. 278;/ 
Hackling of linen, 11. 11a 
Hsm, VI. 105r 
" Hsmarogen,” VI. 1605 
Hsmatic acid, 1. 0915 ; III. 
835 

Hamitin, VJ. 101a, d 
arid, VI. l«ld 
> - — , alkaline, VI. lOld 
— , detection and detn., VI. 1655 


Heematin, dotn., specti*t)scopif, 
VI. lOlc, 105/> 

- , bisto- and rnyo-. 111, .544a 
Heematinic and, VI. 1025 
Hsematin in catalase, 1 1. 422c 
haemoglobin. II. 205 

— , occurrence, A'l. 10.5a 

— , reactions, VI. 104r 
— , reductnl, VI. 105c 
Haematins, absorption spec- 
trum, VI. 1055 

Haematite, II. 2.5a ; VI. 1605 
in earnallite, II. SOtla 
Haematogen, Jl. 22a; VI. 

1 005 

m anrcniifi tlierapv, IT. 22a 
HaBmatoporphyrm. II. 20; , 
21;i : VI. 1015 
h\ drohitunide. dibronio-. \’l. 
1015 

Haimin, II. 20r ; VI. 161;/ 

, blood test, VI. 1015 
, s> ntbcsis, VI. HiO;; 
Haemochromogen. VI . 1 0 15. 
;/, 1 055 

eonipouinls of evba'lirnine, 
III. 5115 

Haemocyanin. IT. 2i(rf 
HsBmoglobin, II. 20;r ; VI. 
1015, 101c. 105c 
-cfirbon monoxide eoni- 
pountl, 11. 21;*, .‘llOo ; VI. 
100;;. 107/> 

. tmisliliilin I. 11. 205 ; V I. 

1 05c 

111 tlirt, II. 025 
- m\n“lebrfit;* bhiod, \’I. 

1 0.5c 

, kinetics. \'I. 107;/ 

. nmseular, V I. lOti// 

, oMtIation, VI. 101;/, 1075 
t)\\ gon/it Min, VI lot;/, I(i5c, 
(/, 100c 

Haemoglobins. ahsor])lion 
spt'etruiii, VI. 100;/ 

“ Hxmol” VI. 1605 
Haemophilia. II. 22; 

‘ Haemopyrrole.’’ 11.20c; III. 

835; VI. 102;/ 

Hafnia, \'I. ItlO;/ 

Hafnium, II. 1805, 511;*; VI. 
169;/ 

-- ju el N'lac;*t one, VI. 170c 
boride, VI. 170c 
Cfirliide, II. 281;/ ; VI. 170c 
chlorides. VI. 170a 

— . detn., -sec Zirconium, 11.597r 

— dioxidf, V’T. 109;/ 
jodide, VI. 1705 
nit r/ite, A'l. 17tl5 

— oxyhromide, VI. 170;/ 

— oxytluonde, VI. 170a 
-- phosphat.p.s, V^I, 1705 

— , (pifililcitive rcaetitins, JJ. 
551a. 5505, 571 r/ 

— , sepfirntum from zii'conium, 

VI. 105)a 

— sulphate, VI. 1705 

— tetrfitiutiride, A^T. 109;/ 
Hafnyl chhiride, A’^T. 170a 

— phosphate, VI. 1705 
Haglund process, 1. 2085 
Haidingerite, 1 1. 2205 
Hair dyeing, VI. 171c 

— dyes (human), VI. 170c 

— salt, 1. 289rt 

“ HalarsoU" I. 4895 
“ HalazoneP IV, 20c 
Halberg-Betb dry gaR-denn 
ing, V. 377 


Haldane apparatus, II. 077a 
Half value period, VI. 172d, 

1 73(1 

Halibut-liver od, Mtamins, 
III. 250a 

Hadides, see rz/so Bromides ; 
("hlorides ; Kluoritles ; 

Totlidf‘8. 

, detn., eleclixilylie, IJ. 700a 
, , potenliometric, IJ. 7065 

Hahotis //. gigantcvitj 

I. 15, 201c 
Halite, VT. 1735 
Hadl jiriieess, J. 308;* 

Hadloysite, 111. 100a; A‘I. 

1745 

Halogen, e.i la lytic additum or 
Mihstihition, Jl. 128c 
.detection iii carbon com- 
poimds. J 1. 0155 
, tleln. b> hvdrogniation, A'l. 
3015 

, , (‘.'iriiiN method, 11. 0205 

, , (irtilt* ami Krekeler’s 

melliod, Jl. 021;* 

, . min’o-met hods, II. 032o 

, , I'lria anti SchitT's 

melhoil, 11. 021/r 
, , Slepanov's metluid, II. 

021c 

, - , Milurnetric, II. 057r 

Halogeno-acetic aeitls, V'J. 
174;' 

-aromatic etuiipoiindH as 
antisepljes, JV'. 30c 
Halogens, see also Bromine; 
(’Jilonne; Fliiorint'; Iodine. 

, detn., gravimetric, in mix- 
I tin's, IJ. 008;/, 009a 
, , V’;>himelrit’, in mixtures, 

I I. - 059c 

, (pj.'ilitat ive separation of 
(M, Br anti 1, Jl. nOfia 
Halotrichite, J. 289a; IV. • 
5i)l;/; VI. 176;/ 

Haloxiline, IV. 4tl35 
" Halozone tIisLnferlant, IA^ 
20c 

Halphen-Hicks test for rosin, 

III. 295a 

- test, for etiLtonseed od, 11. 
1075 ; III. 411 c 
Halva, J. 199a 
Halvorsan process, T. 268c 
Hamamelin, VJ. 177;/ 
Hamamehs and H. Hjtp., V. 

■117a; VJ.HOc, 177a 
Hamamelitannin, VJ. 8{)c, 
1775 

Hamamelose, TI. 288;/ 
Hambergite, J. 685a ; VI. 13r 
Hamlinite, V. 26.3c 
Harden Jind Yfiung ester, 22;/ 
Hardened fatty oils, arc also 
Jly;lrogcnfitpd fatty oils. 

- - — , food values, VI. 185;i 
Hardening oils, methods, VI. 
177;/ 

^‘Hard lead,” I. 445d 
” Hard purple ” china-stone, 
III. 32c 

Hard surfacing with oxy- 
acetyleno, 1. 1165 

Hargreaves-Bird cell, HI. 535 
Heurgreaves-Robineon pro- 
cesK, II. 428c 

Harmala alkaloids (see aUo 
Arlbino), VI. 186a 
Harmaline, VI. 180a 
Harmalol, VI. 180a 
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Har an, I. 4056 ; VI. 180a 
Harmine, VI. 180a 
Harmotozne, I. 6316 
Hartshorn oil, II. 20r 
Hashab, I. lid! 

HaBhiah, II. 269r 
HatchattoUte, I. 085c 
Hatachek's viscoHity formula, 
IV. 292d 

Hauamaxinite, VI. 1896 
Hawkite, IV. 550d 
Hawk's eye, III. 430a 
Hawthorn, H. perfume, VI. 

1896 

Hazelnut oil, VI. 189d 
Heather, VI. 190a 
Heat of activation, II. 531d 

— - — solution of malts, VI. 2U7c 

— -transfer processes. III. 321a 
Heavy alloy, VI. 1906 

— hydrogen, see Deuterium. 
spar, I. 0416, 651a 

— water, ser Deuterium oxide. 
Heberlein finishing, V. 101a 
Heckling of textiles, 11. 401c 
Hedenbergite, III. .573a 
Hederin, VI. 80c 
Hedge-mustard seed oil, VI. 

1906 

" HedonaU" VI. 190d 
Hedyptine, VI. 190d 
" Hegonon” VI. 191a 

Heide’s, 0. von der, extractor, 
IV. 587d 

Helenien, II. 308d, 400c ; VI. 

191a 

Helenin, 1. 1756 
Helianthic acid, VI. 191a 
Helianthus spp., I. 4i)7a ; JII. 
4066 

Helicin, VI. tOia 
** Helicon:' I. 51 7d 
Helicoruhin, VI. lOSr 
• “ Helindone ” colours, J. 232c 
Heliodor, 1. 6856 
“ Helio " dyes and pigments, 
rV. 23fla, 6 

Heliotrope, II. 25a, 51 7c 
— , Alimrin, BD, 1. 2326 
— , Brilliant, 211, I. 577a 

— perfume, VI. 1916 
— , Tannin, I. 677a 
Heliotropin, VT. 1916 
Helium, III. 204c ; VI. 191c 

-I and -II, VI. 197d 

— and radioactivity, VI. 199a 
— , balloon Ailing, VI. 190c 

— , chemical i^roperties, VI. 

108d 

— , critical constant's, VI. 197c 
, detection* and detn., VI. 
1996 

— - , tletn. {see Argon, detn.), II. 

081d 

— from springs, VI. 193a 

- gas thermometer, VI. l!)9d 

— in minerals, VI. 1946 

— natural gas, VI. 1 il3c 

— - , laboratoiy prepn., VI. 194d 
-- , liquefaction, VI. 197c 

— , occurrence in cosmos, VI. 
192c 

— , the earth’s atmosphere, 

VI. 192d 

— , volcanic and hot- 

spring gases, VI. 192d 
— , physical properties, VI. 196a 

— produc^n, VI. 1068 

— respirafdry mixtiu^, • VI. 

199c ^ 


HeUum-ii, thermal . conduc- 
tivity, VI. 1986 
— , uses, VI. 199c 
" Hella ” bush light, V. 480f/ 
Hellandite, VI. l99d 
Hellebore, ac? also Helleborus. 
— , American, VI. 200d 
— , green, VI. 2006 
white, VI. 

Helleborein, helieborin, II. Ic, 
3876, c 

Helleborus nigcr, H. virldis, H. 
spp. (see also Hellebore), 
II. Ic, 3876 ; VI. 2006 
Hellebrin, II, 3876, c 
HeUhofflte, IV. 545f/ 
Helmholtz double layer, III. 
284a 

Helminthoaporin, V. 55a 
Helminthosporium spp., pig- 
ments, V. 54d, 55d 
“ Helmitoi:* VI. 200t/ 

Helvlte, HI. 547a 
Hematine Crystals, IV. 12(i6 
Hematite (see also Tlfematite), 
VI. 1606 

Hemellithenol, VI. 201a 
Hemicelluloses, IT. .59a, 463a ; 
VI. 201a 

— from straw and wood, VI. 

2016 

Hemihydrate from gypsum, 
II. 130a 

Hemimellitene, hemimclli- 
trino, III. 457a 

Hemimorphite, II. 2016, 516 ; 
VI. 137a, 201d 

Heimpinic acid, II. 230a ; VI. 

m-Hemipinic acid, II. 606 ; 
VI. 2(»2c 

f5oHemipinic arid, VI. 202ri 
“ Hemisine ” (see also Adrena- 
line!, I. 147d 

Hemlock (Conium), HI. 321a 
- alkaloids. III. 324c 
- , lessor (Ji^thuaa), 1. lOOd 

— spruce resin, II. 2016 ; VI. 

202d 

" Hemostatin:' I- 147d 
Hemp, I. la; 31. 269c; V. 
162c, 1686 

— , Ambari, Deccan or Mesta, 
V. 164c 

— -, Canadian, HI. 5386 ; VI. 

422d 

— , cottonisation, V. 102d 

— - hurds, V. 162d 

— , Manila (see also Abaca fibre), 
I. la; V. 164d 
, — , specification, V. 1666 
— , Mauritius, V. 368o 

— , Mesta, V. 104c 

New Zealand, V. 1656 
— , perennial Indian, 1. 4c 

— resin, Indian, VI. 422c 
— , Bozelle, HI. 4076 
Hemps, bowstring, V. 1686 
Hempseed oil, IV. 80a ; VI. 

in paints, VI. 203c 

Sunn, H. 4616 ; V. 1636 

Henbane, VI. 203c 
Hendecenoic acid, VI. 204c 
Hendecoic acids, VI. 204a 
Heneqpien Abre, 1. 165a ; V. 
166a 

Henna, VI. 1716, 204c 

— -reng, VI. 1715 

Henry’s law. 1. 6c; IV. 386, 486 


Hentriacontane, I. 200c ; II. 
HOC, 2620 

n-Hentriacontane in cab- 
bage, II. 182d 

Heparin, anticoagnlant, II. 

23c; VI. 205a 
Hepar sicc., VI. 204d 
Heptaethylene glycol, IV. 3796 
Heptaldehyde, II. 422a ; VI. 

205a • 

n-Heptane, I. Id 
— , luminescent oxidation, HI. 
236 

epe/oHeptatriene. HI. 5356 
n-Hepteic acid, VI. 206a 
isoHeptoic acid, VI. 2056 
Hpptoic acids, VI. 205a 
Heptylacetoaoetic acid, ethyl 
ester, I. 04c 

Heptyl alcohol, VI. 2Q5d 
n-Heptylsuccinic acid, VI. 

205d j 

Herapathite, HI. n2c 

— in cellophane, H. 443a 

“ Heratol," 1. 75a \ 

Herbacetin, horbaciti'ln, 111. 

407o \ 

Hercynite, IV. 279d I 
Herderite, T. 685a \ 

“ Hermite fluid ” disinfectant, 
IV. 20d, 216 ' 

" Heroin," I. 65d ; VI. 205d 
Herring oil, V. 228d 
" Hertolan," 11. 264c 
Herzenbergite, VI. 206a 
Herzynme, VI. 2376 
Hesperidin, VI. 90a 
Hesperitinic acid, V. 61a 
Hessite, VI. 206a 
Heasonite, HI. 183c ; V. 429c 
Hetero-auxin (see also (growth 
factor), I. 5586 

Heteroazeotropic mixtures, 
IV. 516 

Heterogeneous reactions, see 
J Icuct i ons , h eferogeneous . 
)9-HeteroglucoBidase, II. 442c 
Heteroxanthine, and syn- 
lltesis, VI. 2066 
Heterozeotropy, IV. 51c 
“ Hetocresol," VI. 224d 
Hevea brasilieusis, J. 206 ; IV, 
86c ; VI. Olo 
Hewettite, VI. 224d 
Hexeiborane, H. 40d 
Hexacyanogen, VI. 224d 
n - Hexadecane dicar boxylic 
acid, VI. 225d 

Jw-Hexadiene, II. 160d ; HI. 
573a 

c^c/oHexadiene, III. 5356 
Hexahydrite, IV. 3216 
Hexahydrobenzene, VI. 225c 
JJexahydrocarbazole, 11. 279a 
Hexahydrofamesol, IV. 5916 
Hexabydrophenol, VI. 225d 
Hexaldehyde, VI. 2256 
" Hexalin," 1. 147d ; VI. 22G(f, 
354a 

" Hexamecoll," VI. 2256 
Hexametbylcarbylaznine 
ferro-salis, III. 4756 
Hexamethylene, VI. 225c 
Hexamethylenstetramine, I. 
195a ; V. 3206 

— antiseptic, IV. 27d ^ 

— - borate, II. 636 

camphorate, I. 357d 

— compound with bromal, II.* 

1066 



Hexamethylenetetramine. 

detection, V. 2986 

— in casein paints, II. 4156 
respirators, III. 186 

— , phosgene absorbent, II. 322a 
— , preservative, V. 297d 
trade names, I. 326a 

Hexamethylenetetraminetri- 
gualacol, VI. 14lr 
Hexamethylenetriperoxide- 
diaminepIV. 5136 
“ Hexamine,'' 1. 326a 
— , aiitiseptic, IV. 27r/ 
ci/c/oHexane, VI. 225r 
cpc/oHexanol, 11. ;i08rZ ; VI. 
225d 

— , dehydrogenation, II. 427</ 
ci^c/oHexanols, pirim., IJ. 

426d ; VI. 353(/ 

" Hexanon," T. 380f^ 
cyc/oHexanone lu lacouors, 11. 
472a 

cj/c /oHexanones , [ aepn . , IT. 

426d; VI. .35:W 
cyc/oHexanone, trade n.kines, 

I. 380r/ 

Hexatriene, II. 151a 
cyc/oHexene, 1. 1876; 111. 

533a 

Hexitols, VI. 491a 
“ Hexogen,*' JIT. .535d 
Hexoic acids, II. 2716 
Hexokinase, V. 24c, 35c ; VI. 
lid 

“ Hexophan,'* VI. 2266 
Hexose, breakdown by vcasl, 

II. 996 

Hexosediphosphate, fenneii< 
tation in ijrtsseiice (jf 
adenylic acid, V. 39a 

— . arseiiiile, V. 

396 

- - in ferment at ion ami in 

nmscle extract, .see Fia- 
meniatiou, alcoholic ; (ily- 
colysKs. 

Hexose idiosphate, 11. 29,"id 
Hexosephosphoric estiMs, V. 
216 

Hexuronic acid, 1. 5t)2a 
cyc/oHexyl acetale in laciiucrs, 
IT. 472a 

n-Hexyl alcohol, VI. 2266 
Hexyl Duty rate, occnrn'ncc, 11. 
179c 

Hexylformal, I. 316 
eye /oHexylformal, 1. 316 
cyc/oHexylcyc/ohexene, III. 

533c 

Hexyl iodide from glucoses, TI. 
2856 

" Hexyl” or Aurantia, I, 549c; 
TV. 14d, 489a 

Hexylresorcinol. II. 27 Id 
Hibbenite, VI. 2«5d 
Hibiscus iipp; Hi- 1976; V. 

164c ; VI. 906 
Hiddenite, VI. 2266 
” Hiduminium,” I. 2.536, 277a 
Hieratite, V. 606 
Highgate resin, HI. :i4()d 
Hiffh temperature carbonisa- 
tion, V. 3676, 450, 451 
Wi-im gane. VI. 2306 
Hilgardite. VI. 230c 
Hizuc’s test for coconut fat, II. 

Hippocastanin, HI. 276 ; VI. 

‘ 279d 

HippuliHy VI. 269a, c 


INDEX 

Hiptagin, VI. OOa 
Hirsutidin. JII. 554c : VI. 
230c 

Hirsutin, HI. 651c ; VI. 231a 
Hirudin, II. 24c 
Hiapidogenin, 11. 38r>d 
Histamine. IV. 331 d 
Histidine, VI. 231c 
d-Histidine, VI. 234 c 
di-Histidine, VI. 2346 
Histidine and B. coli, VI. 2:{.5r 
' and ultra violet Mieiapv, V'l. 
2356 

, dei‘iv.s., VH. 2376 

— , deteclion and detii., VI. 

233r 

from carnosiiie, IT. 8U2c 
ill cabbage, II. 182d 
, [iliotocliernislry, VI. 234 d 
, prepn., VJ. 2326 
sal(,s, VJ. 2366 
, synthesis, \ J. 2336 
^“Histidine, prorierl ies, \'J. 
23 Id 

Histine, V'l. 2.33a 
Histones, VI. 23 Id 
Histozyme, IV . 315a 
Hittorf transport nutnher, VI. 

237f/, 2966 
Hiviscin, VI. 996 
H.M.T.D., IV. 5136 
Hochofen eenieid, 11. 1456 
Hofmann de|:n','ulation, 11. 375a 
Hofmeister or lyotropic series, 
IJ r. 2Hfld 

Hofshss burner, V. 217a 
Holarrhena »})}}., alkaloids, HI. 

321d, 322c, 323d 
Holarrhenine, 111. 322c, ,323a, d 
Holarrhimine, HI. 3226, 323a, d 
Holarrhine, HI. 322c, 323a, d 
Hollandite, VT. 2396 
Hollands, V. 5.326 
Hollyhock, T. 264a 
Holmes still, I. 816r 
Holmia, H. 51 Id ; VI. 2406 
Holmium, 11. 51lc ; VI.239d 
-- chloride, VI. 2106 

— Hesqiuoxide, VI. 2106 

— sulphate octahydrale, V'l. 

2406 

” Holocaine,^’ 1. 30ld, 369c ; VI. 

2406 

” Holoklastitr IV. 401a 
” Homatropine," VI. 240f’ 
Homberg's phosphorus, II. 
2136 

jS-Homobetaine from carni- 
tine. 11. 391c 

Homocamphenilone, H. 2386 
Homocamphoric acid, 1 1. 211c 
Homocaronic acid, 11. 3896 
Homocaryophyllenic acid, H. 
4096 

Homocatechol, VI. 240c 
Homochelidonine, II. 527d 
” HomocoW^ III. 51,56 
Homoeriodictyol, IV. 333d 
HomoeuonystinN}!, IV. 400c 
Homogenisers, IV. 205c 
Homogentisic acid, VI. 261c 

lactone, VI. 262a 

Homophleine, IV. 336a 
Homopilopic acid, VI. 262c 
Homopyrocateebol, VI, 240c 
Homoquinine, III. I60d 
Homorenon, 1. 147d 
Homoterpenylic acid from 
carene, 11. 380d 
Homovanillin, IV. 396a 
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Homoaebtropic mixtures, IV. 
516 

Homra cement, II. 145d 
Honewort, VI. 262c 
Honey, VI. 262d 
— , ash, VI. 264c 

, luiekwheat, conifer, and 
honey-dew, VI. 263c, d 
, deteciuin of adulteration, 
VI. 264d 

Honey,” Kthiopian iiiOHqiiite, 
VI. 2636 

Honey, Eucalyptus, VI. 2636 
“Honey,palin,” VI. 2036 
Honey, preservation with 
.sodium benzoate, VI. 2646 
Honeysuckle porfuuu*, natural 
and artitlcial, VI. 265c 
Honey, “ virgin,” VI. 264a 
. vituniin content, VI. 264d 
” Honthinr VI. 265d 
” Hoolamiie ” in respiratoi’H, 

III. 21a 

** Hopcahte” JI. 3J7a, 351c, 
6S2c; HI. 106. 20d 
Hopea Njtp., HI. 5466 
Hopeite, VI. 265c/ 

Hopkinson prevssure bar test, 

IV. 549tt 

Hop oil, caryopbylleno in, IJ. 
408d 

Hops, 11. Die 

as i»rc‘servutiv(‘K, V. 2976 
Hordein, 1. 647d 
in malting, 11 . 8Hd 
Hordenine, VI. 266a 

— salte, VI. 2666 
Hordeum npp., 1 . 6456 
Hormone, antidiabotic, VI, 

406d 

. corpus luteutn, VI. 272c 
, pancreatic, VI. 268c 
, [laratliyroid, VI. 2686 
, pitocin, VI. 2676 
, pitressin, VI. 267a 
Hormones, V. 636 ; VI. 266c 
— , adrenal, VI. 270c 
. androgenic, VI. 2746 
. , Tiiological assay, VI. 2746 

. gonadotrupH', VI. 206d 

— , inelanoplioric, VI. 267/> 

— , a*Htrogenie, VI. 268r 
, oxytocic, VI. 267o 

, pituitary gland, VI. 266d 

— , plant, VI. 1386 

, pressor, VI. 267a 
Hormone, thyroid, VI. 2676 
— , vasopressin, VI. 267a 

— , wound, VI. 138d 
Hornblende, II. 137c ; VI. 

279a 

— - -asbestcM, I. 499c 

— -basalt, 1. 652a 
Homfels, see Hornstene. * 
Hom-quicksilver, VT. 279a 
Homsilver, II. 4816 ; VI. 2796 
Homstone, 1. 46 ; VI. 2796 
Horse-bone fat, VI. 280d 

chestnut, VI. 2796 

, saponin, VI. 279cZ 

— -chestnute, acetone and butyl 

fermentation, VI. 279d 

— - — , butyl alcohol from, VI. 

279d 

- -fat. VI. 280a 

— -flesh-ore, II, 32d 

— -meat, identifleation tmt, 

VI. 2806 

“ Horsesoil,” VI. 280o 
Horae-radish, VI, 280d 
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Horses' creel-fat, VI. 2B0c 
Horse's fool oil, VI, 280d 
Howlite, I. 58ea 
Huantajayite, VI. 173(f 
Huckleberry, VI. 281ft 
Huile surlLne de (rumhia, 1. 4 ri5c 
Hulsite, VI. 281ft 
Hume-Rothery’s rule, V'l. 
281r, 282ft 

Humlo acid, VI. 284e 
Humidification, V'l. 28Ur' 
Humidity and iminidity con- 
trol. VI. 284d 

— control, automatic, VI. 287ft 
— , detn. of water va])our, 

II. (J85d 

— — , experimental, VI. 2S7r 
dotn., VI. 285ft, 28(ia 

— , industrial importance, VI. 
287d 

— , relative, VI. 285a 
Humulene, hiunulun, II. !i2a, 
408(1 

— nitroso-, 11. J(H)a 
Hutchmsonite, VI. 288r 
Hver-salt," VI. 17dd 
Hyacinth, Vi. 288d 

— perfume, artilieial, VI. 288r/ 
Hyacinthin, artilieial, II. 1 18d 
Hyssnic acid, VI. 289a 
Hyalophane, 1. (13 1ft 
Hydantoin, VI. 289a 

— -5-acetic acid, VI. 21)3ft 

— , 5-amino-, hydroclilondo, VI. 

21)0a 

, condensation willi alde- 
hydes, VI. 21)()r 
, l:3-diacct.yl-, VI. 2!)0ft 
1'3-dichloro-, VI. 2W(lft 
liomologues, VI. 201 d 
, 5-ni(-ro-, VI. 20()rt 
, physiological acUun, VI. 
289c 

Hydantoins, I. 320ft 
c Hydnocarpic acid, II. 521ft 

— — in c-huulmuogra oil, II. 

521ft 

Hydnocarpus oil, II. .521d 
Hy dr acetyl-ace tone, 1. 3()r' 

“ Hydraldite," V. 320r 
“ Hydramin” VI. 294ft 
Hydrars^lite, 1. 201c, 2S-lft ; 
V. 632a 

" HydrargyroW VI. 294ft 
Hydrastine, V^I. 294ft 
Hydrastinine, Vi. 205ft 
Hydrastis alkaloids, 11. 2(1 1ft 
Hydrastis canadensis, I. (1206, 
082d; VI. 2lMft 

Hydration, catalytic, II. 428a 
Hydrato-kanten-S and -y, I. 
163a 

Hydratopektin, V. I(i2a 
Hydraulic main in gas manu- 
facture, V. 447d 
Hydrazides, luminescent oxi- 
dation, III. 23ry 
— , preparation, 11. 37 Ir 
Hydrazine, VI. 208ri 
— , compounds, with chromium, 
HI. lOOd 

— , detection, II. 572ft ; V. 
2096 

— , detn., volumetric, II. 6G3d 
— , 2:4- and 8:5'dimtrobenzoyl-, 

I. 197a 

— , qi^itative reactions , II. 

Hydrates, VI. 298re 
Bydx^obenzene, VI. SOld 


Hydrazoic acid {aee also Azo- 
iipides), prepn. and derive., 
J. 580a 

— — , qualitative reactions, II. 

5726 

Hydrazones, VI. 302a, 301c 

— , relation to azo coinpmiuds, 

VI. 302c 

* ol sugars, JI. 2026 
— , oxidiition, VJ. 301a 
Hy dr azo toluenes, \']. 304d 
Hydrides, VI. 305u 
inl.ersti(.iul, V'J. 305ft 
— , salt-like, VJ. 30.ja 
— , unclas.si(ied, VJ. 305c 
— , volatile, VI. 305a 
Hydrindone, a- and j9-. VI. 
305c, 300ft 

Hydroabietic aiad, 1. 3a 
Hydroacridines, I. 12Sft 
Hydrobenzamide, I. 105a ; 
VI. 00a 

Hydrobromic .nid, II. 117a, 
128d 

Hydrocarbons, firt)iiialjc, lu 
petroleufii, I. 466c 

— , dehydrogenaf ion, (o Ifimp- 

hlack, II. 31.3a 

— ill candolilla wax, JI. 2(12a 

— - photographic ilopcs, 11. 

■1 1 Sft 

- , iiarafTlii, detn., II. (18*16 

-, road ion \vi(li phenyl iso- 
cya.nate, 11. 3(5 la 

- , synthesis 1‘roin wati'r gas, 

II. 350ft, 425c 

— , unsaturaied, ddn. hy gas 
analysis, II. ()77c 
Hydrocellulose, chain lenglh, 

II. 302a 

— , in phot()gr!i]diy, II. 417c 
Hydrocerussito, VI. 308ft 
Hydrochloric acid, JI. 428fi ; 

I I I. 60a 

“ Hydrochloric acid number,” 
VI. 161a 

Hydrochloric acid, solvent in 
analysis, If. 549ft 

— dlier, IV. 358ft 
Hydrocinchene, III. 1616 
Hydrocinchonicine, III. 103c 
Hydrocinchonidine, III. 128a, 

153ft, 162ft 

-, hydroxy-, IH, 1.53c 
— , iodo-, HI. 153ft 
Hydrocinchonine, III. 128a, 
I'lSa, ]62d, 164a 
— , bromu-, III. l.56a 
— , a-liyilroxy-, HI. 157a 

- , iodo-. 111. 156a 
Hydrocinchoninone, 111. 163tf 
Hydrocinchotoxine, IH. 163c 
— , N- benzoyl-, oxidation, IH. 

146a 

Hydrocinnamic acid, HI. 181ft 
Hydrocinnamoin, HI. IHOc 
Hydrocupreicine, IH. 168a 
Hydrocupreidine, HI. 137r/, 
165c 

— formation. III. 149a 
Hydrocupreine, HI. 137a, 

161ft, 167c 

— formation, HI. 149a 

Hydrocupreinotoxine, HI. 

168a 

Hydrocyanic acid (sec also 
. Cyanides), HI. 402c, 500a, 
501d 

, detection and detn. of 

gaseous, II. 683c; 111. 501a 


Hydrocyanic acid from amyg- 
dalin, I. 357d ; IV. 282c 

plant glycosides (see 

also Amygdalin), II. 237a, 
4l8c, 483(7; HI. 409ft, 

531ft; VI. 83d 

— in fumigation, III. 502ft ; 

V. 392ri 

warfare. III. 106 

— — , jiliysical properties, HI. 

501a i 

from ammonia and acel y- 

lene, HI. 196c 

— carbon mon- 

oxidp, IH. 

— ethylene, HI. 

196(7 

hydrocarbons, 

III. 106ft 

— met liarie, 111. 

497a 

— ferrocyanidcs, HI. 492c 

fornia,miiU‘,| HI. 495a 

— — nitrogen iiind, hydro- 
carbons, ill. 408ft 
schlempe, 111. 403a 

— ... — tluocyanat.es, HI. 402(7 
, toxic action and anti- 

doles, III. 50()c \ 
Hydroergotinine, wre lOrgo- 
toxiiie. \ 

Hydr oeugenol , ami n oclil oro - , 

IV. 3t)6c 

Hydroferrocyanic acid (sec 
also tVrrocN’anules), 111. 
471ft 

Hydrofluoric acid, see also 
t''luoridi‘s ; Fluorine ; Hy- 
drogim lluonde. 

— , a.qucoiis, V. 2S()r 

— , solvi'nt in auaivsis, H. 
510(7 

Hy dr ofluo silicic acid, V. 282ft 
Hydrogen, VI. 308c 

— absoi'lx'nts in gas analysis, 

VI. 35.Sfl 
active, VI. 320a 

, adsorjition, VI. 31 Ic 

— andmelallic oxides, VJ. 310(7, 

334 c 

— aj-seriide, 1. 472(7 
Hydrogenated fats, nickel in, 

VI. lH.5c 

— fat lx oils (see also Hardened 

tatty oils), VI. 177ft 

, reduct ion of im- 

saturatud esters, VI. 177ft 

, Schmidt’s process, VI. 

177c 

— oils, properties, VI. 183c 

— — , test for, VI. 1856 
Hydrogenation, VI. 347c 

— , ” Adams’ catalyst,” VJ. 
348c 

— analysis, destructive, VI. 

~ 359ft 

— u-s dehalogenation process, 

VI. 350a 

— , Bedford and Williams’ pro- 
cess, VI. 178cj 170a 
— , Birkeland and Dovik’s pro- 
cess, VI. 1 70c 

— , Bolton and Lush’s process, 
VI. 182ft, 1836. 185ft 
— , Bolton’s process, VI, 180a 
— , Calvert's process, VI. 1796 

— catalysts, poisons, VI. 350ft 
, prepn., VI. 180ft 

, — , La.ne’.s process, VI, 

180ft 



Hydrogenation, catalytic, VI. 
177d 

— » — I of hydrocarbon oils, VI. 
178/; 

— , — , theories of, VI. S72C 

- , colloidal pliiliniim jind pal- 

ladium catalysts, VI. :M1)6 
, continuous oroccHSOs, \'I. 
182a 

— , “ copjitr chroiiiitc ” catu- 

lysth, Vl.eilOf/ 

Dewar and Jji«djmann's ap- 
paratus, \'l.- 1711rt 
— , Elli.s’ method, \'l. I7i)a 
^ Erdmann’s processes, VI. 
17Sf; 

— , cxperiuu'ntal coudilious, \ 1. 
8.)0a 

- - , Lane’s apparatus, VI. 17!>6 
— , liquid-phase ajiparalus, VJ. 

Ill 8a 

— , Maxted anil Itulsdale’s .i|i- 
paraluN, VJ 17!W/ 

, Mi'Elroy's pr-oeess, \'J. |7!P' 

- meelianism, VI. 372r 

— , Mellei-sh-.la.ekson's appjira- 

lu.s, VJ. 17‘.)r/ 

, iniero-rnetliods, ^'I. IJIH/; 

— , Moore’s metliod ol siih- 
diMsion, VJ. 17H/J 
— , nickel catalysts, VI. Illh/j 
, Normann’s process, VI. 178a 
of acetylenic comjxunids, VI. 
|{a2a 

- amiile.s, VJ. 11.78/; 

- aromatic acids and 
iiiiiine.s, VJ. 11.71 /< 

— — nuclei, \'l. 1172a 

- a,/.o-compounds, VI. Il78c 
hen/iCiie den\s., \‘l. Ilalld 

— -- carlionyl compoufuJs, \'l. 
H57r 

coal tars, VJ. 1171c 

cot ton-seed oil, VJ. 18lrt 

cloulilc and triple bonds, 

VJ. 117(1/; 

etli\ lenic eotniuninds, VI. 
1171 c* 

latt \ ods, V'J. 177/; 

— furlural, VJ. 1177/; 

-- lieterocyclie compoiinils, 
VI. tl71d' 

- - oleic acid, eleci rol) tic 
metliods, VI. 1 77c 

— vapour, VI. 178a 

-- jdieiioJ, VI. a73y 
jiyridine, \d. 37 If/ 
quinoJiriH, VI. Hold 
, jaiJladium eaUilysts, VT. 
:i4t)a 

, platinum catalysts, V'l. 3tSc 
' , pressure, VI. 3486 
proeesses, VI. 177d 
, Haney nickel catalyst, \I. 
34t)6“ 

- , Kiiben’s apparatus, VT. 1 80a, 

- , Sabatier and Siuiderens’ 

process, VI. 177f/ 

- Sehwoerer’s apparatus, VI. 

-- selective, VI. 3o0c, .Jala, 
:i76c 

, solvents in, VI. 370a 
Testrup’s prf;coss, VI. 178d 
“ T.K.W. iiiterehaii^e pro- 
cess," VI. 182c 

^ vapour-pha.se, VI. 17Sa,.U7c 

-- Walker’s process, VI. 1796 
Wilbiischewitsch’s process, 

VI. 178d 


INDEX 

Hydrogen, bacterial produc- 
tion, V. 44a 

— bromide, see Hydrobromic 
acid. 

— , catalytic production, II. 
425a 

-- chloride, sec 11 ydroeblone 
aeul. 

c> 4 mde, sue Cyanides; 11 y- 
droeyaiiic acid. 

, detection, 11. 0836 
, detii., 11. 07SW. 0836 ; VJ. 
3J2f 

-- electrode, VJ. 33.7c 

iJuoride («cc also llydro- 
lluorie aeid), V. 27Sd 

— , liquid, as catalyst, VJ. 
2006 

for ballooiih, VJ. 331a 
- eatalxtic jiroi'esses, VI. 

1 H2c 

- Irorn acnls, VI. 3106 

alkalis, VI. 310c 

- cracked ammonia. \ I. 
337a 

etlnd aleolioj. JJiag pro- 
cess, VI. 332d 
IimI rides, \’J. 30.76, 311c, 
33()6 

b) ill o( arboiis and organic j 
eompounds, \ J. 31 Id 

metlianc, JJ. 311)c 

reduction of steam, VI. 
3l0d, 327c 

interclianffe ri'aclioiis with 
deuterium. III. 703c 
ion, VI. 297d, 297r 

catalysis i»y, \'I. 273c 
loiicen' lation, catalytic 
measurement, VI. 2716 

, st.ibildv test Jor e\- 

plo.si\es, IV. 73 Id 
, deln., VI. 335a 

.“acid error," VI. 

337d 

— - , antimony electrode, 

VI. 8306 

, , “ HutTer solutions," 

VI. 337c 

- , eolonnietric “ lotn- 
parators,” VJ. 3376 

- - , , iiietbods, VI. 337a 

— , — , ^fla.ss electrode, VJ. 
338c 

, , '■ protein error," VJ. 

33 7d 

, qmidiydrone elec- 
trode, VJ. 338a 

, “ .salt error,” VI. 337d 

its nature, VI. 2476 

— , litre-weight, VI, 313a 

— manufacture, VI. 871a 
Hydrogenolysis of aromatic 

oxygen in a-t>o.sition, \’I. 
850c 

Hydrogen, ortho-jmra conver- 
sion, VI. 378d 

— overpotential. III. 3706 
-- peroxide, VI. 3396 

as bleaching agent, VJ. 
340c 

disinfectant and pre- 
servative, IV. 19a ; V. 
804a; VI. 340d 
, ” auioxidation ” re- 
actions, VI. 340c 

catalysts, poisons for, VI. 

340a 

— ■ — , catalytic decomposition 
at surfaces, VI. 340a 
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Hydrogen peroxide, cJttnlytic 
decomposition liy catalase, 
II. 422c 

^ colJfiidal Pt, II. 

5396 

, — hauiiin, VT, 

340a 

— _ . iodide ioiiM, VJ. 
2786 

, detection, 11. 774a ; VI. 
310d 

, detii., IT. OOId; V. 801c ; 

VI. 3IOd 

, - . p o t e n t i u ni e t r i c 

method, 11. 707c 

, formation and prepn., 

VI. 340«, 3416 
from ant hruquinorie, VI. 
310d 

in biological material, V’l. 
339d 

eolton bJeacbing, H. 

lOd 

food, deleelion and 
d(4n., 7'. 30Jr 
, luminescent decomposi- 
tion, 111. 23c 

, prcjui., barium peroxide 
jiroeess, VI. 3J2d 

- , pemulpbale process^ 
VI. 3416 

, iiroperties, VI. 8186 
, reaction with formalde- 
hyde, VI. 317a 

, tiuosuipbales, VJ. 

27Hf 

- la^i'Huljiliide, II. 230d 
Hydrogen, physical jiroperlies, 

JIL 703a; VI. 81 2c 
production and iniri beat ion, 
J. 834c 

~ hv elect roivsis, 1. 837(i ; 

VI. 309/;, 3236 

-fermentation, V. 44a 

— _ ^ b’ernbacb - Wer/. - 

mann’s process, 11. 109c; 

VJ. 332f/ 

ionic diHi)lacement, VI. 

309d 

partial liquefaction, 1. 

337a; VI. 331r 

- — , closed electrolytic cells 

for, Elertrolabs or Levin, 
National J^Jeetrolyscr, KotJi 
( J . (i . ) , Sclirn 1(1 1-( )erli kuii , 
Siemens, V^I. 3246 

, costas of commercial, VJ. 

332(/ 

, cracking of liydrocar- 

hons, VI. 3316 

, oJectrolytie cells for, 

Uamag Zdaiisky, Fauser, 
ILoJmlioe, Knowles, 

HcJioop, VI. 823c 
. — from coke-oven gas, I. 
335a 

water gas afso 

Ammonia synthesis ; (Jata- 
lysis in indusirial chem- 
istry ; (las, water), T. 334c ; 
Jl. 349tt ; VI. 326c, 371a 

, IlydroJitli process, VI. 

311c, 3306 ; VI. 381a 

, iron - steam processes, 

Baniag, Lane, Messer - 
Hchmitt, VI. 3286 

— —, Uljenroi process, VI. 

311c, 330o 

— , mttthane-steani reaction, 
11. 4256 ; VI. 330d 
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Hydrogen production, pressure 
electrofyBers for, Nieder- 
reither, Noeggerath, VI. 
324d 

— I purification of water gas, 

I. S34d, 424d ; VI. 326a 

, Sllicol process, VI. 330d 

, water gas generators (eee 

aUo Gas, water), i^ubiag 
Didier, Lurgi, Pintsch- 
Hillebrand, Viag, Winkler, 
VI. 3276, 328a 
— , pure, prepn., VI. 312a 
reactions, VI. 315d 
— , reaction with carbon, VJ. 
318a 

dioxide, VI. 3186 

— , — — — monoxide, 11. 349c, 
42rjc; VI. 3186, 333d 
^ ^ alcohols from, 

II. 425c ; VI. 334a 

- , - - - chlorine, VI. 3166 

- , halogens, VJ. 310« 

— , hydrocarbons, VI. 

319a 

inotals {see also Hy- 
drides), VI. 3196, c, 334d 

— , nitrogen, 1. 332a ; II. 

423d ; VI. 317d 
— j oxygen (see also Ex- 

plosions, gaseous), VI. 31 6d 

— spectra, VI. 32 Ic 

— sulphide, carbon disulphide 

fMm, II. 337c 

, detection, II. 5746, 683d 

, detn., II. 666c, 683d 

in carbon disulphide, II. 

338c 


warfare. 111. 10c 

, oxidation, II. 424d 

, reaction with carbon 

suboxide, II. 352d 

, carvone, II. 400d 

, removal from town gas, 

II, 319d; V. 4fllc 
“ Hydrogen swells,” V. 291a 
Hydbogen welding, atomic, VI. 
3346 

Hydroipecaznine, IV. 281a 
” Hydrolyees,” VI. 248c 
HydrolyBis, VI. 381a, 386a 

— by enzymes {see also Amy- 

lase; Enzymes; Fermenta- 
tion; Glycosides), VI. 395a 
“Hydrolysis constant,” VI. 
248c 

Hydrolysis, effects in titra- 
tions, II. 6386 

” Hydrolirsis ” of ammonium 
acetate, VI. 2486 

— chloride, VI. 2476 

Hydrolysis of esters, VI. 241d, 

257c 

— -® ^ acid and alkaline, VI. 

385d, 388c 

— — ethyl acetate, catalytic, 

VI. 244a 

glycosides, VI. a94a 

organic halides, VI. 383c 

salts, VI. 3816 

sugars, II. 630d ; VI. , 

394a, c 

Hydromagnesite, VI. 398d 
Hydromefo, Beck's, I. 188c 
— , Clarke’s, I. 1856 
— , Sikes’, 1. 187d 
Hydronalium, 1. 2636, 277c 
- philio colloids, III. 279d 
phbbic colloids, III. 
27§d f 


I. 4536 
, III. 107c 

Hydroqoinioine, 111. 166c 
Hydroquinidine, III. 128a, 
14^, 164d 

— , chloro-. III. 1 70c 
— , iodo-, III. 170c 
Hydroquinine, III. 128a, 135a, 
> 166a 

— , chloro-, 111. 175a 
, iodo-, III. 1756 

- synthesis, III. Ilia 
Hydroquininone, 111. 167a 
Hydroquinone and its elbers, 

VI. 399a, c 

— , detn., potentiometric, II. 
707c 

— dimethyl ether, IV. 6(/ 
Hydroquinotoidne, I IT. 166c 
— , synthesis, HI. 14.5a 
“Hydrosulphite cone. speoiaJ,” 

I. 575(1 

Hydrosulphite, detn., volu- 
metric, II. 666tt 

Hydrosulphites, see also 
Ilyi>osuli>hites. 

Hydroxamic acids, i)repri., 11. 
371c 

Hydroxonic acid, VI. 290 h 
H ydroxonium ion, VI. 247c 
” Mydrox poioder” IV. 562c 
Hydroxy-acids (see also C'ar- 
boxylic acids ; Hydroxy- 
butyric acids ; Hydroxy- 
stearic acids), VI. 400a 

— - — , alcoholic and ijhenolic, 

VI. 400a, 401a 
Hydroxylamme, VI. 402a 
, detection and detn., VJ. 
4036 

— , detn., volumetric, IT. 663fl 

— , nitro-, oxidising agent, 11. 

3626 

, nitroHO-jS-, III. 33.56 

— qiialit^itivc reactions, 11. 

5726 

- .sulplionic acids, VJ, 402f/ 
Hydroxyl group, detn., IT. (12 ic 
--- ion, catalysis by, VI. 253c 

— concentration, catalytic 
measurement, VI. 2516 

, nature, Vi. 248a 

Hydrozincite, VI. 40€a 
Hydurilic acid, VJ. 406a 
Hygric acid, ill. 226a 
Hygrine, 111. 225d 
HyCTometers, wet and dry 
bulb, VI. 2856 

Hyodeoxycholic acid, I. 6896 
Hyoscine, VI. 203d 
Hyoscyamine, VI. 203ri 
Hyoscyamus niger, VI. 203c 
Hypaconitine, 1. 1226 
Hypaphorine, I. 686d ; VI. 
464c 

Hypericin, V. 55d 
“ Hyperol” VI. 345d 
Hypersthene, IV. 311a ; VI. 
40Ha 

” Hypnal," VI. 4086 
" Hypnogen” VL 4086 
" Hypnone,'* I. 71o ; VI. 4086 
Hypo {see also Thiosulphates), 
I. 4336 

Hypobromous acid, IT. 117c 
Hypochlorite, detn., potentio- 
metric, II. 707c 

— , — , volumetric, II. 609d, 
0676 

— in cotton bleaching, II. 0o 


Hyxiochloorltes, qualiUtiye re- 
actions, II. 676o 
Hypoohlorotts acid, addition 
to olefins, II. 152a 
Hypophasio pigments, II. 898d 
Hypopho|q>hites, qualitative 
reactions, II. 573a 
Hypophosphorous acid, datn., 
II. 605c 

Hypophysis, VI. 200d 
Hyposulphite, »detn., gravi- 
metric, II. 6036 

Hyposulphites (hydrosul- 
phites) qualitative re- 
actions, II. 5746 
Hyposulphurous (dithionous) 
acid, detn., volumetric, II. 
660d 


Hypoxanthine, 11. 108a ; VT. 
4086 

■ - , detn., VT. 400d 
— , occiirTeiice, IJ. l!)7a, 390(/ 

- , syntliosis, VT. 4.08d 
H:^oxonitine, I. l22d 
” Hyraldite,” V. 32^ 

” Hyrgoir VI. 409d\ 
Hystazarin, 1. 212(A 222r, 402c 
— , l:4-dinitro-, I. 3flbic 

methyl ether in rhay root, 
II. 524c \ 

1-nitro-, 1. 302c \ 

” Hysterol," VI. 159c ' 

Hyzone, VI. 32 Id, a22d 


I 

lanthinite, I. 6616 ; V. 410a 
lanthone, VI. 410a 
Ibogaine, VI. 4106 
Icaco, VI. 410c 

Ice colour’s (azoic dyes), IV. 

J33c, 103a. 2276 ' 

Iceland moss, VT. 410c ^ 

-- spar, 11. 203c 

— fusion, II. 2296 
Ice-spar, HI. 4406 
Ichthammol, VI. 410c 
” IchthyoW VI. 410c 
Iconogen eikonoge^} '') test 

for potassium, II. 553d 
Icosane, VI. 410c 
" Icyl ” colours, IV. 234a 
Idssin, VI. 411a 
— , relation to ryanidin, III. 
116a 

Ideal gas, and definition, VI. 

412a, 413d 
Ideose, 11. 28.5d 
d-Iditol, II. 296d 
Idocrase, IV. 279d ; VI. 414a 
Idryl, V. 269c 
“ Iglodiner VI. 4146 
'• Igmerald,*' IV. 2796 ; V. 513a 
|_lgnition, see also Inflamma- 
bility ; Inflammable mix- 
ture. 

— by electric sparks, IV. 420c 

— limits and pressures, IV. 

417d, 422d, 427d ; V. 237o 

— phenomena, IV. 4176 

— ^oint diagram, IV. 426a 

— temperatures, detn., IV. 

4l9d. 421d 

, influence of time-lag, IV. 

420a 

of combustibles, IV. 425d 

gases, IV. “4206 ; V. 

.237d 

liquid fuels, IV. 4216 
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Iraotine, II. 392o 
iTex^vomitoriaf VI. 414b 
nicyl alcohol, 1. 092^/ 
minium, IT. r>l Ir ; VI. 4146 
Ulipd bult^jr, I. 043o, 0j3r ; U. 
108(/ 

lUipene, I. 053(1 
niip^ nuta, II. 31rf, 32a 
tllipi 8pp., 1. fi53a, c, 051a, 0556 
Illip4 tallow in cacao biillcr, 
II. 187c • 

in chocolate. Til. «S6 

muric acid. 111. 3386 
nmenite, 1. 05Or/ ; If. 3036; 

VI. 414(1 
Ilvaite, VI. 4156 
Imides, 11. 371a, 375(' 
j9 - Iminazolyl - oc-aminopro- 
pionic acid, VJ. 231 (^ 
Imines, VI. 4156 
Iminochlorides, K'lliidioii, IT. 
3746 


Indigo extract, IV. 129c ; VI. 
450a 

- extraction, VI. 430a 
Indigofera 8pp., VI. 906 ; VI. 
433r 

Ind^o-gluten. VI. 434 rf, 430a 
Indigoid dyes, VI. 4516 

— , identification, IV\ 151(1, 
150a ; VI. 4.50(1 

Indigo, leuco-, Nrr. liuligi» 
White. 

' - luaiiufaeture, VI. 4316 
’ , natural. VI. 432(‘, 133a 

— root, wild, I. OlOc 
Indigosol, IV. 1306, 1136 ; VI. 

no 

O. IV. 120r 

Indigo, structure .uul colour. 
VI. 1 17(1 

synllietie, VI. 432c 

, nianulaclurc, VI. 141c 

- , 5;7;.5':7''-tetral>r(Uuo-, \ I. 


Inductive elTect, VI. 465cl 
Inductor, 1. 12c 
Indulhies, I. 5796 ; VI. 4676 
Indurite, IV. 40.56 
InilanmiBbility of gaHOOua 
niixturos and dust (.see also 
Ignition), VJ. 427d 
InAainmable mixture, defini- 
tion, IV. 427« 

Infusorial mrtli, 111. 579a 
Ingrain dyess, IV. 102(/, 2256 
Inhibitors, gum, VT. 469e 
— , oxidation, VI. 468(1 
— , [tirkHiig. III. 77a 
Ink, VI. 485a 

-- , Chinese. II. 3126 ; III. 326 ; 
V I. 423c 

- ", copying, Vl. 480(1 
Tor records, YI. lS7a. ri 
- . lu‘ktograi>ii, VI. 4006 
. indelible. VI. 400a 
, Indian, 111. 326; VI. 423c 


Imino-groups, deln.. il. ii27f/ 
“ Imogen,'' VI. 415d 
— sulphite, VM- 415(1 
Imperialiiie, V. 33lia 
Improvers in tiour, II. SI 6 
Incaruatrin, 111. 207r/ ; VI. 
006 

Indaconine, 1. 1 23a 
Iiidaconitine, 1. 122(1 
Indamines, 1. 573a ; \'T. 416c 
Indanones, V'l. 305(1 
Indanthrene, J. looc, 11 Id, 
414c 


Indigotins, Jmlogenaled, VI. 

I. 52c 

Indigotin, s\nllietie, VI. 1 I2(r 
Indigo, ii-.e of ra.s.sui iorn v\il h, 

II . 1106 

Whde, IV. I3.5.r. I 12d, I70d, 
1856 ; VI. I116( 
Indihumin, VI. 1306 
Indimiilsin. \ I 137c 
Indiretm, \'l. 1306 
Indirubin, VI. 1306, 43Sa, 

4. 52(1, 10.56 


— colours, 1. 41 1-127 
Indanthronea, 1. 205(, 200a, 
411(1, ll ld 
Indazine, 1. 577c 
Indene and dcriv.s., VJ. 419((, 
421d 

Inderite, VI. 422c 
Indian lierry, 1. 370a ; 111. 

220e 


70a; 111. 


— buffalo grass, 11. IS2d 

“ Indian but ter tree, " T. 051a 
Indian fire, 1. 6636 
— - liqimrice, I. 4c 
Indican, VI. 006, 134c, I3tl6 
detection, Vi. 130(1 
Indicanin, V^J. 4306 
Indican, 8ynt}ie.sis, VI. 437a 
— , urinary, VI. 105(‘ 

Indicator exponent, VT. 120c 
Indicators, 11. 037(1 ; VI. 337d, 
425(1 

— , adsorption, II. 050a, 05Sa ; 
VI. 431a 

— , external, V'l. 425d 
— , tluorescent, V’^J. 4206 

— in vudumetric analysis, IT. 

037d 

— , iieutralisc'tToii, VI. 120a 
— , oxidation -red action, VI- 

429c 

radioactive, VI. 432a 
— , surface c.olour changes, VI. 

428f . . 

Indifulvin, a- and j9-, VI. 4306 
IndifuBcin, V^I. 4306 
Indigo, IV. 120r 
— , Alizarin, G, I. 233a 
— , analysis, VI. 439c 

— Carmine, IV. I29c ; VI. 4o0a 

— -copper (covelliie), III. 341c, 

3556, 413d 

— cultivation, VI. 433c 

4.5. and 4';5'-diphthaloy]-, 

’ i. 4126 

^ enzyme, VI. 437c 
VoL. VI.--37 


Indium, V’l. 4576 

— acet\lacelou(‘, V'l. HiOd 

— alloN.s, VI. 1.5S(r 

— ehloruh's, VI. 1 5, Sc 

, detn., II. 5036. 00(»a 
oxkU's, VI. 15th/ 

, (ju.ili1ali\e re.n lions, II. 
.5556, .5t)0(/, 5086 
-—.sulphate. VI. 150(1 

— tnruet h\ I, VI . 4006 
trij/lieiivl, VI. lOOc 

Indocarbocyanines and mdo- 
2'-carhocyanines, I. 577(1 ; 
111.5110* 

Indocyanines, 1. 577(1 ; 111. 
510.- 

Indole as iierfume, VI. 460(1 

— , detection ami detn., VI. 

402(1 

— Irom hiologicul malerial, VI. 

402c 

tryptophan, VI. 402(1 

- in civet, 111. 1016 
, iirepn., VI. 402d 
Indoles, VI. 

Indolignones , V 1 . 1 506 
fl-Indmyl-3-acetic acid, VJ. 
404a 

Indopbenol, Garhazole, VI. 
4l8r 

Indophenols, VI. 416(’^ 
as iiuJjcators*, VI. 417r 
- ]>roperties, VI. 4176 
Indothia-, indoxa-, oxaoxa- 
/olo-, oxaUiia- and oxathia- 
7.olo-cyauinea, III- 
Indotricarbocyanines , 1 1 1 - 

5276 

Indoxyl and 1. comi>oundfl, VI. 

464c 

Indoxylsulpburic acid, VI. 

Induction period, IV. 41 8d 
in heterogeneous re- 
actions, VI. 2236 


, lit hograpliie, VI . 400c 
, niarkirig, VI. I03(f, 
jMiudei's, .'iniline, VI, IStlc 
, pi'intnig. S' 1. lOOil 
, , .’iiMeitie in, VI. t02(l 

. , exMUUiinl ion, \’l. 402rl 

, iol.'igni\ lire, \ 1. 1026 
, secict, 111. 2216 ; VI. 480(1 

- .writing, e\iiiniii!i1 ion, S'l. 

1SS6 

InoBinase, IS'. 315(r 
luosine in carnine, II. 300(1 
InoBinic ncid, VI. OOe 
Inosite, .s‘(’c inositol. 

Inositol (tS(Y aluo Auxin), VI. 
138(1, 494a 

, d(‘teetion and detn., VI. 
405(1 

in celei v, 11. 4 116 
- Mtist, 11. 08(! 

, mono- II ml di-metliyl other, 
11.32c ; III. 540a 
mc5oInositol, V(. 13Hr/, 405a 
Insecticide, ciileiiim nrsenate, 
II. 220(1 

— ,eiiihoii l(‘t raehloi'ide («(’(’ 

(dun lihnnigHt.ion), 11. 350a 
catcehol, H. 4326 

— emulsions, IV. 301c 

— , Inchloroethyleiie, I. 103(1 
InsolubloB, treatnumt , in anal- 
ysis, 11. 5.5()a, 5.5H6 
— , ]).seudo-, treatment in 
analysis, U, 550r/. 
Insularme, VI. 496c 
Insulin, VI. 496d 
— , administration, VI. 501 d 

- , (ui/.yrne action on, VI. 

5(,'(V 

— , ijiojeoular weiglit, Vl. 500(1 
— , plivsiological action, VJ. 
51)0d 4 

- - , reactions, Vl. 4096 

— standardisation, \1. 5026 
— , 7, me in, VI. 500a 
Interatomic distances, VT. 

502c 

Interfacial angles, V. 204a ; 
Vl. 506(1 

IntermiceUar Iniuid, 111. 284a 
Inuhaya (inugaya) oil, Vl. 6166 
Inulase, IV. 3116 
Inulin, II. 2826, 286c, 303a 
luulo-coagulaBe, 111. 31a 
" InvarrVl. 510c 
Inversion of cane sugar, acid 
cali^ysis, 11. 530d; VI. 
^\d 
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Xnvertase (see also Enzymes ; 
Fermentation), II. 766, 
290d ; VI. 305fl, 510c 
— , activity detn., VI. 51 lo 

— from inoiildH, VI, 511c 
lodazide, I. 5816 

lodate, (ictn., gravimetric, II. 
6106 

lodates, qualitative reactions, 
II. 5776 

lodeznbolite, II. 481 r 
Iodide, detn., iiotentiornetric, 
11. 707c 

Iodides, qualitative reactions, 
II. 5776 

Iodine, sre also Halides ; Ilalo- 

gOllH. 

- as clilorine carrier, If. 3536 

— briJinide, II. 117a 

— , comiiound with casein, 11. 

414 c 

detn., gravimetric, II. OOOd 
, - - in Jiydrogeiiation analvsis, 
VJ. 3026 

, — , potentioinetric, II. 707c 
, -- , volumetric, II. 0.57c 
pent oxide in resiaratcu’s, 111. 
21u 

“ reagent lor carbon mon- 
oxide, 11. 351c 

— -, qualitative i'ea»‘tions, II. 

5776 

" Iodised ” salt, I. .5(i()d 
Iodoform as disnirectanl , I\'. 
22d 

lodyrite, II. 481c, 51 (id 
lonamines, 1. 3ti(/ 

Ionic mobilities, detinition, \'l. 
23Ha 

--- strongtlu (Irlinilnni, \'l. 210a 
pseudolonone, a- and B-, 111. 
184d 

Ions, hydration, VI. 295c 
— , solvated, VJ. 20, 5c, 207d 
Ipecacuanha, I\". 280^^ 

— alkaloids, see Ceidiaelme ; 

I]met.irie. 

— , cephacliiK! and emelinc 
from (.sec rt/ho Emetine), 
11. 480d 

^ecamine, IV. 281a 
Ipomosa spp., I. 055^ ; VI. 006 
" Jpral," 1. 623a 
Ipuranol, VI. 006 
" IrganaphthoW JV. 231a 
Iridin, V. 250d ; VI. OOc 
Iridium, detn., 1. 5206 ; II. 
614d 

— , — , micro-method, 11. 033c 

— qualitative reactions, II. 

554d, 556(/, .570a 
Iridosmine, J. 540d 
Irigenin, V. 250c^ 

Irillh moss, Irish pearl moss, I, 
^ 1096 ; 11. 403c 

— salt firkin butl er, II. 101a 
Irisin, If. 3036 

Iris spft.t VI. OOc, OOf/ 

Iron acetate, imndant., II. 53d, 
55a 

— .and mungaiKise, aindytical 
separation, VI. 2096 
steel assay, I. 520t/ » 

— as chlorine carrier, 11. 3536 
beidellite, 1. 6636 

— boride, II. 446 

— carbide, II. 280c, 480c 

— carbonate, II. 519c 

— carbonyl, II. 357a . 

hydride, II. 3585 ^ 


INDEX 

Iron carbonyl in gases and 
synthetic methanol, 11. 
3676 

town gas, 11. 3516 

- catalysts in prepn. of higher 

alcohols, II. 3506 

— -chromium alloy, 111. 1056 

— cyanides, complex, constitu- 

tion, III. 171d, 473d, 477c 
— , detn., colorimetric, II. 671c 
, — , electrodeposition met hod , 
11. 7016 

— , — , gravimetric, 11. 6116 
, — in clay, HI. 202a 
— , -, poteutiometric, II. 707c‘ 

— earth, blue-, II. 256 

— , electrodeposition, IV. 2()7a 
-glance, VI. lOOd 

— in pcroxid.'isc, Jl. 422c 

— })larjUs, I. 500d ; II. 183a, 
4 lid, 4S7a, 4966 

liquid, I. .55a 

ore, kidney, V'J. lOOd ■ 

, micaceous, V^J. lOOd 

oxide, catalysl, action oii 
water gas, II. 31!la, 425a 

- , catalyst ill ammonia pro- 
ducl ion, 11. 12 la 

— ^ nitric acid mami- 

factiire, 11. 421c 
in lacquers, II. 17,36 

- , passive, lU. 377a 

- phosphide, II. 225d 

- , qu/i.litative jeactioris, 11. 
552a, 577d 

, — - , rare metals present, 
II. 555a, 55(ld 

- salts as liisinlectaiits. IV'. 216 

- — , (h‘lu., voliiiiu tnc, If. 
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, specular, or specularilc, V'l. 

1 60d 

- spiiK'l, 1. 26 Ic 
Irritants in warlarc. 111. 7c 
Irvingia butter, l\'. la 

Isarit” IV. 2IHr 
Isatan, isalase, V'J, 13(id 
Isatin, \ 1. 1636 
— , colour reaction with tliio- 
plieii, VJ. J63r 
Isatis linctona,Yl. 906 
Isinglass, V. 5J0a 
Hongal, 1. 102d 
— , East Indian, 11. 102a 

— linings m beer, II. I02a 

- , Jaiiancse, I. 162d 
" /cocaine," 1. 309a 
“ Jsocol” III. 5156 
Isodisperse sots. III. 280a 
Isoelectric point, 111. 2856 
c( 5 -^rans-IsomeriBation cata- 

Ivsed by boron trifluoride, 
VI. 260tt 

Isoprene, carcinogenic com- 
pounds from, 11. 378c 
" — from acet ylene, 1. 85o 

— in synthesis of 2-methyl- 

aiithraquinone, I. 2086 

- , polymerides, II. 153c 

- , prepn., I. 89d ; II. 1.51c 
Isotetrandine, II. 48Ia 
Isotopes, see also individual 

elements. 

— , table, 1. 539a 
Isotopic equilibria and separa- 
tions, VI. 220a 

— excliaiige, VI. 2576 
" Istizin " 1. 2226 
Itaconic acid. 111. 185d 
from fermentation, V. 6 Od 


" Jtrol ” antiseptic, IV. aOa 
Ivory, vegetable, IIL 366c 
Iztaotzapotl, II. 41 7d 


J 

Jaborandi, VI. 99c 
Jacarandin, VI. 1366, c 
Jacinth, VJ. 288d 
Jack fruit, 1. 4«7<J 
Jacquard loom, V. 157a 
Jacqu6 test, IV. 534c 
Jacupirangite, I. 5856 
Jaff4 test for creatinine, III. 
418a 

Jaggery, 111. 54 8d 
Jalapin, VI. 9()c 
Jalap resm, 1X1. .326c 
Jamesonite, I. 439d 
Janus colomvs, JV. 2106, 220c 
Japaconitine, 1. 1226 
Japonic acid, 11. ^386 
Jargonelle pearl essence, I. 
36 1 c I 

Jasmine perruines, synihclic, 
IT. 422a \ 

Jateorrhizine. 11. 2356 
Jatropha cuicas, llll lOOc 
Jatrorrhizine, 11. 23.56 
Jaune Hrillant, 11. El la 
Javanine, HI. 1286, \l 68c 
Javelle water, 111. 4(6/ 

Jawar, 11, J82c 
Jecoleic acid, HI. 2176 
Jellygraph, V\. 26a 
Jequirity, J.4c 
Jeremejefbte, 1. 26 Id 
Jersey-stone, HI. 32r/ 
Jervine, pscado.lcrvme, VI. 
200r 

Jerwitz ('xti actor, 1\\ 582d 
Jesaconitlne, 1. 123a > 
Jesterin, II. 126c 
Jesuit’s mil. 111. 26r/ 

Jigs, IV. 1306 

Jorgensen's mctJiod, \. 76a 
Juglone, VJ. 1716 
Juniper tar oil, II. 188c 
Juniper us iipp,, 11. 30d ; 111. 

6016 

Jute, 11. 4616 ; \^ 1636 
' Ilimlipaiam, V. llHc 
— , China, V. 164c 
— licmicelliilose and lignin, W 
1646 


K 

Keempferide, JIT. 556c; V, 
4136 

Keempferin, HI. 5.50c ; VI. 90d 
Keempferitrin, HI. 5.50c ; VI. 
yOd, 4396 

Kaempferol, HI. .550a ; VI. 
90d, 4396 

— rhanmoside, IJL 556c 
Kaflir corn, II. 482c ^ 

Kafllrin in millet, H. 4846 
“ K^weol,” HI. 257d 
Kaijo, V. 94a 

Kainit, kainite, H. 1096 ; V. 
746 

Kajoo, I. 365d 
Kakodyl, 1. 480a 
Kalanite, 1. 703d 
Kale, 11. 1826 ; HI. 432d 
Kaliborate, 11. 356 
Kalinite, 1. 204c ; IV. 501d 
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. 29Sa 

V. 

I* 370a 
ve) Oil, 1. 
il. UiSf/ 

-i - Olay), IIJ. 10,V 
Kaoluute, I. 2(Urf ; Hi. inOa 
Kapok, kapok oil, V. ItiSr ; Ul. 
411, foot-note 

Karasu-uri seed oil, IV. 8tid 
Karit6 buttcf, I. 0546 
^Karitene,” I. «53f/ 
Karystian stone, I. 5006 
Karystiolite, J. 5(M»6 
Kast brisaiioe test, IV. 510i' 
Katanols, JV. 132a 
Katathermometer, \'I. 2b86 
Kath, JI. 433c 
Katharometer, VI. 28(56 
Katio oil, I. (i55ffl 
Katsuobushi, V. 5 Or 
Kavatel oil, II. r)22f^ 

Kayene, a- and /3-, 1. Kidd 
K.C U. or kilo^iaiii-crnt i^fr.ide 
unit, 33K 

Keeviiiff jn cnh'i-, JII. I25r 
Kekin, kiikni or krknna (jil, Tl. 
202( 

“ Kelene," I V. 350a 
Keller-Kiliam niution, II. 
38:if/ 

Kellner jOerl roht ir rrll, HI. 

55rif 

-Nolvay eloctrnUt ic rclI.HJ. 
5(56 

Kelp, 1. 100a 

Kelvin lm]H'raluri' smbs M. 
1126 

Kemps in ^^r>ol, V. !(Sa 
Kentallenite, \'. I()06 
Kephalm, lirain, and tJiioni 
bokiiMsr, II. 23d 

- , ( olainine iroin, 1 1 1. OJa 
Kephalins I'loin biaiti and 

soy.i bean, II. 5ja ; \ 1. 7da. 
Keracyanin, 1 . 4 10a ; HI. 

2.V ; \'l. !M)d 

Keramyl" disinlcclanl , \\\ 
23a 

Kerasin, II. 5()(lr ; A’l. Odd 
Keratin, H. ]2r 

a- and V. 1026 
“ Keratin ” in plaHer.s, H. ]31r 
Keratins, IV. 123a ; VJ. 216 
“ Kermes by the ilr> ^\a>',” I. 
440d 

Kermesite, J. 430d, 4 lod 
Kermes, keriuesic acid, HI. 
2206 

minoial, 1. 44C)c‘ 

Kerner test for cinclionidinc, 
111. 133d 

Kernitti, IT. 40a, 40a 
K^su, H. I.j7d 
Kesuda, 11. 157d 
Keten acclals, 1. 3(id 

- from acetaldehyde, I. 25a 
p-Ketobornyl cJiloride, 11. 2526 
Ketocampbor, II. 240e 
W-Ketoesters, alkylation, H. 

3(i7d 

Ketols, J. 30e 
Ketones, JJ. 373c 

compounds with sugais, 11. 

' 200a 

^ from carbon monoxide, II. 
3506 

liiilo^cnation, \'l. 2576 

- ! oxidation, H. 3026 

prototropy, VI. 2500 


Kalioalunite, I 
y^stlckstoff, 
Kalmopyrin,*^ 
Kanswe (Kansi 
Kanya bultcr, ] 
Kaolin (see alan 


Ketopinic acid, II. 33c 
Ketoses from aldoses, II. 203d 
Keweenawite, ooc 
Khakanfiit, lU. 2446 
Khaki, Indanthreue, 2U, 1. 
4226 

— shades, IV. 127c 
“ Kharsivan” J. 4016 
" Khars ulphan,** 1. 402tt 
Kier boil in cotton bleucliing, 
11. 3d, «d ; V. iS la 
Kiers, II. 06 

Kieselguhr. 111.579a ; IV. 2306 
Kieserite. IV. 3216 
Killas, VI. ]2(lc 
Kilns, ilofiiuiii, /.ig-zag, II. 
121c 

Kiixiberlite, 111. 57 5d 
“ Kineurine," JH. 174a 
King* i‘xliaelor. IV. r>S2c 
Kino, Hengal, H. 157d 
Kirschner value ol bulier, H. 
1 0(5a 

Kirschwasser, HI. 25a 
Kish, 11. 31.5a 
Kitul, K)S6 

Kjeldahl - Gunning min •gen 
del n.» 1 1. 836 

Kjeldahl nitiogm d<ln., H. 
(5106; 002a 

— , imern - inel bod. 1 1. 

(531c 

Kliachite, I. 050d 
“ KUmaktonc," J\'. 52c 
Knight pack<-t sam]>liM', I. 5I0« 
Knochenol, 11. 20d 
Knock 111 i»etrnl-air engines, IV. 

112c, 111a, 4 lOa 
Knorr extractor, I\'. 577a 
Kochelite, H. 5I2< 

Kochite, J. 2(5 Id 
Kodachrome, K(»da color j»ro- 
ee.sMc.s, H. IKid, 453a. 
Konigswasser, 1. 1536 
“ Kogasin '* i. and ii., 378r 
Koh-i-noor, HI. 578a 
Kohl, W. I7ud 
- -rain, J I. 1826 
Koji, \'. 5!(6 

Ko]ic acid fwmi AsperyiUus 
orifZ(v, V. 51 d 
Kokaro, Jl. 2016 
Kokusagine, III. 002d 
Kola nut.s, tJieolmmiiiie in, IT. 
107c 

Kolatein, 11. 438d 
Kolbe reaction, H. 3(516 
“ Kolchugalumin,'' J. 2536 
Koller grate, V. 3716 
Konjak powilor, glueoinannan 
ill, II. 302d 

" Koroseal ” pla.^^tie, I. Old 
Kouznine, konmitiu-ine, kounu- 
nidine and koiiiiiinirie, V, 
51 la 

Kounidine, V. 5116 
Kousso, HI. 403c 
Kou-wen, V. 51 16 
Krabao oil, Jl. .521 d 
Kraft iiapor, II. 402a 
Kraut reagent, 1. 235c 
Krebs electrolytic cell, HI. 546 
Kreis tc.st for almond oil, I, 
20Uc 

rancidity, JL 1086 

" Kronelyne ” (T.P.P.), I. 263d 
Kryptocyanine, III. 517c 
Kr^ton, detn., spectroscopic*, 
il. 002a 

Kryptopyrrole, III. H3b 
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Kryptoxanthin, H. 2726, 300c ; 

HI. 184d 

“ Krystallin,” 1. 372c 
K. S.Seewasser (K.S.S.) alloy 
1. 251c, 2756, 277c 
Kukoline, JV. 52d 
Kunstlab, IV. 315r 
Kupferblende, IV. 500d 
Kupiemickel, I. 400u 
Kupferpecherz, HI. 1K)6 
Kupfer-smaragd, iV. 7d 
Kupraznite, in respirators, 111. 
2()c 

Kurchenine. 111. 323c 
Kurchi-bark, alkaloids, HI. 
321d. 321a 

Kurchicine, knrcliine. 111. 323c 
Kuroznazzie, III. 110a 
Kusu oil. l\'. 16 
Kutch, 1. 11c 
Kyanite, 1. 20 Id, 3706 
" kyanol,” 1. 372c 
Kynoch snnikeb ss janvder, 1\’. 
.5106 


L 

Labradorite, I. ii52a ; V. .'’a 
Laccase, IV. 3156 
Lachrymators in waifare, HI, 

7 c 

Lacquers, str also Aearoid 
resitiH ; Cellulose laequei's ; 
Dainimti n^sin. 

, cellulose. 1 1 , 467d 
, cold, 11. 4(i0c 
. Kreimmg, 11. 1736 .. 

— , niti'oeelliilose, H. 4046 
Lactacidogen, V. 2k' ; VI. 75a 
Lactalbuznin, 11. 412c 
Lactase. 11. 2006 ; IV. 282rf 
Lactic acid ferment at icm, V, 

5 (Id 

formation in iniisele ex • 
Irael , V. 31c 
in biiuij, VI. 706 
- food, detection ami 
detn., V. 3(l0a 

imisele extract , V. 31c, 

31d ; VJ. 71d, 75c 
bai'tena in brewing, Jl. H7a 

butter, ]J. 100a 

Lactobacillus ocidophiLus, J. 43d 
Lactoflavin, J. 100c ; JJ. 2876 ; 
VI. OJa 

Lactose, IJ. 2826, 2086, 200a 
ncoLactose, H. 2006 
Lactulose, Ji. 2006 
Laderellite, 11. 3;56, 486 
Leevoglucosan, 11. 2056 
LsBVulic acid ami derivs. («cc 
also J^H^rvulinie acid), L 71 d 
LsBVuliziic or la-vulic acia, IT, 
2H8c 

LsBvulose, see also Fructose. 

-- in cabbage, cereals, II. 183a, 
487a 

Lake, definition, IV. 1286 

— dve.4, HI. 335c, 330a ; IV. 

231c 

Lakes in plastics, IJ. 4706 
Lallemantia oil, IV. 80c 
Lama huanaco, I. 202d 
Laminarin, 1. 190c 
Lampblack, 11. 312a; VI. 
42.3c 

Lazigm^'s equation, VI. 373a 

— i^klt^lllITn, II. 540a; VI. 

%08c, 209d, 217a 
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“ Lanital*^ II. il6a ; IV. 125c ; 
V, 113ii 

l<anolin» III. 02c 
Lanovterol, III. Q2d 
DftnthHnnTTi in ccrite, II. 507a, 
511c 

— nitrate in ash detns., II. 83a 

Lantbocerite, 11. 507a 
Lap, V. 1456 

“ Lapis,” German and Swiss, 
V. 514c 

Lapis-lazuli, I. 291c ; V. .514c 
Lappaconitine, 1. 123c 
Lard oil, VI. 135a 

— substitutes, IV. 2536 

" Largin ” antiseptic, IV. 20a 
Larkspur, alkaloids, ITI. 550c 
Larocaine, I. 309a 
Lasne method, V. 79a 
Lassaigne's test for nitrogen, 

II. 015a 

Laterisation, of granitic rocks, 

III. 194d 
Laterite, I. 050c 

— , building stone, 11. 13S i 
Latex, uses, for textiles, V . 1 9 Id 
Latlfolia fat, I. 053a 
Laughing gas, I. 307a 
Laurasin, 111. 20a 
Laurent acid, IV. 20(jd 
Laurin in Cuy Cay fat, tl. 139c 
Laurite, 111. 327c 
Laurocerasi folia (11. 1*.), 111. 

26a 

tsoLaurolene, 11. 24 8d 
Laurolenic acid, lauronolic 
acid, II. 249a 

^-Lauronolic acid, II. 219a 
isoLauronolic acid, 11. 2186 
Laurvikite, V. 4()9a 
“ LauiaV* 1. 2536, 277a 
Lautarite, 111. 00 la 
'* Lawsone,” Vi. 1716, 20 Id 
Lawsonia albu, 1. 230rt ; VI. 
« 201c 

Lazulite, 1. 58;id 
Lazurite, I. 20 Id, 5.S3d 
leaching, IV. 502d 
Lead acetylidc, 11. 281 c 

— os trace element, I. 5076 
- block test, IV. 5 l7d 

— burning, oxy-acctylerie, I. 

116c 

— carbonate, 11. 510d 

— chromate, III. OOd, 11 Id 
, mineral, HI. d30a 

— cyanato, 111. 607c 

j detn., assay, I. 5276 
— , — by electrodeposition, II. 

7016 ; IV. 268d 
— , — , colorimetric, II. 071d 
— , gravimetric, II. 5906 
— , - in food, IT. 292c; V. 292c 

— , water supplies, 11. 292c 

potentiometric, 11. 707d 
— , — , volumetric, IT. 0616 
— , drop reaction, II. 580c 

— nitrate explosives, IV. 404c 

— oxychloride, II. 4186 

— poisoning in ceramic in- 

dustries, VT. flc 

— , qualitative reactions, JI 
5510, 571c 

— , , rare metals present, 

II. 5546, 550d 

— , red, and litharge for glass 
making, V. 5616 

— steamte in caudles, 11. 2fl4d 

— , sugar of, I. 556 ^ 

sulphantimouite, II. 53c 


A tetraisobutyl, II. 1 73c 
tetraethyl, IV. 41 7d 
— . detn., 11. 884a 
-tin alloys, eloctrodrpositioii, 

IV. 270c 

Leal beet, 11. 520c 
Leather, artiOcial, V. 195c 
— , casein in finishing, II. 4146 

— cloths, V. 1956 

“ degreasing iiy trichloro- 
ethylnne, I. 103a 

— Onishlng, castor oil in, H. 

422a 

Leaven, IL 796 
Lebedev extract, V. 14a 
Leblanc process, 111. 09d 
LebleUji, III. 296 
Le Ghatelier-Braun equili- 
brium, IT. 53 id, 538a ; VI. 
2296 

Lecithide iu rice, II. 499a 
Lecithin, VI. 70a 
Lecithinaae, IV. 3146 
Lecithin in foods, IT. 180a, 
499a; III. 87c 

Ledger (cinchona) bark, 111. 
1286 

Ledouxite, IV. 55c 
L4gal ivac'iinii, of cardiac gly- 
cosides, 11. 3S3d 
Legumes, ill. 432c 
Lemon Clironie, 111. 1126 
-- grass oil. cilral in, HI. 183d 

- juice, HI. ISOd 
Lena Baiu, HI. 19la 
Lepargylic acid, 1. 561c 
Lepidme, HI. 1.596 
Lepidocrocite, JI. 25d ; VI. 

1016 

Lepidolite, 11. I9.5r 
Lettocine, Hi. 323d 
Leucaurcunine, I. 51 Sc 
Leucine, oarbainic scid from, 
TT. 2786 

d-isoLeucine, Meueino, 1. 31 7c 
Leucite, 1. 20 Id, 052a 

— -iiephelino-tephrjte, 1. 4c 
Leucoalizarin, 1. 2l9d 
Leucoaposaf ranine, 1. 574d 
Leucocytes, of blood, 11. I9d 
Leuco-indigoid dyes, VI. 151 d 
Leucopynte, 1. 409a 
Leucoquinizarin, I. 2216 
Leucosin, H. 505a 

” Leunaphos,” 1. 353d 
“ Leunasalpeter,*' 1. 352d 
Levan, IT. 3036 
Libethenite, HI. 359a 
Licbenase, II. 87d 
Lichenin, acetolysis, II. 442d 
Lichtenberg's alloy, 1. 098d 
Idchtenecker's formula, V. 5406 
Lichtnussbaum. 11. 202c 
LiesegEuig’s rings, 111. 293c 
Lievnte, VI. 4156 
Lignine^phonate, calcium, II. 
401 d 

Lignites, V. 338c 
Ld^ocellulose, H. 407a 
Lignoceric acid, I. 450a ; II. 
3906 

Lilium tigrinum^ I. 3816 
Lily qf the valley, glycosides, 
IL 387a ; III. 326c 
Lima wood, II. 68a 
Lime and limestone for glass- 
making, V. 5606 
— , l>asic carbonates from, II. 
221c 

Blue Lias, II. 133d, 210d 


Lime boi), II. 5d ; V. 183d 
, Chaux de Teil, II. 2106 

— deficiency in grass land, VI. 

132d 

", free, detn., 11. 654c 

— (fruit) juice, III. 186d 
, ground, H. 1356 

— in building materials, 11. 

133a 

— — casein paitite, II. 415c 
— , milk of , 11. 21*0 

— production and uses, 11. 2066 
— , reaction with carton mon- 
oxide and steam, H. 8496 

Limes, ” fat ” and ” poor,” II. 
210d 

grey, H. 133c 

Liine, slaking, for building, 11. 
1346 

Limes, magnesian, H. 135c ; 
IV. 54o 

Limestone as building stone, 
IL 137c i 

— for glassniakiiig, y . 500c 
Limonene, auioxidkUon, H. 

404d \ 

, degradation to isobrene, TL 
154d \ 

— , TT. 407a \ 

Ltoonite, ll. 26a \ 

Linalol, see Liualool. 

Linalool in coriander oil, 111. 
3()4d 

— in essential oils, 1. 684a ; 11. 

249c, 2616; III. 1836, r, 
364 d 


— , prepn., V. 517d 
Linamarin, VI. 91a 
Linarin, VI. 916 
Linen, bleaching, IL \\a 
Linnseite, HI. 2146, 222c 
Linoleates in boiled oil, II. 256 
Linoleic acid, 1. 199c 

glycerides {seealno Drying 

(Mis), 11. 103o, 263n. 4216, 
1946 ; VT. 68d 

Linolenic acid glycerides, see 
Drying oils. 

, occurrence, IL 2376, 203a 

Linolic acid, see Linoleic acid. 
Linoplastic, IL 47.5d 
Linotype metal, I. 445c 
Linoxyn, 11. 25a 
Linseed, cattle-cake, I. 455a ; 
IV. 594c 

— oil, bleached, IV. 88a 

” break,” IV. 87c 

, relining, IV. 87c 

, stand oil, IV. 88c 

, substitutes,- IV. 81d, 876 

, sulphurised, IV. 90c 

, theory of drying process, 

IV. 926 

Linters, HI. 40Qc ; IV. 5066 ; 

V. 116c, 135d 
Liparite, HI. 32d 

Lipase in castor oil seeds, II. 
4206 


malting, II. 80a 

rice, H. 495d 

Upases, IV. 3136 ; VI. 3056, 
306d - 

Upoebrome:, lipoid ratio, II. 
394a 


UpochromsB, II. 397d 
Upowltz’s alloy, 1. 008o 
Uquation, IV. Ttid 
Uqueurs, 111. 9616 
” Uquid carbolic acid,” 
4266 


in. 
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Liquiritin, VI. 016 
Liquor cre^is saptntahts, IV. 
206 

— plumhi aubacetathy I. 56c 
“ Lissolamine,*' IV. 145rf 
Lister’s salt, TV. 25d 

** Litfu'opi/rin,” 1. 4536 
Lithium carbonyl, II. 357r 
— , detn., gravimetric, 11. 583c 

— in ferganite, II. 3936 

— occurrence? in planta, I. 507c 

— , qualitative react ioiih, II, 

r)47r, 556c, 563d, ri65d 
Lithocholic acid, I. 6896 
Litho oils, IV. 88c ; VI. 49 J a 
lithopone, 1. 640d 

— in moulding powders, II. 

4795 

Lithothamnium, coral Tnun, HI. 
3606 

Litmus, II. 6406 
Ldttle’s “ soluble phRiiylo," IV. 
29d 

Liver eRteniae, inhibition, II. 
200c 

— extract. VJ.204d 

oil, Sukelodara, HI. 244c 

Livetin, IV. 25r>d 
Uicteria, V. 328c 
" Locron,” V. 226a 
Ldllingite, I. 469a 
" Lo~Ex ” (“ Loex ”) alloy, I. 
2536, 277c 

Logwood, H. 2376 ; IV, 126a 
Lohznann’s esters, V. 2 Id 
Loipoxiic acid, HI. 111c, KiOa 
Longifolia fat, I. 6536, Jool- 
iiote 

Lonicera app., VI. 265(1 
Loonzein, H. 4906 
Lophine, VJ. 99a 

lumiiu'stjcnt oxidiilion, 111. 
2ta 

Lopionr VI. 1196 
Loranskite, 11. 51 2c 
“ Lords and Ladie.s,” 1. 497d 
Lorentz and Lorenz formula, 
V. 5466 

“ Loro/," IV. 2866 
Loturine, VI. 188a 
Lotus arabicua, VI. 916 
Lotusin, VI. 916 
Lowe's test, of i>heiiol, II. 
304 c., 3086 

Low-temperature carbonisa- 
tion, V. 364d, 450a 
“ Low wines,” V^ 532d 
L.O.X., IV. r>46a 
Luhanol, I. 615d 
Lubricants, carcinogenic, 11. 
3786 

— , castor oil in, H. 420c 
— , refining, II. 308d 
Lubrication, boundary, VI. 
509a 

Lucerne, 1. 199a 

— meal, IV. 6966 
Luciouline, 1. 124a 
Lucidusculine, 1. 123d 
Luclterase, luciferin, III. 24a 
Lukrabo oil, IT. 521d 
Lulu^butter, 1. 6546^ 
Lmnbang, candle-nut oil, I. 

198c ; II. 2926 ; IV. 83d 
Lumbricus, beemoglobin, VI. 
leSc 

Lumen, definition, V, 17 Id, 
ioot-note 

Xiiimtflevin, relation to vitamin 

,B». 11. 2876 


" Luminal,^* I. 6230 
Lumlsterol, 11. 2U2a ; IV. 
32ed 

Lupeol, I. 653d 
Lapinas spp,, 1. 4596 ; VI. 896 
Lupulon, IT. 92a 
Lupus metallonim, I. 4466 
Lusitanicoside, VI. 91c 
Lussatite, 11. 5176 
Lutecia, H. 4806 
Lutecite, H. 5176 
Lutecium metals, H. 5Uc 
Luteic acid, V. 58o ; \'l. 91c 
Lutein, 1. 201a; 11. 2726, 

398a ; HI. IHld 
Luteoleersin, V. r>6d 
Luteolin, IV. 189a 
Luteolinidin, 253a 
Luteose, V. 58a 
Lutidine from acelvlenc, J. 
84 c 

Luxullianite, VI. 1276 
Luzonite, IV. 30Sa 
Lycaconitine. 1. 123(/ 

Lycine, ], 686a 
Lycopenal, H. :9M16 
Lycopene, II 398a 
Lycoperdin. lvcM»|ierdon, VI. 
‘lie 

Lycophyll, 11. 399d 
Lycoxanthin, II. 399e 
Lyddite, 11. 308d ; IV. ITOd 
Lydian-stone, T. 46 
Lymn i^ashor, V. 495 
Lymph, physiology', II. 21a 
Lynite, 1. 277c 
Lyophilic colloids, III. 279d 
Lyophobic colloids, HI. 279d 
Lyotropic si^ries, 1 1 1. 28(9/ 
Lysergic arid. IV. 328a 
Lysine in cabbage?, II. I82r/ 

** Lusoir 427d; IV. 296, 
3:5d 

Lysolecithin, IT. 499a 
Lysozyme, IV. 2556 
" Lytophan,'' VI. 2266 


M 

" Macante” IV. 46ic, 46.5d 
Machilol, IV. 393a 
Machtlus kusnnoi, niacliilol 
froui, IV. 39,3a 

Maclagen's tc.st for cocaine, 

III, 2246 

Macoubeine, 111. 460c 
Madara oils. III. 240c 
Madder, I. 2036 ; IV. 120c 
— , Indian, II. 523r 
Madhuca ajyp., I. 653a, c, 654 a 
Magenta, Acid, 1. 120a 
“ Magnalium,” I. 2536, 277c 
Magnesia, caustic, 11. 1366 
— , dead-burnt, II. 1366 

— for glassmaUng, V. 560c 

— in calcium carbide manu- 

facture, II. 217a 
Jidagnesian limest/one, II. 135c ; 

IV. 54a 

Magnesite, decomposition, IT. 
324o 

Magnesium acetate in flour 
analysis, II. 83a 
— , action on prothrombin, II. 
2Se 

— alloys. I. 2656 

— and its Alloys, protection, 

HI. 393a 

— as trace eleinent, 1. 507c 
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Maghasium boride, 11. 41a, 
446 

— carbide, H. 2816 

— chloride in carnallitc, H. 

390a 

— chloroborate, H. 306, 48d 

— compounds in building 

materinls. H. 1286, 133a 

— cyanide. III. 4926 

, detn., colorimetric, 11. 67ld 
gravimetric, 11. 5K8a 
- - in clay, 111. 2036 

sped I'oHCopic, 11. 692a 
~ , volumetric, II. 66Jd 
drop read ion, 11. 5S0d 

— liydrosilicnte, adsorbent, IV. 

2486 

— hydroxide, miiierH.1, H. 1196 
-- ions, catalyticelTectiii muscle 

extract, VI. 77(/ 

— oxide, action (ui wat-er gas, 

IT. 3496 

oxycliltuide cement, II. 135c 

— , ({iiahtal ive reactions, H. 

55 la, 567f/, 

, , r:iic indiil.H present, 

II. 556c, .563a 
-- uranyl acetate. II. .5846 
Magneson test for Mg, 11. 
556c 

Magnetite, 11. 3936 
" Magnumimum,'* I. 2.55(/ 
Maguey lllne, \'. 167d 
Maha pengiri gr.iss, citronella 
oil from, HI. 191 a 
Mahua butter, J. 653a 
Ma Huang, IV. 311V 
Maitrank, 111. 412r/ 

Maiuri dry ire process, 1 1 . 3276 
Maiwein.'lll. 4\2d 
Maize, II. 4 Sir/ 

, detn. in wluv’il, H. 482a 
- oil, II. 482r 

starch, fennenlal ion, II. 47 Id 
Maja squlnaiio^ nstacin from, L* 
532r 

Malachite, Hi. 26r, 34 Ic, 355(/ 
Maladie dc la t/ourne, III. I27a 
Malates, (|iia litativo read ions, 

• H. 570a 
Male fc'rn, V. ISOd 
Maleic acid, V. 387a 

— anhydride, addition to dieiies, 

II. ir)2f/ 

— — , prepn., H. 428rt 

, relictions, V. 3886 
Maleyl chloride, V. 3876 ^ 

Malic acid from mould feimcu- 
tatiun, V. 50c 

, prepn., H. 428a 

Malinowskite, IV. 590d 
Malladrite, V. 606 
Malololc acid, I. 4516 ^ 

Malonhydroxamic acid* H. 
3523 

Malonic acid formation, II. 
352d 

— amide, H. 352d 

— anhydride, mpo (.’arbon sub- 

oxide. 

Malonyl chloride, II. 352d 
Malonyltirea, 1. 020c 
Malt, see Amylase ; Barley ; 
Brewing. 

— extract (see oZso Amylase), I. 

6456 

Maltaae, action on malto.se, H 
299a 

— - iikdcnigb» II. 766 
M ail^» IL 876 
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Maltodeztrui and inalUxJox- 
trin-a and -fl, III, r>d8d, 
m\)a 

“ Maltoddxtrin ” from cone. 

starch solutions, III. 6606 
y-Maltodextrin, III, 569a 
Maltose, II. 2826, 2086 

— units in starch, II. 301c 
Malvidin, III. 654c 

— monoglucoside, I. 357c 
Malvin, JIl. rj54c ; VI. Old 
Mameli’s extractor, IV. 588c 
Manainyrin, IV. 2756 
Mancona bark, IV. 33 5d 
Mandelic acid, antisei^tic, IV. 

206 

Mandelonitrile, L. 357d 

— -j9-glucoside, 1. 357d 
Mand ioc starch, 11. 418c 
Mcmelresene, IV. 2756 
Manganaxinite, 1. 56()d 
Manganbrucite, II. 1106 
Manganese aluminate, V. 4146 

-and iron, analytical .separa- 
tion, y\t 2096 

— borate in boiled oil, 11. 206 

- boride, 11. 446 

— carbide, 11. 281 c 
-dellciency disease, 11. 507r 
detn., assay, T. 527r/ 

— , colorifnei.ric, II. ()72a 
-- , — , electrodepo.sihon, IT. 

701c 

• -, -, gravimetric, 11. 6106 
— , — in clay, 1 U. 202d 
— water supply, V. 202d 
— f volumetric, JI. 602a 

— in rice, II. 4966 
wheal;, 1 1 . 505c 

— oxide, Hotion on carbon mon- 

oxide, II. 350d 

, hydrated, 111. 21 Jc 

in respirators, 111. 196 

, oxides, mineral, 11. M9a 
* - — peroxide, oxidation of car- 
bon monoxide by, 11, 317a 
, qualitative read ions, II. 
548tt, 5526, 577c 

— , rare metals iiresont, 

11. 555d, 550d 
• — separatioTi.s, II. 553c 
, trace element, IT. 505c, 507c 
Manganite, III. 579a 
Manganocolumbite, 111. 309c 
Msingel-wurzel, T. 601c 
Mangold, I. 661c 
ManSa, IT. 4616 

— elorni, TV. 275a 
Msinnan, II. 403a ; VI. 201a 
Mannanase, JV. 3146 
Mannan in carob fruds, Tl. 

3936 

Mannans, IT. 302d 
MamiinotrioBe. 11. .3016 
Mannite in cabbage, IT. 183a 
d-Mannite, II. 26yc 
Mannitol, II. 296c 
formation, IT. 2856 

- from moulds, V. 51c 
— , hoxanitro-, IV. 500d 

- - in celery, TI. 4416 

ergot, -IV. 33 Id 

Mannobiose from mannans, 

II. 302d 

Mannocaroloae, V. 58a 
d-Mannoketoheptose, 11. 
286d« 

Mannose, II. 2826, 403a 
— in carob ft-uits, II. ^936 

Mannoside, VI. S2c I 


INDEX 

Mannuronic acid, 11. 297d 
•' Manucol” V. 124d 
Manure, farmyard, V. 616 
ILsh, V. 616 
— , seaweetl, V. 016 
Manures {see also Kertiliscrs), 
V. 61<i 

— , relative value, V. 746 
“ Mapharsen” 1. 1896 
Maraschino, 111. 25a 
Marble, budding, 11. 137c 
Marc, II. 63c 
Marcasite, 111. 327c 
Margarita , IV. 279d 
Margosa bark, M. oil, 1. 501a 
Marine glue^ VI. 216 

— soaps, 111. 2126 
Mar inobuf agin, II. 388c 
Marinobufotoxin, 11. .388c 
Markasol, I. 700d 
Marmelosin, I. 155c 
Maroon, Alizarin, I. 228c, 39.36 
Marotti oil, 11. 5236 
Marsh mallow, I. 263d 
Marsh’s test, I. 470c 
Marua, II. IS2d 

Marver, V. 57.Sc 
Mash in brewing, II. Old 
Mass act ion law, IT. 5330, 
5.366 ; IV. .3386 ; VI. 383a 
Mastic in lacquers, II. 4(»9d 
Matezodambose, V'l. 191c 
Matosano, 11. 1 1 7d 
Matte, cob.ilt, III. 214d 
■ , cojiiK'r, III. 34 2c 
Matteucinol, V. 25:ia 
“ Mauve,” 1. ,577r 
Mauveine, I. 561c, 57(J6, 5776 
** Maxochlor,** 111. 64c 
Mayer’s reageid, J. 2.3.5d 
Mayonnaise, IV". 3036 
Mead, VI. 2616 
Meadow salTrou seeds, col- 
chicine from, 111. 2766 
Meal, bone, IV. 5976 
— - •, as leeding sInIT, iV. 
597c 

~ , fish, TV^ 5976 
- meal , IV. 5976 

— — and bone, IV. 5976 

Mecocyanin, VI. !Hd 
Medicago spy., 1. 199a; 111. 

205c 

” MedinaW 1- 623a 
Mee oil, I. 653c 
Megass, 1. 585d 
Meiler oven, II. 3l0c 
Meker burner, V. 2.50c 
Mekocyanin, relation to evani- 
din, TIL 116a 

Melaconite, III. 341c, 3546 
Melamine, III. 6036 
Melanchroite, chromium in, 
JIT. 906 

Mel depuraium, VI. 2(5 16 
Melezitose, 11. 2826, :uilc 
Melia azadiraclda, J. 561a ; V. 
5l0a 

Melibiase, IT. 299c 
Melibiose, IT. 2986, 299c 
Melilite, I. 652a 
Melilotic acid, III. 412c 
Melilotin, 111. 412d ; VI. Old 
MelUotoside, VI. Old 
Melinite, IV. 476d 
Mellssyl alcohol in rice, II. 
4046 

— cerotatc, in rice, II. 4946 
Mellein, V. .53a 
Mellite, 1. 2a4d 


Mellitic acid, 1 1, 310c 
Melting-point, incongruent, 
VI. 4l5d 

Mendozite, I. 206a 
Mengite, II. 5126 
Menhaden oil, V. 2276 
Menthadiene, II. 40.5a 

— in chonopodiuin, III. 24d 
Menthol, prepn,, 11. 426d 
Mercaptan, II. 684a 
Mercaptems, formation lu 

wood-pulping, 11. 462a 
Mercerisation 'methods and 
plant, V. 1436, 184a 
Mercerising and parchrnen- 
tising, V. 1016 

• “ col-ton cloth and yarn, IV. 
122d, 130d ; V. I81a 

rayon fabrics, V. 186a 

— , effect on fibre structure, II. 
460c 

— in viscose nuinufactiu’o, I. 

117d; II. 342dj 4656 
Mercuration of ciichona al- 
kaltiids. III. 13.56 
Mercuretol, I. 1626\ 
Mercuri-acetEddeh^me, Iri- 
chloi-o-, I. lOc \ 
Mercuric com])ouiidfi sec also 
Mercury. \ 

— cyanide, IN. 487a \ 

— oxide, oxidation ot aldehydes 
by, 11. 3026 

— stilts, qualit;i-f-i ve reactions, 

11. r,(57d 

Mercurius rilnr I. 4l8a 
Mercurochrome, IV. 316c 
” Mecurophen ” antiseptic, IV'. 
25d 

Mercurous compounds, sec also 
Mercury. 

— clilonde, II. 235a 

— s« 1 ts , q ua lita I -i ve reactions, 

II. 567d 

Mercury eurbide, II. 2816 

— - compounds, see also Mercuric! 

and Mercurous compounds. 
-, detn., assay, J. 528a 
— , — by hydrogenation, VI. 
36 Id 

. — , cloctrodcposibiou, 11. 
701 d 

, gravimetric, II. 590d 
, — in gases, 11. 684a 
— , liydrc^genation analy- 

sis, VI. 362o 

, — , potentiometric method, 
11. 707d 

, — , volumetric, II. 662c 
, drop reaction, 11. 580d 
, e.lectrodeposition, IV. 270a 

— fulminate, action of metals 

on, IV. 540a 

— , Chandelon’s process, IV- 
536c 

, Chevalier’s process, IV. 

6366 

- — , detn. of carbon and 
nitrogen, IV. 5426 

-, oxalate, IV. 542a 

total and free mer- 

curyf IV. 541c, 642ffl 

, oil'cet of conditions, IV. 

538d, 530d 

, explosive properties, IV. 

5406, 5426 

, fulminate value, IV. 541c 

■ properties and density, 
IV. 538a 

manufacture, IV. 5376 
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Mercury fulniinalo, pliysio- 
logiral onVcU. IV. 54 

, tests, IV. ollr 

-» qualitat ive reactions, II. 
551 «, 

> , rare iiictiilh present', 

II, 554^/. 

sails, roactiim with iron car- 
bonyl, II. :ViHb 

— sulphide, I y. I Tllr 

Meriodin, 1. iTsod 
Meroquinene, III. 1105, I50r 
Merrill - Crowe lu’ot’ess, VI. 
lOOf 

Mesabite, VI. 1015 
Me^aconitine, 1. llilr, I22r, d 
Mesidine, 1. :,7:i5 ; III. 
Mesitylene, I. iMhJ, iwul ; HI. 

1 57r 

Mesityl oxide, I. OOr/ 
Mesobilirubiu, lueHoliili- 
ruhinoKcn, I. 01) la, d 
Mesocystine, 111. 5125 
Mesonierlc elTec t, VI. 4005 
Mesomerism, VI. 25 1 r/, 257«, 
lOOn 

Meaoporphyrin, III. S3« ; VI. 
1025 

— , syiilhesiM, 1 1 . 20^/ 

" Mesotan.” IV. 3335 
Mesoxalylcarbamide, 1. 243(/ 
Metaboric acid, 11. ild 

foriuiitinn, J 1 . 1 7« 

Metabutaldehyde, 11. 157 a 
Metachloral, 111. 355 
Metacinnabarite, 111. 180a 
Metacristobalite, 111. 428c 
" Meta ” fuel, 1. 205 
Motafulminunc arid, V. 385d 
Metahewettite, VI. 22 Id 
Metal arKenluni, 1. 445f/ 

— eliloride.s, jcmIucI inn, II. 300c 

— eleaniiiK by trirhloroetliy- 

letj(>, 102c 

Metaldehyde, I. 215, 20a 
Metal-hydrogen nlloyrs, V’ [ 
31 !V 


Metals, ih't n,, .see also Assa> in^-. 
— , — , colorirnoirie, Ji. 0005 
- , — , elertrodepn.sition, II. 
0!)5e 

gravimetric, 11. 583e 
, x^otontiometrie, 11. 702d 
speetifiseopie, II. 0905 
— , volunietnc, II. 0505 
, drop react ions, II. 579c 
— , micro-del n., [I. 0335 
Metal-spraying, oxy -acety- 
lene, 1. llOd 

Metals, qualitative reactions, 
11. 55Ia, 5G5d 

— , — — , rare metals present. 

II. 554a, 550d 
“ Metarsenobillon,” 1. 492a 
Metasomatic change. III. 307« 
Metastable equilibrium, III. 
447a 

Meteorites, III. ^IGd 
Methaamoglobin, VI. 1045, 
1075 

Metballyl chloride fumigation, 
V. 397a 

Methane, chlorination, 11. 
353a. d 

— , chlorotribromo-, II. 320d 
, detn., in air, II. 684a 

- , dichlorodibromo-, II. 320d 
— , dichiorodinitro-, I. lOOd 

difluorodibromo-, IT. 3216 

- ~ , di-iodofluoro-, II. 323c 
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Methane from carbon ditixide, 
II. 3251/ 

carbon monoxide, TI. 349c 

phenol, II. 300d 

iododiltuoi'o-, II. 323r 
nitro-, prepn., 11. 3736 
-.reaction with steam, II. 
4256 

t otrabromo-p It. 3206 
ietmchlorti-, II. 353a 
", tetraiodo-, II. 321c 
-, totranitro-, from acel-vleiie, 
1. S4a 

, Iribroino-, II. 1186 
, Iribroiriofluoro-, 11. .3216 
, tncldoro-, 111. 776 

- , triehloronitn*-, IJI. 856 
Methanol, ace also Methyl 

alcohol. 

- , del II., II. 0816 
Methen^ of pheiiylglycol, 1, 

37a 

Methine bases, II. ISla, 5 
Methionine, III. 51()a 
Methone, 1\'. 5a 
Methoxy-butaldehyde, 1. 37a 
Methoxycatechol, rnoiu)-, VI. 
1396 

Methoxychelidonine, 1 1 . 52 7i/ 
Methoxyl group, (hdii., J 1. 02 Id 
6-Methoxylepidine, ill. I78c 
Methoxy - 5 - methylfurfura! 

from imd in, 1 1 . 3036 
Methylacetal, I. 31c 
N-Methylacetanilide, I\’. 
llOd 

Methyl acetate, I. 51a ; II. 
4186 

Methylacetoacetic acid, elliyl 

est er, 1 . 01 6 

‘ ‘ Methyl aeelone,” II. 47 Ic 

, .specilhvilion, 11. 4726 

Methylacridan - acridinium 
melhochloride, I. J30d 
Methylacridinechloral, 1. 
127d 

lO-Methylacridinium. 2.8-<li- 
mino-, antiai'piles, 1. 133d 
N-Methylacridone, 1. 1276 
Methylai, I. 34a 
Methyl alcohol, acelu; acid 
from, IT, 350c 

- , carbon 1«-tiacldoride 
from, II, 351c 

" frmn carbon monoxide, 
U. 350a 

- in ethyl alcohol, detec- 
tion, 1. 184fi; V. 3025 

, — - dim coating, IJ. 1495 
oxidation, II. 427c 

- product loii, II. 310d, 
425c, 429c 

- , read ion with earlion 
monoxide, II. 350c 

- — , spccilical ion, 11. 4725 
— , synthetic {are also 
Eisclinr-l’ropseh .synt hesiH ), 
II. 425c ; VI. 334a 
Methylallene, J. 24 Or 
1 -Methylammo-4- o-sulpho- 
a, - tolyl - aminoantbra- 
quinone, I. 200d 
Methylaniline, 1. 3085 
“ Metnylanol” VJ. 22rta 
2-Methylanthraqumone, I. 
2086, 4026 

4 - Methylanthraquinone , 1 - 

(Jhloro-, I. 402c 

Methylanthraqiilnone, di- 
hydroxy-, ill. llGc 


2 -] 


one, 1:5- 


tri- 


Methylajitbraquim 
ilirntro-, J. 391rt 
l;8-diiutro-, I. 39 la 
— , 1 -nitro-, 1. 391a 
Methylanthraquinone, 
hydroxy-, ill. 11 Or 
4-Methylapigemn, 1. 126 
Methylapoquinidine , HI. 

171rt 

Methylated spirit, 1. 182d 
- Industrial (Pyridinised), 

I. 1836: III. .557c 
mineral isfxl, 1. 1 836 
jiowcr, 1. 183a, 6 

Methylation, exhaustive, 1., 
31 Id 

Methyl bromide fire cxlin- 
guisln'r, V. 209d 

— -- funiigat ion, V. 397a 
8-Methylcapronic acid, VI. 

205c 

MethylcEU'binol, acetyl-, in 
bill ter 30(Jc 

N-Methyl I’.'irnosinc in muscle, 
Jl. 392a 

Methyl cell* )solve ill lacquers, 

II. l7Sd 

Methylcellulose in calico 
pi ml mg, 1 V. 180c 
Methyl chloride formal ion, II. 
35 la 

chloroformate, dichloro-, III. 
115 

, nionoeldoro-, prepn.. 111. 

1 7a 

, prepn., HI. 11 d 
, trichloro-, in warfare, 

III. 105 

, - , ])i“(spn., 111. 175 
2 - Methyl - 4 - chloro - 5 - 
isopropyl phenol, II. 404c 
Methyl chlorosulphonate in 
dicmical warfare, 111. 10c 
, i»r(‘]>ri., III. 17a 
Methylcholanthrene from 
cholic acid, 1 1 . 3S0a 
Methylcinchonine, HI. 142d 
Methylcinnamaldehyde in 
cassia oil, 11. 41 Hr/ 

Methyl cinna,rnatc, HI. ISI/’ 

N - Methyl - d - coniine, HI. 
3255 

— -/-coniine. 111. 3255 
Methylcytislne, 11. 4395 
Methyl grouj), delii., II. 0256 
Methyldiazo-oxide, pot as 

si uni, in. 0006 

Methyldibromoarsine, prepn. , 
HI. 17a 

Methyldichloroar sine, prepn 
ril. 17a 

Methylecgonine, benxoyl-, HI. 

— , cinnainoyl-, III, 222d 
— , a-1 fuxilloyl-, HI. 222d 

— , ^-tnixilloyl-, HI. 222d 
Methylenea^ine, I. 3086 
Methylenecamphor, by d roxy-, 

IJ. 2436 

Methylene chloride formation, 
11. 354a 

— citric acid, 111. 1866 

— diaeetale, I. 37d 

3:3' - Methylenedicarbazole. 

TI. 2796 

Methyl ether, dichloro-, HI. 116 
Methylethylacetoacetic acid, 
ethyl ester, T. 64/^ 
Metlmrlethylacetonitrile, 11, 

I* 3a 



INDEX 


584 


Meth^lethylbeiwene, III. 

as-Methylethylethylene, I. 

304e^ 

Metbyl ethyl ketone, I. 71a 

, bromo", in warfare, 

III. 10c 

in film manufacture, 

II. 448c 

, Bpecification, II. 4726 

kotoxime, IT. 1 766 

Methylethyl maleinirnide, 1. 
0016 ; III. 836 

Methyl-eug^enol in citronella 
oil, UJ.1016 
Methylformal, II. 34a 
Methyl fomiato in photo- 
graphic dopoa, II. 448c 
Metbylfurfur^, hydroxy-, in 
caramel, II. 277a 
— , — , tost for, VI. 2056 
Methylglucosides, oc- and j9-, 


71. 82c 

Meth^lglycocyamidine, 111. 

Methylg^anidine, VI. M0a 

'"[loacetic «rid, 


Methylfl^anidino 
III 415a 


l-Methyl^uanine, VI. 1526 
“ Methulhexalin.:' VI. 22fia 
Methylcpc/ohexanol, VI. 220a 
Methylcyc/ohexanone in lac- 
quers, II. 472a 

Methylct/c/ohexyl aceleto in 
lacquers, 11. 472a 
Methyl hexyl ketone, II. 422a 
Methylhydantoins, 3- end 5-, 
Vl. 201a 

Methylhydrastimide liydro- 
chloride, T. 304c 
5-Methyliixiinazole, VI. 2.35^ 
S-Methylindole, VI. 4036 
Methyl ketoplnate, reduction 
TI. 2406 

Methylnaphthyl kolotie, 1. 65ff 
Methyloses, IT. 287o 
Methylo-su^ars, IT. 201c 
Methyl is o-oxazolone, 1. 03d 
y-Methyl-J^^-pentadiene, 1. 
306 

Methyl n/c/openlcnojdicnnn- 
threne from curdiac agly 
cones, 11. 3826 

clnobufaajii, II. 388rt 

Methylphenylhydrazine, I. 

203c ; VI. 301c 

Methylpropylacetic acid, II. 
271c 

Methylisopropylacetic acid, 
II. 271d 


acid, ethyl ester, I. 04rf 

p-Methylisopropylbenzene , 

III. 638c 

Methyl-n-propylcarbinol, I. 

8506 

Meth^lisopropylcarbinol, 1. 

Methylisopropylpropiomc 
acid, VI. 205c 
Methylpyridines, I. 84c * 

1 - Methylquinolixie, 2 - keto - 

l:2-dihydi‘Oxy-, III. 402c 
408a 

2 - Methylquinoline, 3 ■ 

hydroxy-, I. 05c 
Methyl salicylate, I, 6926 ; II 
308d « I 

Methylsalicylio acid, Vf 53a . 


Methyletibine dihalides, I. 
434d 

Methyleulphonic acid, mono- 
iodo-, sodium salt, 1. 4c ' 
a-Methylvaleric acid, II. 271c 
y-Methylvaleric acid, II. 2716 
Methyl vinyl ketone, I. 88c, 036 

— Violet in stability test for 

explosives, IV. 534a 
Metmyoelohin, VI. 160d 
Metramine” 1. 320a 
Mette^ang method, JV. 550r 
" I. 2536 

Mianin, 1. 140a 
Micas, 1.201 c; 11.137c 
Micelle, III. 284a 

— of cellulose, II. 4576 
Michael condensation, II. 307c 
with boron trifluoride 

catalyst, VI. 260a 
Micranthine, 111. 547r 
Microanalysis, detn. of O, II 
and N, II. 630c 

— , Cl, Br, I and S, II. 

632a 

— , quantitative, Jl. 6206 
Microbalance, McBain, HI. 
0056, foot-note 

Microbalances, J. 0O7r ; 11. 
020d 

Microcosmic salt beads, II. 
.5486 

Micro gas analysis, JI. 08Od 

Kjcklahl iiitj'Ogen dein., II. 

031c . 

Micronite, V. 351c 
Microspectroscope, Zeiss, VI. 
1056 


Moissanite, II. 28(>c ^ 

Mol concentration, III. Id ; 

IV. 37d, foot-note 
Molecular depression of freez- 
ing point, III. 441o 
weight detn., micro-method, 

II. 6346 

Mol fraction, IV. 37d, foot-note 
Molisch test for chlorophyll, 

III. 84d 

Mol (molal) percentage, II L 
2a ; IV. 37d, footnote 
MolybdsBxia, II. 314a 
Molybdenum carbide, II. 281a 

— carbonyl, II. 357o 
-chromium alloy, III. 104d 
detn. assay, I. 5286 

— , colorimetric, II. 672a 
— , eloctrodeposition, 11. 

701d 

— , gravimetric, II. 0056 

— in steel, I, 52Sb 

— , volumetric, II. 063a 

— witli cupron, ul. 606d 
oxide cracking cbtalyst, II, 

4206 \ 

— pontachloride as chlorine 

carrier, II. 3536 \ 
production, II. 51la 
qualitative reactions, II. 
5.54a, 566d, 575c \ 
trace effect on Azotohacier, 
1. 607d 

Monardsin, VI. 02a 
Monascoflavin, V. 50 
Monascorubin, V. 50 
Monazite, Jl. .508r, 5126; V. 
483a 


Micro-Zeisel method, II. 033d 

Middle components, IV, 105d 

Milch den, V. 72c 

Milfoil, I. llOd 

Milk, IV. 3016 

— , citric acid in, HI. 1IH)6 

— fat-, see Butter. 

— -tree, II. 110a 
Millepores, coral from, III. 300c 
Millet, II. 482c 
Millstones, I. 46 

Mineral and aerated waters, I. 
155c 

Minerals, co-ordination fi»riu- 
ul8R, IH. 330a 

Mineral waters, detn. of 
met-iillic irnpuritic-s in, 1. 
1,596 

" Minered X,” 1. 0016 
Minioluteic acid, V. 52d 
Minofer, I. 440a 
Minyak Nyatoh, H. 32c 
Miotine, II. 200d 
“ Mischmetal,” 11. 5106 
Miso, V. 50c 
Mispickel, 1. 469a 
Mists, particle size, IV. 056 
Mitscherlich pulp, II. 461d 
Mixed acid for nitroglycerin, 

IV. 492d 

M .N .T . (mononitrotoluene ) , 

explosive, IV. 4666 
Mocha-stone, I. 164a 
Mochyl alcohol, 1. 0t»2d 
Moddite, IV. 5106 
Moebius process, VI. 108a 
MoSllon and moellon d^gras 
III. 5616, 651d, foot-note 
Mohair, IV. 124c 
Mohawkite, IV. 55c 
Mohri, I. 123a 
Mohua butter, I. 653a 


Mond power gas, V. 376a 

— producer, V. 3706 
Monel metal, 1. 278a , 
Monish suction machine for 

glassware, V. r)87r. 

Monite, HI. 294a 
Monkey-nuts, nee Ground nut 
Monobel, IV. 553c 
Monogermane, V. 52 Id 
Monotropin, V. 503c 
— , primeveroso in, II. 3006 
Monotropitin, VI. 02a 
Monotropitoside, VI. 92a 
" Montanin ” disinfectant, IV. 
23a 

Montan wax in candles, II. 
204c 

Mont Cenis process, I. 3376 

Montebrasite, 1. 303d 
Montmorillonite, III. 190a ; 

V. 381d 

Moonstone, V. 3a 
Moore tube in bleaching 
powder production, III. 
02a 

Moor-stone, III. 32c 
Mordant, iron acetate, II. 53d 
Mordants, IV. I29d 
— , cerium in, II. .5116 
— , chromium in, III. lOOd 
— , detection in dyeings, IV. 
173a 

— for cotton, IV. 132a 

— , Turkey-red oils in, II. 421d 
Morgan gas machine, V. 370d 
371d 

Morganite, I. 684c, 6656 
Morm, I. 467d 
Morinda spp. VI. 92a 
Morlndin, VI. 92a 
Moringa «pp., I. 663o 
Morale, I. 449d 



Morphine, diacetyl-, hydro- 
chloride, I. 65d ; VI. iJ05rf 
Morphium, I. 233c 
Morrhulc acid, III. 250c 
Mortar test, IV. 5486 
Mosaic gold, 1. 549d 
Mother-ol-pearl, 1. 457a 
Moti, 11. 4fl6rt 

Motor fiic‘1 (see also Anti- 
knock entries ; Ben zone ; 
Exi)loaionH, gaseoua ; Fuel ; 
InhlbitK^rs, gum), II. I61a 

— fuels from hydrogenation of 

coal, VI. 333d 
Mottraznite, 111. 5006 
Mou-Uou, III. 336 
“ Mould creams,” IV. 303d 
Mould femienUdion in food 
prejin., V. 506 

— growth on arsenical paper, 

p<)i.soning due t^, 1. 483c 
Moulding of candles, JI. 205r 
Mould products of unknown 
constitution, V. 5(1 
Moulds, chlorine iMmipouruls 
from, V. 586 

— , fills and lipins from, V. 576 

— , nitrogen compounds from, 

V. 58d 

jiolysaccliai-iilcs from, V. 
576 

Mould spp., citric lonnonla- 
tions with, V. 406 

— oxalic femieidiil ions 
uilh, V. 406 

Mould starch,” V. 57d 
” Mountain-cork,” T. 400r/ 

” Mountain-leather,” 1. 400d 
” Mountain- wood,” J. dOOd 
Movement, Brownian, ITT, 
280c 

Movrin or mowrin, 1. 05 la 
Mowha huder, T. (i53a 
" Mowilith H ” find “A,” 1. 00c 
Mowrah butter, 1. tl53a 

— flowers, I. 6556 
Mowrin, 1. 05 la 
Mucic acid, If. 298« 

Mucins, VI. 21c, 20a 

Mucor mucedo on bread, II. 816 
- spp. in fermentations, see 
. Fermentations, mould. 
Muller's solution, 1. 0106 
Mule spinning, V. 150c 
Mullite, III. 107a 
Multiflorin, Hi. 55(Jc 
Multiple effect evaporation, 
IV. 406d 

Multiply fabrics, V. 1006 
Munjistin, V. 4106 
Muntenite, T. 302d 
Muramontite, 11. 5126 
Murexan, T. 028c 
Murexide, I. 2496 ; II. 1076 
Muriatic acid, HI. 096 
Murlins, I. 1006 
Muromontite, IT. 512a 
Murumux*u fat, JH. 886, 24 -I a 
Muscarine, III. 03d 
Muscone, IV. 417a 
Muscovite, IV. 279d 
Musk, IT. 182a 
— , artificial, II. 174c 

— Baur, II. r74c 

— , cabardine, II. 182a 
-- mallow, I. 304a 
Muspratt process. III. 67a 
Mustard gas, sec Diethyl sul- 
phide, /9j9-dichloro-. 

-- seed, oil of black, II. 2d 


INDEX 

Mutarotation of glucose, VI. 
250a 

Mtttase, V. 4296 
Mycoderma etcefi. III. 231 d 
Mycodextran, V. 57d 
Mycogalactan, V. 58a 
Mycophenollc acid, V. 53c 
Mylahris spjy.^ II. 2706 
“ Myochrysin," VI. 1196 
Myoctonine, I. 123d 
Myoglobin, VI. lOOd 

— as oxygen carrier, VI. 107c 
— , kinetics of oxygenation, VI. 

107rt 

Myokynine, 1. 0876 
** Myosatvarsan,*' 1. 192a 
Myosin in maize, TI. 48 Id 
Myrbane oil, 1. 0706 
Myrcene in hop oil, 11. 02a 
/3-Myrcene, IT. 1 53c 
Myricitrin, VT. 926 
Myricyl alcohol in rico, 11. 4i>3d 

— compounds in candelilla 

wax, H. 202a 
Myristic acid, 1. 100c 

in rice, H. 4946 

Myristica hi Is biun, IV. 3ff 
Myristin in Cid rAy lal, 11. 
430c 

Myrobalans, IV. 270d 
Myrosin, jV. 31 16 
Myrticolorin, 1 30 In,; VI. 

926 

MyrtiUin, VI. 926 
Myxoxanthin, 11. lOOd 
Myxoxanthophyll, H. 49la 


N 

Naadsteenen, HI. 573c 
Nacrite. HI. 100<f. 

Nagyagite, VI. I(i2a 
Nau-head spar, IJ. 203r 
Namara potato, 1. 197a 
Nandinine, IV. 55a 
Nankin, I. 1336 
” Naphtazole” IV. 231a 
” Naphtazois,*’ IV. 133a, 131a 
Naphthacene, ill. IMlr 
Naphthacridines, 1. 120d 
Naphthacridone, 1. 1306 
Naphthacyanole, 111. 510c 
Naphtha in lacquers, 11. 172a 
” Naphthalase,” I. 507d 
Naphthalene, antiseptic, JV. 
30c 

bisdiazonium s.-i1fH, III. 582a 

— , carcinogenic compounds 
from, 11. 378c 

— , coal tar, HI. 209a, 212c - 
0 (- and /1-Naphthalene derivs., 
see 1- and 2-Naphthalene. 
Naphthalene - 1 - diazoniuzn- 
5-Bu1phonate, III. 592d 

— -l;8-diearhoxylic acid, 1. 13a 
-- dill ydr<)xv-, ace Naphtha, leiie- 

diol. 

— , dinitro-, for cxxdosives, IV. 
474d 

2:3-Naphthalenediol, anti- 
septic. IV. 30tt 

2;7-Naphthalenediol, 1-nitro- 
HO-, IV. 10a 

Naphthalene - 3:6 - disul - 
phonic acid, 1:7 -dihydr- 
oxy-, I. lo 

, l:8-dihydroxy-. III. 

116d 

— from phenol, II, 306d 
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Naphthalene, hydrogenation, 
VI. 352o 

— in petroleum, I. 466d 

— , 1 -methyl-7-iaopropyl-, IV. 
892r 

— , raonoiiitro-, for explosives, 

IV. 474c 

— , oxidation, II. 428a ; VI. 
445a 

— , 2-iNopropyl-, IV. 393c 

— recovery frtjm coal- and 

coko-oven-gos, III. 2056 ; 

V. 404a 

Naphthalenes, nitro-, IV. 474r 
Naphthalene, tetranitit)-, for 
explosives, IV. 4756 
— , trinitix)-, for explosives, IV. 
475a 

Naphthalic acid, 1. 13a 
” Naphtkanil,'* l\^ 231a 
Naphthaphenazine, 1. r>65d, 
507a 

Naphthaquinone, 2-hydroxy- 
and 5-hydroxy-, m hair 
dyes, VI. 1716 
detn., VI. 1716 
Naphthastyril, I. 420a 
Naphthenes, formation, II. 
173a 

— in petroleum, III. 5376 
Naphthindone BB, I. .570c 
Naphthite, IV. 475tt 
2-Naphthol, antiseptic, IV. 

296 

Naphthol AS, see ^^Naphtol 
AS.” 

8-Naphthol-3 :6-dlsulphonic 

acid, 1 -ncetamino-, I. 119d 
2-Naphthol-3 :6-diB\ilphoxiic 
field, 1 -amino-, sodium salt, 
l,V. 7c 

— in butU'r, test for, H. 107d 
■— ■— candles, II. 204 c 

— , reaction with Millon’s re- 

agent , 1 1. 307c ** 

Naphthols, I- and 2-, hydro- 
genation, VI. 3546 
2-Naphthol-8-sulphonic acid 
1.058c; 111.428c 
N aphthophenanthridine , al- 
kaloids, II. 5296 

1 -N aphthylamine-4 ; 6-di8ul- 

phonic acid, III. 5456 

4:7-fiiHuIxjhoiiic acid, 111. 

5456 

2 - Naphthylaznine - 5 - sul - 

phonic acid, HI. 5456 
2 - Naphthylaznine - 6 - sul - 
phoziic acid. H. 11 8d 
2 - Naphthylaznine - 8 - sul - 
phoziic acid, I. la, 585d 
2 - Naphthyl benzoate, in 
candles, II. 204c ^ 

— fwobutyl ether, II. 100c 
Naphthylene - 1:8 - diazo - 

imine, HI. 5936 

cliazoimiiieK, 1:2- and 2:3-, 

HI. 5936 

2-Naphtliyl ethyl ether, 11. 
1006 

2 - Naphthylhydrazine, I. 

1976 ; VI. 301d 

1 -Naphthyl aalicylate, 1. 262d 
“ NaphtolAS” IV. I33a, I34a, 
227c 

Napoleonlte, IV. 86 
(f/-Narootine, VI. lOOd 

— mothiodide dihydrate, VI. 

4 iA)<i 

NJrc^en, I. 7U6, Mid 



586 


INDEX 


Naringerin, Vr. 130a 
Narin^, VI. 925, 130a 
Nastunium officinnlcy VI. 80a 
Nasumn, 111. 55ic 
Nataloin, I. 262rj 
Natramblygonite, I. 303ri 
Natroaluoite, 1. 298a 
Naturgiftstoft, III. mr. 
Naturfab, IV. 31 5^ 

“ Nautisan,” 1. 70d 
Neat’s foot oil, IT. 28d, foot- 
note ; VI. 280rf 
Neb-neb, 1. Hr, 585a 
Nectandra puchury mnjor^ ino- 
eufirenol from, IV. 397^ 
Neem bark, I. 561a ; V. 51 Oa 
Negpetein, HI. .55 1r 
“ Nekals:' IV. 2865 
Nelson Bohr>nliip.,’' I. 277r 
Nelson electrolytic cell. III. 
54c 

Nemalite, IT. 1105 
" Nembutal,^* («cc also Barbi- 
turic acid), TI. 3085, 02.3o 
" Neoantimosan," I. 430a 
“ Neoarsphenamine” 1. 402a 
Neocyeoiine, HI. 524 r 
Neodymium, H. 511c 
Neoerbium, IV. 3215 
“ Neokharsiuan,” I. 402a 
“ Neomerpins” IV. 2865 
Neonal” I. 623a 
Neonite, IV. 5105 
Neopelline, I. 122c 
“ Neosalvarsan,” I. 4805, 402a 
** Neostam” I. 430c 
Neosterol, IV. 325c 
“ Neostibosan," I. 436c 
** Neothesin,'* I. 300rt 
Neou oil, IV. 86d 
Nepheline, 1. 4505, fl52a 

Syenite, J. 4505 ; IT. 120c 

Nephelite, I. 264d 
Nephrops norvegicus, I. 532c 
Nepouite, V. 430a 
Neral, III. 183d 
Neriilolin, H. 3H()c 
Nerol, II. 2615 ; V. 517c, ,518a 
Nerolidol, 1. 603c 
“ Nerolin Bromelia ” .Tiid 
** Nerolm Yara Yara,” V. 
328c 

Nerolin JJ:’ H. 1065 
“ Nervocidine” IV. 33()a 
Nervon, II. 506c ; VI. 92c 
Nessler’s reagent, H. 572c 
Neuberg ester, V. 22a 
Neurine, 111. 04a 
Neurodin, 1. 735 
“ Neutralisations,” VI. 248c 
“ New Fortex” IV. 4875 
Ngai-oamphor, Tl. SOd 
N'gart oil, IV. 86c 
Niocolite, I. 460a 
Nickel, action on motliane, 
IT. 34 Od 

— , and .steam, H. 4255 

— arsenide, HI. 34d 

— as trace element, I. 510a 

— carbide, 11. 281c 

— carbonyl, H. 351a, ,357a ^ 

— - -chromium alloy, III. 1045 

complexes with catechol, 
II. 431a 

— , detn. assay, I. 528c 
— , — , colorimetric, II. 6725 
— , — , electrodeposition method , 
II. 701d e 

— , — , gravimetric, II. 6I2c ; 
' V. 402c I 


Nickel, detn., volumetric, 1 1. 
6035 

— drop reacti()n, II. 581o 
electrodeposition, IV. 265c 

- glance, I. 460a 

- in oxidation of sulphur com- 

pounds, II. 425a 
-phosphide, formalion, II. 
357d 

— , qualitative reactions, II. 
553a, 578a 

— , , rare metals iircseiit, 

H. 55.5d, 556d 

- silver, H. 10.5d 

--- .sulpha rsenide, V. 529c 

uraiiyl acetate t-est for 
Kodiiiin, II. 551c 
Nicol’s prism, suhstitiilc, H. 
413a 

Nicotine, antiseplJc, IV^. 315 
Nigella ftpp., HI. 545d 
Nigrosine, I. 5095, 579c ; VI. 
467d 

Nikeline, I. 169a 
Ninbydrin, J. 3215 ; VI. 307c, 
30Ha 

Niobates, qinvlitativo react ions, 
H. 55.5d, 556d, 573d 
Niobic acid. HI. 312a 
Niobite, HI. 309c, 3105 
Niobium (columbiiim). 111. 

nood 

— and tantalum, separation, 

H. 602a 

— arst‘nide, HI. 3135 

- byride, HI. 3135 

— bromide, chloro-. III. 3l2d 
-carliide, Jl. 2l8d; HI. 3135 

— - chloride, cliloro-, 111. 312d 

, detn., gravimetric, H. 002a 
dioxide, HI. 312a 

— hydroxicle, ebloro-, HI. 31 2r/ 
monoxide. III. 31 Id 

- nitride, HI. 313a 

— oxybromide, HI. 313a 
--- oxychloride, HI. 313a 

oxyfluoritle, 111. 3l2c 
oxysulphide, HI. 3l3c 
peiilabromide, IH. 313a 

- pentaeJiloride, HI. 312c 
penl-alliioride, IH. 312c 
pentoxide, HI. 312a 
phosphide, HI. 31.35 

— , prepn. from its oxide, II. 
511a 

, qualitative reactions, 11. 
5.5.5d, 5585, 573d 

- sesquioxide, IH. 312a 

- sulphide, HI. 3135 

— trichloride, ITT. 31 2r 
“ Nipagin” VI. 3465 
Niquidine, III. I49d, 171a 
Niqime, HI. 149d, 170a 
i5oNiquine, IH. 1765 

“ Nirvanine” I. 3695 
Nisinic acid, HI. 2475 
Nitramide, catelyt-ic decom- 
position, VI. 249c, 2555 
Nitrate, detn., colorimetric, II. 
673c 

— , — , gravimetric, IT. 598c ; 
V. 327d 

— , Schlosinggasometric, II. 
688d 

— , — , volumetric, II. 064o ; 
IV. 5155 

— of soda fertiliser, V. 655 
Nitrates and nitrites, detn., IT. 

687d, 6S8d ; TV. 515a ; V. 
2905; VI. 1506 


Nitrates, detection and detn., 
V. 327d 

— , drop reaction, H. 582o 
— , (iualitative reactions, II. 
572c 

Nitrator-separator for nitro- 
glycerin, IV. 494c 
Nitric acid, catalytic produc- 
tion, H. 4245 

, detn., see Nitrates. 

for nitroglycerin, IV. 492c 

— - , solvent in analysis, 11. 
.5495 

, u.se in flour analysis, 11 

83a 

— CiSler explosiv'cs, IV. 489c 

— ether, IV. 364d 

- oxide, detn., H. 6845 
Nitriles, 11. 37 Id, 3775 
— , hydrolysis, H. 362d 

— , unsal.uratqd, preiiaration, 

H. 3055 I 

isoNitriles, I. 309a I 
Nitrite, deln. (sec a^Nol Nitrate, 
del 11 .). \ 

' "“i polentiometric method, 

H. 707d \ 

— , — , volumetric, H. 6S4r 
Nitrites, qualitativi- rcficl ions, 
H. 572d A 

Nitro-amino exiilosive.'^ IV. 
485a 

Nitrocellulose, analysis by 
nitrometer, 11. 687d ; IV. 
515a 

— dop(;.s {spf also Celluloid ; 

(’elIuIo.se lacquers ; Cellu- 
lose jilastics ; Fibres, arti- 
ficial, or rayon), H. 1645 

- ex]»l()siv(‘s, TV. 501-535 

, g(‘lal jriisalion, 11. 252c, 259d 
history, l\. 501c ; V. Il4d 

— in celluloid, II. 1435 

-- photographic films, II. 
4 17a 

lacquers, H. 407d 
-- -nitroglycerin powders, IV. 
510a 

- pla.stics, 11. 4715 
powders, IV. 517c, 524 d 

, cutting and pres.sing pro- 
cess, IV. 525d 
— , drying, IV. 5265 

, progressive burning, IV. 

527a 

— , solvents for gelatinising, 
IV. 523c 

, trea tment of deteriorated, 

IV. 5270 

— , production, II. 443c, 447a, 

463d ; IV. 502c 

— silk, see Hay on, 

, .soluble, sec Collodion cotton. 
_^stebiliseiy, IV. 520o 

- stability t ests, see Stability 

teste. 

theorv of nitration, IV. 
502d 

Nitrochalk, T. 352d ; V. 05c 
Nitro - compounds, detn., 
with titanium chloride, 11. 
6270, 708a 

Nitrocotton, see Nitrocelluose. 
Nitro-explosives, classe.s, IV. 
465a, 475c, 484c, 485o, 

489d, 501c, 517c 
— , stability tests, see Stability 
testes. 

Nitroform from acetylene, 1. 
84a 
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Nitrogen, dctn. by livdrogciui- 
tion, VI. 3tt2rf 
— » — , gasometrif, II. 6SU; 

- I — in Ca cyariamulo, V, Sir 

~ 1 carbon coinpouiuls, 

II. 017ti, 6316 

-» feeding si lifts, IV. bill d 

" - » fertilisers, J J , ft 1 ftft ; 

V. 83d 

- , - — bydi'ogenatioii analy- 

sis, VI. 

- . iiilrat<?s, II. lift la ; V. 

84d 

— , Kjeldalil’.s nielhnd, 11. 
6166; IV. 002a; V. S16 
, - micro-Duinus njetliod, 
II. 6.316 

- , - “ -Kjeldahl nielliod, 11. 
631 r 

dioxide, dehi., IT. ftSlr 

- -Free extract, IV. .jOOd 

, luinineHcenL, 111. 23<' 
pcntoxide, decoiii position, 

Ji, .i:nr 

penixide in (lour bleacJiiiig, 

II. S16 

, eviction iMth calciuTu 
pJiosi)Iuit(‘, 11, 2236 
- , - - liinu, II. 222d 

-production and purilicalion. 

I. 

- t riclilorido in Hour blivicliing, 

IJ. Sla 

Nitroglycerin («rr aiso lllast- 
ing gelatine; J ) ynamil (*), 
IV. lOlf, Iftfid 

, ( ojil inumis inaiinfact m e, J V. 
4066 

. detection, IV. iOOc 
, (Ictri., IV. r»:{2d 
, elli’ct (jf cooling (jc Jiealitig. 
IN'. -1 07a, r 

' , c\plosi\e pntperl U's, IV, 
4!)Sr 

maniir.u tnt’e, TV. lOld 

recovery of acids, IV. 
lOod 

, trealinent of waste wash 
ivaler, IV. 4031! 

, plivsiological etTecls, IV. 
4086 

, ])ro])ertics, IV. 406d 
, reeovery, from wast e M,eids, 
TV. 40,3d 

, soliibilitv, IV. 407d 
, stabdily’, IV. 4076 
, testing, IV. 40t)d 
— . volatility, IV. 406d 
Nitroglycol, IV. 48!)d 
Nitro-groups, detn., Tl. 627a 
“ Nitrolim,'* 11. 21 Or ; V. 6r)d 
Nitrolit, IV. 4 84 a 
Nitromanmtol, IV. 3(iod 
Nitrometer. 1. 382r 
-, laaige's, 11. 6H7d 
“ Nitron,” \'J. 130a 
Nitroprusside, sodimn. III. 
477a 

Nitroprussides, qualitat ive re- 
actions, IT. .360r 
“ Nitrosamines ” for dia/.n 
coupling, IV. 23 Ir 
Nitro-silk (see also Nitrocellii- 
loao), II. 4646 ; V. 114d 
Nitrosocarbonyls, II. 3586 
Nitroso R-salt, reagent for 
cobalt, II. r).52d 
Nitrostarch, TV. 516d 
Nitro-sulphur compounds as 
explosives, IV. 484c 


Nitrous fumes, analysis, IJ. 
6846 

— oxide, detn., 11. 684r 
Niirum stnri lad is, II. 200a 
Njatua Ullow, II. 32r 
Nobelit, IV. ,5o6a 
Nobel’s blasting oil, IN'. 10 Id 
“ Noctal/' 1. 623rt 
Nodakenin, VI. {)2r 
Nogueira de Iguape, 11. 262r 
Nohlite, II. ;312r 
Nomograms, 111. 3r, .5a 
n-Nonacosane, occum'iice, II. 

1 I Or, 183a 

15 - Nonacosanol, 13 - non - 
Hcosanune, occunviice, II. 
110c 

Non-metals, drop reactions, 

II. 38 Id 

Nontronite, T. (5636 ; III. lt)6a 
Nopal, Kojmlca cord uril iff rn^ 

III. 226r 

Nopaleries, 111. 226r 
Norbixiii froin Ivcopem-, II. 
JO 16 

Norcamphor, inetln lal ion of, 
11. 2t(t6 

Norcantharidin, II. 27tid 
Norcaryophyllenic .oid, II. 

4006 

Norcassaidine, 1 W 336a 
Norconessine, 111. 323^ 
Norrsoephedrine, II. WWh 
8-Nori5oephedrine (cat Iuik*), 
1. 1 16 

x-Norecjuilenin, VI. 271r' 
Noreupittone, W. 401 < 
Norharman, V’l. lS6a 
Nor-m-bemipinic acid, Jl. 
23Hff 

” Nortt,” 1. iri3a ; II. 3H)d 
Norite, III. 327r 
Norsabite, 1\'. 

“ Norwegian gabbro,” V. lO'.^a 
” Nosophen," 1. Il8d 
Noumeite, V. 420d 
Noumgou fat, 1. 6r),5a 
Novaine, 11. 301a 
” Novarsenobenzene," I. 102a 
” Novarsenobillon,” 1. 11»2a 
Novit, JV. 48t»c 
” Novocaine," J. 16, 36tia ; II . :M6 
Nucite, VI. 1!t3a 
Nuclease, IV. 3116 
Nucleation in supersaturated 
KolntioTis, 111. 416d 
Nucleic acid, oryza-, 11. lOSbi 
-acids, VI.. 02f 

Nuclei 111 condensalion of 
vapours, IN’. 07r, !IH6 
Nuclein in rice, 11. 400a 
Nucleotides, Jl. 2876 
NulUpores, coral from. 111. 360c 
” Numal,” 1. 62.3a 
•' Nupercaine," 1. 360c 
” Nupynn” T. 31 7d 
Nut butters, 11. 168d 
Nutmeg bill ter, II. ]68d 
Nut oil. 111. 33a 
Nutritive ratio, IV. 6016 
Nuts, oil, aoura. 111. 23H6 
babassu. 111. 213d 
, , burity, 111. 2386 

-, cohuiie, III. 243d 
- , - gru-gru. III. 2386 
— , — inaja, III. 2386 
, , jauary. III. 2386 

■ , kokente, III. 2386 
- , , mocaya. III. 2386 

— , -, murity, III. 2386 


Nuts, oil, murutniiru. Til. 244ri 
palm-kernel, III. 243a 

- , — , Paraguay, III. 2386 

- , — , piririina. 111. 2386 

- tiicuin. 111. 2386 
Nyctanthin, 11. 430d 
Nylon, IV, 125d, 126a; V. 

1126, 1136, 126a 


O 

O-Acid, VJ. 132d 
Oak-apples, V. 1266 
Oakley (piarrv powder, JV’. 
1876 

Oats, 11. 1806 
Obermuller lest, IV. 317d 
Obhtine, IJ. 3016 
Oc^mene, M. 153d 
Ochroite, II. 3126 
Ocimene. II. I33r 
Ocimum eugenol from, J. 

632c ; IV. 301 r 

J^^-Octadiene. 11. I36d 
Octaothylene glycol, J\'. 3706 
Octahedrite, I. 370a 
Octahydroeugenol, IV. 306c 
isoOctane aMatnui fuel, VI. 
3.33d 

cr/cFoOctatetraeno, III. 3336 
ae7;-Octatrien-y-ine, 1. 886 
Ociylacetoacetic acid. etli\l 
ester, 1. 61c 

sec. -Octyl alcoliol, prejni., II. 
122a 

Octyl butyrate, oecurrcnce, 11. 
170f> 

Octylformal, 1 . 316 
sf c.-Oc‘tylhydrocupreine, 111. 

1 086 

Odonn, IJ. 20d 

(Elbitumen, V. 334 a s> 

CEnanthaldehyde in cogn.u: 

oil, Jl. 122rt 

(Enanthol, VI. 203a 
CEnanthylic acid, VI. 203« 
CEnin, III. 331c ; VI. 02r 
(Estradiol, VI. 260r/ 
a-CEstradiol, VI. 260c 
fl-CEstradiol, VI. 260c 
CEstriol, VI. 26Sc, 260a, a 
glycuronide, VJ. 2606 
(Estrogens, arliticial, VI. 272a 
colour reaclions, VJ. 260d 
- , origin, VJ. 27 Od 
synthesis, V^J. 271a 
(Estrone, VI. 2G8c, d 
— , projierties, VJ. 2606 
Oil, animal, 11. 20d 
“ Oil, atomised,” V. 370c 
Oil, boiled or kettle-boil^, I. 
266; IV. 01a 

Oilcakes, fertiliser, V. 666 
Oilcloth, American, V. 10,5a 
- manufacture, V. 103a 
"OtWog,” 1. llOd; 11. 3106; 
111. 288a 

Oiled silk, V. 105d 
Oil emulsions, edible, IV. 3036 
hydrosols, IV. 284a 
in feeding stuffs, IV. rj02d, 
cold 

point, V, 351d 

'process in idiot/Ograpliy, III. 
111a 

ntilptl. 203c 

- - raining, see Earths, active. 
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m ^ 

OUb, boiled) " bung-hole," II. 
266; IV. 91b 

— , decolorizing, IV. 247f, 240b 
— , desulphuriaation, II. 426b 
— , drying, IV. 81c 
— , — , non-drying and semi- 
dryiM, IV. 81d 

— , — , penned, for paints, IV. 
87c 

— , — , synthetic, I. 00b ; II. 

422b; IV. 81 d, 87b 
— , effect on concrele, 11. 118b 
— , hardened or hydrogenated 
(flee also Hydrogenation), 
II. 426d; VI. 177b 

— in casein paints, II. 415c 
OilBkins. V. I05d 

OUb, sulphurised (flce also 
Factis), IV. 00c, 500a 
Oilstones, I. 4c 
Oiticica oil, IV. 84a 
Okenite, I. 227c 
Olanln, Tl. 20d 
Oleandrlrenin, II. 386c 
Oleandrin, 11. 380b ; VI. 02c 
Oleandrose, II. 386c 
Oleanolic acid as agin rone in 
calendula saponin, li. 231b 
Oleates, metallic, parasUicidal, 

IV. 28c 

Olefiant gas (ethylene), T. 70c ; 
TV. 372b 

Olefin oxides, glycoJ eUior-s 
fnira, II. 443a 

Olefins, alkylation of car- 
bnzole with, II. 28()fr 

— from carbon inonoxale, II. 

350d 

shale oil, TT. 3b 

— , oxidation, IT. 373a 
— f poly-, II. 151c ; III. 533c 
Oleic acid. III. 247b 

, antiseptic action, JV. 28b 

glycericlo.s {sec also Drying 

^ oils; Olein), VI. 68b 

in bone fat, II. 20b 

isoOleic acid, detn., VI. 1 85b 

, formation, VI. J84c 

, in candles, 11. 264a 

Olein, enzymatic synthesis, 11. 
420c 

— in C&y Cay fat-, II. ISOc 
01. Ellwit, HI. 4 35b 
Oleum anethi, 1. 371c 

— animate empyreumaticum, II. 

29d 

— calcw, It. 213a 

— DippeUi, 11. 20d 

Oleyl alcohol in wool scouring 
baths, II. 10a 

Olibanum (see also Frankin- 
cense), II. 53c ; V. 328d 

OUKOclaee, V. Id 
Oli^dynamic action, IV. 24 d 
Oligosaccharidea, 11. 301 b 

— , optical rotation, II. 302b 
Olive, Caledon, R, I. 422r ; TI. 
119b 

— , Cibanone, B, I. 424a 

— oil in wool scouring baths, 

II. 10a 

OUvine. I. 500b ; ITT. llOd. 

— -basalt, I. 652a 
One^te, VI. 101a 

O’Neill glass-blowing machine, 

V. 683 

— auction macliino for glass- 

warcr V. 686 

Ononln, V. 259c ; VI.82(| 
Onyx, 1, 164a | 


Oaspora app./V. 57a 
Oosporin, V. 56 
Opacifters in candles, IT. 264c 
" Ophoriur IV. 464d 
Optochin, III. 166b, 1686 
Orange, Acid, IV. 2U5a 
— , Acridine, and Orange Acri- 
dine R, I. 131d, 132c 
Algol, J. 206a 

Alizarin, I. 20.5a, 2()6a, 228a 
— O, 1. 2286, 3«3a 
Cadmium, II. 194d 
Caledon Gold, 3G, I. 422c 
— , — . 4B, RRT, I. 419a 
— Chrome, III. 1126, 113a 
— , Cilwinone, R, 6R, I. 423c, 
417a 

“ Orange crystals," I. 05d 
Orange, Indanthrene, F311, 
iTrK and 6RTK, I. 418a, 
416d, 414o, 420a 
— , — Brilliant, GK, GR and 
UK, 1. 426a, 427d, 429c, 
426a 

Golden, GN. I. :t»6c, 
418d 

Toiiamine, (31, I. 40c 
New Acridine, R, 1. 132a 
Dharnia. Acrklmc, R, RRIt, 
1. 132a 

pignienhs from the, III. 184d 
|{hodulifi, i\, NO, I. 132a 
iSoledon Brilliant, 4 H, J. 429b 
Orhitolitesmargiiialh^,i'im\\ from, 
IfJ. .360b 

Or bleu, VI. 110a 
" Orcasr 1, 136d 
Orcinol, colour react-ion with 
pentoses, II. 287b 
Ores, flotation prt>coss, V. 2H3d 
Organdie tlnisbing, V. Itn 0 
Organophosphors, Tl. 221a 
Organosols, HI. 27JW 
Organzine silk, IV. I2la ; V. 
94a 

Or gris. VJ. 1 lOa 
Orixine, III. 602d 
Orizabin, VI. tiOc 
Ornithine from citiullinc, HI. 
J03b 

Ornithite, II. 221c 
Orobanchin, Yl. 92d 
Oroboside. VI. 92d 
" Orphol” 1. 701 a 
Orpiment, I. 468c, 179b 
Orsat apparatus, 1 1. 676tt 
Orthite, I. 238c ; II. 512a, b 
Orthoboric acid, II. 4 fid 
Orthochrome T, HI. 515b 
Orthoclase, I. 204d 
" Orthoform " (new and old), I. 
309b 

" Orhzon," VI. 345d 
Orujo, II. 343b 
Oryzanin, If. OOd 
-- in rice, II. 492b 
Osmium, detn., IT. 6L3a 
— , — , gravimetric. Jl. 613b 
— , — , volumetric, II. 664d 
— , qualilAtive reactions, IT. 

554d, 556d, 578d 
Osmotic pressure, equation for, 
TIT. 2H8a 

of starch solutions, II. 

3026 

Osones, 11. 293c 
OsBein, IT. 27a ; V. 5056 ; VI. 
23a, 2.5a 

Osteolite, II. 224c 
OBtwald dilution law, II. 536c 


OByritrin, VI. 92d, 95o 
Otavite, VI. 136d 
Otto of roses, I. 5476 
Ouabain, II. 386a ; VI. 62d 
Oubagenin, II. 386c 
Our4r4 fat, 1. 655a 
Ovalbumin, prepn., IV. 2546 
Ovomucin, prepn., IV. 254d 
Ovomucoid, IV. 254d 
Oxacarbooyanines, oxa - 2' - 
and oxa-4'-c5^anine8, TIT. 
5206 

Oxalates, qualitative reactions, 
II. 569d - 

Oxalic acid, activated, VI. 2616 

from cellulose, II. 467d 

in carambola, II. 270a 

Oxalyl cidoride, reaction with 
tetralin, IT. 304a 
Oxanthrones, I. 215a, 3886, 
430d 


Oxazine, 1. 56.5a . 

isoOxazolediazonium sails, 

IH. 5926 1 

Oxazolo-cyanines, III. 521 d 
Oxidase in rice, II. 4v5d 
Oxidases, IV. 3156 \ 
Oxidation-reduction a n.a lysis , 

II. 7l)6c \ 

^ - — polenthals, VI. 417c 
Oxide tllins on metals, MI. 3686 
— scale on hot metals, 111. 369a 
Oxidoethylene - afl - dicar - 
boxylic acid, V. 51.d 
Oximes, propn., VI. 403a 
Oximinoethylquinuclidine , 
m. 161c 

Oximino vinylquinuclidine , 
Til. 1596 


Oxindole, VI. 464d 
Oxine, H. 5836 ; IH. 3^56 
— , reagent- (flcc aha (Quinoline, 
8-iiydroxy-), J I. 5836 ; III. 
335b 

— , — , metallic compounds, 11. 

.5836; 111.33.56 
Oxland and llocking’s calciner, 

I. 473d 

Oxonitine, 1. 12 Id 
Oxonium ion, VJ. 247c 
Oxo-reaction of chlorophyll, 
IH. 84c 

Oxyacantbine, I. 682d, fl83c ; 
VI. 496c 

Oxy-acetylene cutting, I. 115c 
2 - Oxy - 6 - aminodihydro - 
pyrimidine, III. 545c 
Oxyapatite, II. 225r 
Oxy-a-carotene, II. 3996 
Oxycellulose, II. 3()2a 
Oxychelidonine, II. 527d 
Oxycoccicyanin, VI. 92d 
Oxycoccin, HI. 41 4d 
Oxydases, II. 60d ; IV. 315b 
l-Oxygen, detn., colorimetric, II. 
685d 

— , — , gasometric, II. 078a, 
684d 

— , — , hydrogenation analysis, 

II. 022b ; VI. 350c 

— , free, detection, II. 674a, 
078a, 081a, 685a 
— , qualitative reactions, II. 
574a 

Oxyheemoglobin, VI. lQ4d, 
165c, I60a 
— , detn., VL 100c 
— , oxygen capacity, VI. 166c 
— physiology, II. 216 
“ Oxylene ” fireproofing, V. 216d 
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‘^P^tiguU." TV. MOa 

carbazole, IJ. 

Oxyznurlatic acid, III. 
Omeunne, I. 686a 
6-Ox^urizie, VI. 408& 

Ozalide ” photographic paijcr, 

ui.rmd 

Ozokerite, II. 606d 
— in candles. II. 264c 
Ozone, detecflon, JI. 574a, 685a 
— , detn., II. 085rt 
Ozonides, of olefins, 11. i:»2c 


P 

Pachwai, 1. 580a 
Pack machines in dyeiiitt, IV. 
130a 

Paddy or l*udi, II. *180(7 
Padi lengkiuvaiig, IJ. 31(7 
Pxonia off., V. albijioro, VI. 

02d; 1.511,/ 

Psonin, VI. 02(7 
PaBonol, I. 61 Sr 
Pa^odite. I. 162c 
Paint, NiT also (Vllnlose l.ir- 
quers ; Chiiia wocmI oil ; 
Driers ; Drying oils ; l.iii- 
Kcod oil ; Pigineiits, 

— - , casein iii, 11. 1115 

— emulsions, JV'. 3o3a 
Paints, randl(*iiul oil in, II. 

263a 

— , carhon in, ll, 313a 

— , fish oils in, IV. HCyh 

— for iirotecling ineliils, HI. 

3635 

Palaquium fnt, il. 32r 

— nut oils, n. 32a 
Palds-k4pplu, II. 157(7 
Palembang |j('ri/.oiri, I. 6155 
Palitantin, V. .53((. 

Palladium, debn., clcclro- 

(leposiliou, 11. 702a 
- , — , gravinictrir, II. 6145 
, — , volunietnc, 11. 665(/ 
eloctrodcqiosition, 1V^ 270a 
-- hydride, VI. 3()5r, 315a 
, qualitative imctions, 11. 
.554(7, .556(7, 578(7 
Palladous salts, reduction l>y 
carbon monoxide, II. 2515 
Palmarosa oil, V. 51 7a 
Palmatine, I. 124a ; II. 2355 
tetrahydi'o-, III. 402a 
Palmatisine, 1. 124 a 
Palmiacol, II. 516(7 
Palmine, III. 242a 
Palmitate, 1. 5495 
Palmitic acid in bone fat, 11. 
295 

candles, II. 263r 

cascarilla and celery 

oils, II. 441a, 441(7 

— - — rice, II. 4945 
Palmitone in cabbage, II, 

182(7 

Palm kernel oil, Hi. 243a 

olein. III. 243c 

stearin, III- 2435 

— oil in candle, II. 203(7 
chocolate, III. 88c 

— seed oils, PalmcB app.. III. 

238a 

— wine, I. 467d 
PalvKOrekite group, I. 409c 
Panujase, IV. 590c 
PanolafiditeB, IV. 545(7 


Pandermite, II. 355, 40(7, 48c ; 
HI. 278r 

' - , borax manufacture from, 
II. 46(7 

Panicol, II. 4857> 

Paniculatine, 1. 124a 
Pantal, I. 2.535, 277c 
“ Panthesine,** I. 309ri 
" Pantocaine,** I. 3ii9a 
Pantothenic acid, II. 98r ; VI. 
138(7 

Papain, JV. 31.5a 

- protease, II. 88a 

Papauer somnifemm, P. spp., I. 
450(7 ; JV. 8.5(7 ; V. 91(7, 
203r 

Mpp., antliocyanins in, I. 381(7 
Papayotin, I[j. .568a 
Paper dryer, IV. 72(/ 

- maiuifacturo, casein in, 11. 

4145 

- ninllMjiTv, II. 1 1 9a 
, rice, 1I.‘ 496(7 

-s|i:ir, IJ. 203r 

Papilionaceae, alkaloids. 111. 
.54 2( 

Paprika, JI. 2735 

assay, piperine standard, 1 1, 
27.5a 

Parabanic and, 1. 214(7 
Parabutaldehydo, 1 1 . 1 57a 
Para/sohutaldehyde. JI, 1575 
Paracasein. II. 525(7 
Parachloralose, 111. 3.5(7 
Parafactis, IV. .596a 
Parailin in cacao but ter, 1 1 . 
187a 

Paraffins from sliale oil, 11. 35 
- -, higlier, detn., II. 6845 
Paraffin wax emutsioiis, \'. 
197a 

- Ill landless, 1 1. 2().3c 
Paraformaldehyde, V. 318(7 
Para^lyoxal, V^I. 98c 
Parahamatin, V'1. 1015, r7 
Parahilgardite, VI. 236r 
Parahopeite, VI. 266tt 
Paraldehyde, I. 215, 25(', 195(7, 
3685 

— , reachon, with carainel, IJ. 
277a 

Paraldol, I. 205, 161a 
Paralinolic acid in chaiil- 
moogra oil, IJ. 522(7 
Paranaphthalene, I. 382a 
Paranephrin, I. 147(7 
Parant^acene ((lianthracene) 
1. 384(7 

Parchmentising in cotton 
finishing, V. 191a 
Parchuolite, 1. 2iUc 
Paricine, 1X1. 128a, 168r 
Parigenin (sarsapogenin), VI. 
95r 

Parillin, VI. 95r 
Parinaric acid, IV. 86r7 
Parisite, IV. 279a 
PariBon, V. 578(7 
“ Parkerising ” metals, JIT, 
392(7 

Parlusine, II. 4435 
Particles, liquid, vapour pres- 
sure, IV. 07c 
Pasque flower, J. 3716 
PaBte (gem), V. 5135 
Pasteur effect, I. r»57r ; VI. 
80c 

, inhibition, VI. 81a 

PaBteuriBation of beer, II. 
102d 


589 

Pastaur reaction pf cinchona 
alkaloids, HI. J56c 
Patent stills, 1. 1785 
Patina, 111. 8305, 3515, 300(7, 
373a, 392a 

artiflcial. III. 3365. 392c 
— , prol(»cUve, III. 392a 
Patronite, V. 00a 
Pauli exclusion principle, 1. 
545a 

PauUitannic ucid, VI. 153(7 
Pavy'e solution, 1. 649a 
Payta bark, HI. 1285 
Paytamine, 111. 1285 
Paytine, III- 1285 
‘•P.C.Jibrvr V. 1205 
Peach wood, JI, GSa 
Pea-nute, sec (i round-nut. 
Pearl-spar, IV. 53(: 

Peat, V. 3375 
— , gasiliecl, V. 338d 
Pebble powder, IV. 4.58(7 
P^chiney process, HI. 67a 
Pectase, IV. 3145 
Pectenine, II. 396(* 
Pectenoacanthin, 11. 401(7 
Pectic acid from flax, V, )62a 
Pectinase, IV. .3145 
Pectin from pcrlocelluloso, II. 
4675 

- pomace, III. 127(7 
' in gimtiun root, .51.5(7 
- of grape fruit peel, VI. 1305 
— , uronic acid in, 11. 208a 
PectocelluloBe, H. 467a 
Pedersen process, X. 2685 
Peeling (pottery), VI. 125 
Peganum harmala, alkaloids, VI. 
186a 

Pegmatite, VI. 1205 
Pemiine, V. 3305 
Peiminine, V. 3305 
Pei Mu, V. 33()tt 
Pelargonidin, 1. 381c; H. ' 

234c ; VI. 93a 
Pelargonin, VI. 93a 
Pelargonium ttpp., V. 610a ; VI. 
8Hc 

Pelosine, I. 660c 
Pensuig benzoin, 1. 6155 

— isinglass, 11. 102a 
Pencil-ore, VI. 160(7 
Pencils, copying-ink or in- 
delible, HI. 359(7 

Pencil-stone, I. 1 62c 
Penicillic acid from Penicillium 
epp.. V. 52(7 
PenicLUiopsin, V. 55c 
Penicillium spp. {see also Fer- 
mentation, mould ), H. 845 ; 
VI. 91c 

and ui'senic compounds, 

1. 483(7 0 

Penrhyn powder, anti -frost, 
IV. 5505 

Pentaborane, H. 40(7 
Pentacarbocyaninea, III. 52Ba 
PentacyanldeB, 111. 4705 
C{/c7oPentadecanona, TV. 417a 
epe/oPentadiene, 111. 6346 

— from phenol, II. SOOd 
Pentaerythritol, IV. 499d 

— tetranitrate, IV. 499(7, GOOd 
Pentaethylene glycol, IV. 

3795 

Pentamethylene diamine, II. 
188c 

— tetraz^e, 11. 388o 

PenU|Mth7logluoo8o, II. 
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Pentane, amyl derivs. from, 
II. 471d 

isoPenteme, clilurination, II. 
154d 

— , dichloro-, IJ. 154rf 
“ PentasoW' 1. 301 a 
Pentaxanthin, II. 40] cZ 
“ Pentenal/' 1. 023a 
Penthrit, IV. 40l)f/ 

Pentitols, VI. 495tZ 
“ Pentobarbital ” I. 02.3a 
Pentosan, bmn, II. oOa 

— in ca}>bage, II. 183Z> 
Pentosans, II. 287a, 'U)3r 

— in celery, II. 441Z> 

cellulose niateriiil,*Il. '102r 

Pentryl, IV. 488Z» 

Pepper, red, II. 2736 
Pepsin, IV. 311rf, 31.^a 
Peptides, Rynlheais, I. 322r/ 
Peptisation, III. 281a 
Peracetic acid, I. 21a, .5()a ; 
II. 373a 

Peracids, dotn., vuluuu-lnr, 
II. 005a 

oxidation of alddiydr.s by, 
11. 3026 

— , prepn., IT. 373« ; VI. 34.56 
Perammon, IV. 4 Old 
Perbenzoic acid, 11. 373a 
Perborate (ileaclnug of .silk, 
11. 18c 

— , dotn., voluinotric, II. OO.lia 
Perborates, 11. .51c; VI. 315c 
— , qualitutivi* I'eactions, II. 
508a 

Perborax, IT. 5 Id ; Vi. 315c 
" Pfircame," I. 300c 
Percarbonate, deln., volu- 
metric, IT. 00.5a 

Perchlorate, deln., volumetric, 
II. 6576 

— oxplo.Hives, IV. 401c 
Perchlorates, detn., gi-iiNi- 

rnetric, II. 010a 
— , production, III. 0S6 
— , qualilative reaclion.s, Jl. 
570// 

Perchloric acid in analysis, 
precautions nece.s.sary, Jl. 
557(/, 563d 

Perchloroethyl fojinate, TV. 
362a 

“ Perc/iZoron,” III. 036 
Perchromic acid, ill. Ilia 
Per-compounds, II. 373a ; 
VT. 3156 

Percussion caps, IV. 543c 
— ,, sensitiveness of explosives 
to, IV. 551a 

Perdisulphate (persulphate), 
dotn., volumetric, II. 665a 
Pei^pirine, V. 504a 
Pereiro bark, V. 603d 
Perfect gas, dcOnifion. VI. 
412a, 413d 

Perfumery, use of butjoic 
esters in, II. 1816 
" Perhydrite” VI. 34 5d 
Pericol, III. 5156 
Perilla oil, IV. 846 
Perilla epp,, IV. 846 * 

Periodates, detn., gravimetric, 
II. 610d 

— , — , volumetric, II. 6576 
— , qualitiitive reactions, II. 
5776 

Periplocin, II. 386d ; VI. 113« 
Periplooymarin, ir |'86a ; 
VI. 93a I 
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Periplog^enin, II. 382a, 386d 
“ Peristmtin~Ciba” II. 410d 
Peristerite, V. 3a 
Perkin rend ion, 11. 364c ; III. 
180d 

Permanganate, detn., poton- 
tiometric, II. 7086 

— in respirators, III. 10c 
volumetric analysis, II. 

646c, 6606, 602a 
Permanganates, qualitative 
reactions, II. 577c 
Permitted explosives, IV. 
553c, 5.566, 5586 
— . sheathed, £V. .556d, 561d 
Permonosiilphuric acid, VI. 
341a 

“ Permutiter II. 2206 ; VI.276d 
Pernambuco wood, JJ. 68a 
Perniobic acid, 111. 3126 
•*Pernocton” I. HOHb, 023a 
Perovskite, II. 229d ; TV. 
215a 

Peroxidase, IV. 3156; VI. 
lOHa 

, compound AVitli hydrogen 
per<»xid/‘, VI. Iti.Sa 
, detrclioii, V. 304/ ; VI. 
1426 

ill ric<‘, il. 195/Z 

Peroxide bleachii»g of cotton, 
sdk, wool, 11. I tic, IS/-, 17a ; 

V. 20Ta 

-- rayon, V. 20 J a 
---, detn., volumetric, 11. (U)ld 
Peroxides, acvl, prejm., IJ. 
373a 

“ Peroxydoir VI. 345c 
Perpluviation e,xtrac(.i(m, IW 
584 d, .585c 

Perry, 1. 166; ITT. 120( 
Perseitol, II. 2tMid 
Perseulose, Jl. 2S6/Z 
Persulphate, detn., volumel ric, 
II. 665a 

— in llmir, 11. 81a 

— produclion, VI. 31 Ic 
Persxilphates, (pia.litative re- 
actions, 11. 574 d 

Persulphocyanogen, JJ. 2616 
Pertite, exjdosive, IV. 476d 
Peruresinotannol, I. 616c 
Peruviol, I. 010c 
Perylene, 1. 426d 
Petalite, II. 19.5c 
Petaloxanthin, II. 399d 
Petermann solution, \'. SI a 
Petit granit, IT. 137d 
“ Petroklastitr IV. 464a 
Petroleum, acids from oxida- 
tion, 1. 1206 
and shale oil, V. 370a 
, aromatic hydrocarbons in, 
1. 466c 

, cracked, hydration of ole- 
fins from, II. 4286, 47 Id 
— . hydrogenation, II. 425d 

— in cas.sia oil, test for, II. 41 Or/ 
— , origin, II. 280c 

— sulphonic acids, IV. 2S66 
Petunin, III. 554 d ; VI. 93a 
Pe-tun-tse, III. 32d 
Petunzite, III. 32d 
Petzite, VI. 102a, 206a 

P. and P JZ. Helmet, HI. 186 
Phsenthine, P.-methine base, 

VI. 496c ; II. 4816 
PhsBophorbides, HI. 81d 
PhsBophytin, HI. 8ld 
Phagocytes of blood, II. 20a 


" Phanodorn,"' I. 623a 
Pharbitinlc acid, VI. 936 
Pharmacolite, H. 2266 
PhasBolin, HI. 414a 
Phaseolunatin, VI. 91a 
Phase test for chlorophyll, HI. 
64d 

Pin definition, II. 0386 
Pheasants eye, I. 1456 
Phellandrene, I. 5c 

— in essential Bils, II. 256, 

2496 ; HI. 1836, c 
Phellonic acid, HI. 366a 
Phenacyl ostei-s, II. 3786 

, p-bromo-, H. 378a 

Phenakite, 1. 685a ; VI. 13c 
Phenan, HI. 328c 
Phenanthranaphthazine, I. 
508a 

Phenanthr aphenazines , 1 . 

567d 

Phenanthraquinone plios- 
phor, H. 2246 j 
— , reaction with b-dijnnines, 

I. 507d \ 

Phenanthrene, delV|ctioii in 

antlimceiie, 1. 3tnc 
Phenarsazines. 1. 494d 
“ Phenaspetin,” J. 5l8h 
Phenazine, .s-cc limnoxiiJmes. 

“ Phenazone,’' I. 1 1 9a \ 

“ Phenazopyrine” J. 736 
Phenegol. 1V^ 257c 
Phenetole, 2 >-amirio-, I. 307c 
“ Phenobarbital,'* 1. 623a 
“ Phenocain,"' VI. 2406 
Phenol (ncc aha Carbolic acid), 

II. 303d 

Phenol, o-bi'oniQ-, conversion 
into catechol, II. 4306 
, bromo-derivs., H. 3()7a 
, o-chloro-, in catechol; prepn., 
Jl. 4306 

- , detection aiid detn., 11. 

3076, 570c, 7086 
-, dinitro-, Jl. 300d ; IV. 475d 
Fhenoldis^phonic acid, cate- 
chol from, II. 4306 
Phenol-formaldehyde resins, 
Jl. 422d 

— from acetylene, 1. 83d 

— in castor, II. 4i9d 
— iodo-, 11. 307a 

“ Phenol, liquefied,” H. 305d 

Phenolphthalein, prepn., H. 
3076 

— , tetraiodo-, sodium salt, I. 
448d 

Phenol production from coal, 
II. 3()3d 

— , purification with aromatic 
sulphonic acids, II. 304d 
, reaction with Millon’s re- 
agent, H. 307c 
^ — , recovery, IT. 319d 

— rosins, II. 308d 
Phenols, carboxylic acids from, 

H. 3646 

, chloro-, prepn., H. 307o 
, luminescent oxidation, HI. 
23c 

nitro-, IV. 475c 

— -, — , explosives, IV. 475c 
— , — , formation, II. 306d 
Phenolsulphonic acids, II. 

307a 

— , synthetic, II. 304d 

Phenoltetrcd)romophthalein, 

disodium sulphonate, 11. 
118d 
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Phenol, trinitro-, Picric acid. 
Pnenonaphthacridlne, a- and 
i3-, 1. 12Uc 

' - riii}>oxylic arid, I. 12Jtr 

Phenonaphthacr idines , 1 . 

12!lc' 

PhenonaphthacridoneB, 1, 

12i»d 

Phenonaphthazine, I. oO hZ 
Phenosafranine, 1. 571r, Cil’Ab 
Phenoxyac^tic ncid, 2-nn’- 
L)oxy-r)-methoxy-, II. Uiir 
Phenylacridine, 2-aniiiu)-S- 
dimcthylainiui) - 5 - p - di - 
inethylainiiio-, I. r 
,2:8 - (Ijriiothyldinniiuo J. 
]:i;3r 

/i-Phenylacrylic acid, 111. JSUc 
Phenylalanine, 3: l-diln (lr<i\v-, 
i.317d ; V. 87ft 
Phenylarsonic acid, T. 1 85ft 

J3 - a.cclylrimido - 4 - - 

tlioxy;, I.'asic, 48J)c 
/i-aniiiKi-, J . 48dr 
/ ;>-carliaitiiiio-, I. 487rt 
acids, diaituiio-. I, 188ft 
, liydriixyiiiuuKi-, I iKUft 
1 “Phenylhonztriazole , 11. 

278c 

Phenyl i.s’ol)(»rii\ laininc, 11. 258c 
car'll hiuiiiic chlui'idc jiro- 
ductiiiri. 111. 17rt 

— ccifdalc, II. .5 10c 
Phenylchromone, 2- and 2-, 

V. 255a , c 

Phenylcinchoninic acid (.see 
a/ho ('iiichoidicn), HI. 178f/ 
Phenylcoumarin, liNdroxv-, 
ill. 181e 

Phenyl esccyaimti', reaction 
wit h Jiydrocai hoiih, II. 
110 la 

Phenyl diazomethane , HI. 

(lOOa 

o-Phenylenediamine, 1. 505e 
m-Phenylenediamine , [\. 

l!)7e 

p-Phenylenodiamine as liair, 
dye, V J. 17Je 
-- dermal it US, VI. 172ft 

— Ill preim. of safraiiiiies, 1. 

57 Oa 

Phenylene-o-diazoimine, ITT. 

5})dft 

o-Phenylenediazosulphide , 

Ul. 5!):ie 

0- Phenyleneureas, T. 310ft 
a-Phenylethyl acetate, 428d 

alcohol, \'I. 420a 
Phenylethylene , a- bromo-, 1 1. 

nsd 

d-Phenylglucosidase, IV. 

283a 

Phenylglyrine anilide, T. TO] ft 

— from Iri chi orethyl cue, I. 101 a 
Phenylglyoxalic acid, I. 71c! 
a-Phenylguanidine, VI. 140(Z 

1- Phenylhydantoin, VI. 2yic 
Phenylhydrazine, VI. 300ft 

J)- bromo-, VI. 301a 
, j>-cliloro-, I. 107ft 
, detection and detn., VI. 
300c 

— 2:4:-diniti*o-, I. 107a ; VI. 

3016 

.-,iodo-, 11. 293ft 
. 33-nitro-, VI. 301a 

— reaction with carbon sub- 

oxide, II. 352d 

— -p-sulphonic acid, VI. 300d 


Phenylhydrazanes, I. 195c 

- - of sugars, II. 202d 

- , reaction with maleic an- 

hydride, VI. 304a 
— , reduction, VI. 303d 
Phenylhydrindone, 111. ISJr 
Phenylhydroxylamine, p - 
nilro-, HI. 597ft 

l9-Phenylhydroxylaznine , VI. 

403d 

— , nitroso-, VI. 4046 
Phenyl - /3 - methylamino - 
ethanol, /-a-3:l -dihydr- 
oxy-, J. 145c 

Phenylmethylnitr amine, tri- 
nitro-, I\ . 485a 

1 - Phenyl - 3 - methyl - 5 - 

pyrazolone, 1. (Old 
Phenylnitraminoethyl 1 1 i - 

traU*, ,s-lnnilro-, IV. 188ft 
Phenylosazone, VI. 08e 
Phenylosazones, 2:1 - di - 
bromo-, II. 203ft 
Phenyl-peri-acid. coupled 
VMth r I -acid, JV. 204ft 
p-Phenylphenacyl e.stt“rs, II. 
378Zi 

Phenyl phospha1<‘s (.see nltfo 
'riiiihenyl idiosphale), II. 
307 ft 

Phenylpropiolaldehyde etiiyl- 
acelal, I. 30c 

/J-Phenylpropionic acid, fi- 
hroino-. III. 181c 
Phenylpropyl acetate iti cassia 
‘oil, II. 418d 

2 - Phenylquinoline - 4 - car- 

boxylic acid, 111. 85ft 
Phenyl sal icylalc, II. 307ft 

- — , acel \ l-p-anmio-, 11. 5IOd 
4-Phenylsemicarbazide I , 

107rt ; \’l, 300a 

Phenylstibine chlornle, nmno- 
anil til-, 1. 433r 

Pheiiylurea, di - p - t arlijiro - 
pox,v-, IV. Hid 
Pheron, l\’. 3 I7d 
“ Philanising ’’ colton, V. 

Philothion, V. 23c 
Phlobaphen, II. Old 
Fhloionic acid, HI. 360ft 
Phloionolic acid. III. 366ft 
Phloraspin, V. 18 Id 
Phloridzin, I. 451ft ; VI. 03ft 
Phloroglucinol from plionol, 
IJ. 307a 

Phloxins, IV. 3i0t; 
Fhocscholic acid, a- and B-, 

I. 080ft, 690o 

PhGBnicin, V. 54ft 
PhcBnicite , phti'iiicochroil e , 

HI. 06ft 

Phorbol, HI. 434 d 
Phormium, II. 461ft 
Phormium ienaxt V. 105ft 
Phorone, 1. 66d 
Phosgenation of dycstulT mix- 
iure.s, IV. 222a 

Phosgene {see also Carbonyl 
cTilonde), II. 321c 

- -, detection and detn., 11. 

322a, 085tt 
— - in warfare, III. 9a 
— , reaction with hydrocarbons, 

II. 304a 

— , prepn., II. 350d, 428d ; III. 
17a 

Phosphagen or phospho- 
creatine, 111. 415ft 


Phosphatase, II. 296a ; IV. 
314ft 

— bone, II. 27d 

- in malting, II. 80a 
Phosphate, African, V. 60ft 

- , “ available,” detn., Ameri- 

can method, V. 8 I 0 

- , Ihdgian and Somme, V, 08ft 

- , t^hristinas Island, V. tl9c 
coal ing of iron, HI. 392d 

- deliciency in grass land, VI, 
133a 

, tietn., see also Phosphoric 
acid, detn. 

, , colorimetric, II. 674a 

, , gravimetric, 11, 598d 
, laici'o-methodB, 11 . 63, Su 
, ptiteniioinetric II. 706c 
. -, volumetric, II. 665a 
, ilro]» reaction. H. 582ft 
, Florida, A'. 60ft 
ill Hour, 11. 70c, Sla 
, Pacilic, V. 60c 
, precipitated, fertilised, V. 67r 
, re\erletl, detn. in siiptM- 
lihosphale, 80d 

- , Ithfnania, V'. 67d 
Phosphates, Fai-ihlusin, V. 08d 

, ground iiinu'ral, V.'oiid 
in casein paints, II. 415c 
, iiiineial, detn. of Mg and A I 
in, \’. 78ft 

, rirgaruc, in lire ext inguishers, 
11. 356c 

Phosphate, South (^aruliua, V. 
686 

Phosphates, (lualit-ative re- 
ad ions, Jl. 552a, 555d, 
557c, 572r/ 

Phosphate, lotal, ddn. in 
fertilisers, 7ild 
Phosphatic rocks for super- 
plios[dwite niamil’actun*, V. 
6 Ha 

Phosphatide of calihage, li.te 
1 83a 

Phosphatides, W. 60d, 76ft 
in cacao butler, IJ. 186a 
Hour, II. 78a 

Phosphine, detection, II. 685ft 
fuiiugation, V. 307d 
Phospl^es, Ilnlliant, 1 . 132r 
— , Fatunt, 1 . 132c 
— , Pharma, 1. ]32d 
Phosphites, qualibitive ro- 
uctioriH, JX. 573a 
Phosphoamino-lipids, VI. 
60d 

Phosphocreatine, VI. 75ft 
Phosphoesterases of bran, 
II. 60d 

Phosphoglyceraldehyde and 

acetaldehyde, oxido-reduc- 
tion, V. 33(1 • 

- transformation in muscle, 

VI. 76(/ 

Phosphoglyceric acid, forma- 
tion by yeast, 11. 99d 

— acids in muscle or yeast, V. 

25a 

Phosphoglycerol, V. 25a 

— and pjTuvic acid, oxido- 

reduction, V. 34a 

Phosphoglyfteromutaso, VI. 
77a 

PhoBphohexomutase, V. 36d 
Phospholipins, VI, 69d 
Phosphomolybdic acid, cata- 

t stsfor acetic acid prepn., 
.350d 
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Phosphpprotein in mamma- 
lian milk, II. 4116 
Pho^hopyruvic acid, V. 276 ; 

Phosphor-bronze, III. 3556 

copper, III. 3566 

Phosphorescence, 111. 23a 

— of calcium nitrate, II. 222c 

— sulphide, II. 230a 

Phosphoric acid catalyst for 

acetic acid prcpn., II. 350d 

, citrate-Hulubie, V. 81a 

, — - — , detri., V. 82c 

, dehydrating catalyst, II. 

4286 

, detn., nee aluo Phosphate, 

detn. 

, — , citric - oxalic - Mg 

method, V. 77a 

, — in mineral phosphates, 

V. 75c 

, — , Jorgensen method, V. 

70a 

, ~ of citrate-soluble, V. 

81a, 82a 

, total, in basic slag, 

VI. 81d 

, , — fertiliser, VI. 

70d 

, — , rapid method with 

magnt^sium, V. 7Sa 

p ■ “I Mt. (Jobairi (Sau- 

fourche) method, V. 7(J6 

, removal in analysis, IT. 

5526 

— eaters of fermentation and 

muscle extract, see IS'er- 
mentatioii, alcoholic ; Oly- 
colysis. 

sugara, II. 205(1 

, xdasticisers, 11.448r,472r 

— oxide for gJassmaking, V. 

TiOOtt 

Phosphorites for sujieridios- 
** Xdiate manuractiire, V. 08c 
Phosphorous acid, qiialitaiive 
reactions, Jl. ri73a 

, detn. volumetric, II. 665c 

Phosphors, boric acid, II. 40(f 
Phosphorus carbide, 11. 281a 

— chloride as chlorine carrier, 

II. 3536 

— , detn., assay, I. 531c 
— , — in carbon compounds, II. 
022c 

— , iron and steel, 11. 

599a, 0056 

— , — , micro-method, II. 033a 
— , — in calcium carbide, IT. 
216d 

■ — elemental, detection, II. 

572d, 0856 

— ,3:—, detn., volumetric, II. 
065c 

— in casein, II. 4126 

stainless st-eel, detn., II. 

5996 

— , luminescence, III. 236 
— , organic, in rice, II. 498d 

Phosphorylation by co - 

zymase, V. 386 

inorganic phosphate, V, 

36a 

the adenylic acid system, 

V. Ud 

yeast nroparations, V. 37d 

— in alcoholic fermentation, V. 

35d 

lactic acid fonuatidin, V. 

Sid- r 


Phosphorylation in living 
yeast, V. 40c 

Phosphotrioss dehydrogenase, 
V. 33a 

— , phosphoglyceric acid and 
^jhosphoglycerol from, V. 

“ Phosphuret of baryta,” 1. 
043a 

Photographic film, 11. 44Ga 

— paper, ” diazoiype” III. 

590a 

,*'ozalide'* or ozalid,'' 

III. 589d 

Photo-sensitization of com- 
bustion, IV. 4186 
Photosynthesis of carote- 
noids, II. 402a 

Phototropy of calcium sul- 
phide, IF. 230a 

Phrenosin, II. f.OOc ; VI. 93c 
Phthalhy dr azide, .3-amino-, 
luiiiinesconce. III. 23d 
Phthalic acid i\sters, as i>lasli- 
cisers, 11. 448c, 472c 

— aiiiiydridc' prodiiction, If. 

42Ka 

Phthalimide, .ilkyl diuivs., 1. 
300tt 

Phthalocyanines, eo-ordina- 
liou formula*. 111. 332d 
“ Phulwa,” 1. 054a 
Phulwara butter, I. 054 a 
Phycocyan, I. 2006, 092a 
Phycocyanobilin, 1. 200c 
Phycoerythrin, I. 2006, 092a 
Phycoerythrobilin, I. 200c 
Phycophain. 1. 199c, 200« 
Phyllanthin, VI. 9:i(; 
Phyllowtioporphyrin , 111. 

H2d 

Phyllocaline, VI. 138c 
Phylloerythrin, 111. 846 
Phylloporphyrin, J J 1 . 82(/ 

— , rc'lation (o blood i)igim*iits, 
If. 2()c 

Phyllopyrrole, Jfl. 836 
Physalien, II. 398d 
Physcion, V. 54d 
Physical determinations, inicro- 
* meihod.s, II. 0846 
Physic nut oil, III. 460r 
Physostigmine, II. 198d 
isoPhysostigmine, II. 2006 
Physostigmol, II. 109c 
Physovenine, II. 200a 
Phytase, II. 706 ; IV. 3146 
Phytin, I. 198d ; VT. 495c 

— in maize, II. 4826 

rice, 11. 499a 

Phytol, II. 402a 
Phytosterolin, VI. 03c 
Phytosterol in rice, II. 493c/ 

— of candelilla wax, 11. 262a 
Phytosterols, bran, II. 006 
Phytosterol test of butter, II. 

lOOd 

Phytyl alcohol from chloro- 
phyll, III. 81c 
Piasaava, V. 108a 
Piazothiole, 1. 3166 
Picein, VI. 93t 
Piceoside, VI. 63c 
Pickeringite, IV. 691d 
Pioklette, III. 77a 
Pickling of metals, 111. 77a 
Picollne from acetylene, I.. 84c 
Picratas, metallic, IV. 482c 
Picric acid antiseptic, IV. 30c 
explosives, IV. 480c, 483a 


Picric acid from phenol, II. 
300d 

manufacture, IV. 476d 

by interdilution pro- 
cess, IV. 4786 

NaN©. process, 

IV. 479c 

, continuous process, 

IV. 478c 

from cl^lorobonzene, 

IV. 479d i; 

, precautions in, IV. 

482a 

, properties of, IV. 48(jc 

- - reagent for alkaloids, I. 

2356 

, specifications, IV. 4826 

, testing, IV. 4826 

— Powder, IV. 4836 
Picrinit, IV. 476d 
Picrocrocin, VI. 93d 
Picrolonic acid, 1. 235c 
Picryl chloride, iMmincscent 

rcaclion, 111. 2^c 
-- suli)hide explosive, IV\ 48 fc 
Piedmontite, IV. 32 (Id 
“ Pierre-h-coton,”Jl. 500a 
Pigment dyes, IV. 3|f0a 
Pigments for t/«*xtil(4, ]V\ 127r 

— in butter, fl. ]07(‘\ 

casein i>aiiits, 11^ 415c 

— "■ magnesia cenu^nts, II. 

130(/ 

Lithol, IV. 2306 
Moiiolitc, IV. 2306 
Monusol, IV. 2306 
permanent, IV. 2306 
, polyene, Tl. 397d 
Pi-i6ou,’' III. 336 
Pilbarite, VI. loOa 
Pilchard oil, V. 228c 
PUolite, 1. 499c ( 

Pmelite, V. 43()a 
Pimento officinal in, eugeiiol 

from, IV. 3S)4c, 395a 
Pimento, 11. 2736 
Pinachrome, 111. 5156 
Pinacone, 1. 07a 
Pinacyanol, 111. 510c 
Pinaflavol, III. 530d 
Pinaverdol, III. 5156 
Pinene, borneol from, 11. 316, 
257c 

— , dibromonilroao-, IV. 2c 
— , ^drochloride, II. 32d, 250c 
f-a-Pinene in cajuput oil, II. 
168c 

/-Pinene in Canada balsam, 
II. 261a 

Pinene in essential oils, I. 5c ; II. 
2466, 4046 ; III. 1836, c 

— peroxide, II. 251d 
— , storage, II. 260a 

— , synthetic camphor from, II. 
2426, 249c 

Pine oil, borneol in, II. 2566 

, bornyl acetate in, II. 

2596 

in cotton bleaching, IT. Ca 

Pinlte, I. 162c . 

Pinitol, VI. 4e4c 
Pink, Algol, R, I. 200a, 232d, 
4106 

— , Benzo Fast, 2BL, IV. 222a 
— , Indanthrene, FBBL, I. 418a 
— , Naphthalene, I. 67 5d 
Pinnoite, II. S66 
Pinocyanol, 111. 514d, Side 
Pintach-Hillebrand genera- 
tor, V. 602c 



Pinus auatrtdis ; P, maritima ; 
P. palustria, I. 550a : V. 
415c ; V. 6a 

— picea ; P. pumilio ; P. 

aabiniana ; VI. : Vl 
288c ; I. Id 

— spp., turpentine and 

from. 111. 2946 

Piuri, Purree, \\. 

Piperazine, b 314c ; IV. 370r 
Piperidine, I. 315a 
■ -from acetylene, T. Hid 
Piperitone, IV. 96 

— in camphor oil, 11. 249c 
— , reduction, 11. 426d 
Piperylene, II. 1526, 154r 
Pisang dour, I. 018d 
Pisolite, 1. 456d 
Pistacite, IV. .320d 

“ Pita,” I. 2016 
Pitayo, III. 128d 
PitcJ^lende, II. 100a : VI. 
1.54d 

Pittacal, IV. 401o 
Pityrol, II. OOrl 
“ Pi-yu,” HI. 336 
” Placidol A" I. 361a 
Plancheite, IV. Id 
Plantain fibre, I. la 
Plant analvKis, asli dofn.. 1. 

503c; III. 430d 
, crude fibre in, III. 430c 

— — , — protein in. III. 430c 

— — , dry matter in, HI. 430c 
, ether-soluble subhtanc(> 

in, III. 430c 

Plant, chemical, resisiaiit 
materials for, IV. 1306 
“ PlasmoQuin," 111. 1376 
“ Plastacele” II. 4806 
Plaster, boiled. Keene’s, 11. 
131a 

— of Paris, II. 1306, 132a ; VI. 

100a 

, catalysts of sof, H, 

131c 

Plasters, calcium Hulphate, H. 
1296 

Plaster-stone, VI. lOOa 
Plasticisers {spc also Camphor ; 
Celluloid ; Cellulose j)lae- 
tics), IT. 3()8d, 4726; TV. 
523d 

Plastic magnesia, 11. 1 366 
Plastics, see also C'elluloid ; 
Cellulose plast ics ; llesins, 
synthetic. 

, bituminous, I. 703c 
, carbon in, H. 313a 
, casein, 11. 4146 
, castor oil in, II. 422a 
. nitrocellulose, H. 4646 
“ Plastolin II r 1- 361a 
Platinum catalyst, see Cata- 
lysis ; Catalyst; Hydro- 
genation; Ecactions, hetero- 
geneous. 

— -chromium alloy, III. 1 04a 

— dctn., IT. 613a, 6146 
— , — , assay, I. 528c 

— , — , electrodeposition, II. 
702a 

— , — , gravimetric, IT. 6146 
- — , — , micro-method, 11. G33c 
— , — , volumetric, 11. 665d 

— electrodeposition, IV. 270o 

— in contact process, II. 423c 
nitric acid manufacture, 

IL 424c 

VoL. VI.— 38 


INDEX 

Platinum metals, separation 
and detn., II. 6l3a, 614a 
, qualitative reactions, H. 
554d, 556d, 5796 

Pleochroism of bromine, 11. 
I(i7»/ 

Plumbago, H. 3096, d, 313d 
Plumbous acetyl ide, H. 281r 
Plumosite, IV. 591d 
Plusinglanz, I. 4(i6« 

Podolite, 1. 4 19d 
Polar and itonqtolar Imks. 111. 
331« 

Polar Dynobel, IV. 556d 
Polarisation, nuilecular, VT. 
4666 

Polarographic analvhj.s, H. 
7106 

” Polaroid” V. 596a 
Polar iSamsnnite .\o. 3, 1\'. 
5.-if{ 

- Saxonitc, IV. .55(9/ 

Polenske value «)! iHitlei, ]l. 

165d 

c.'K ao buit4‘i*, 11. IS.56 

Polierschiefor, 111. .579r 
Pollucite, H. 19.5r 
Pollux, li. 19.5r 
Polyalkylguamdines , \i. 

ItOd 

Polyanthrimides, 1. Il9d 
Polychloropreno. a- anti u-, 
I. 896 

Polycrase, li. 19r, 51 2e 
Polyenes, geoimdric isonien.sin, 
H. I.51c 

Polygalritol, 11. 296c 
Polyglycerol, \'l. 76c 
Polymerisation, sec also in- 
dividual aldiliydes. 

- , calalA'lic, 1 1. 42‘.(a 

, metal carbonvls a.s catalysis 
in, 11. 3.5.Sd 

- of acel ybuie, 1. 8.56 
-- - oietiiiH, J 1. 1536 

miHaturated givcerides, 

IV. 80d 

Polyolefins (conjugal ed ), II. 
151a 

- (non-con jug.ated) H. 1.566 
Polyoxymethylene, a-, ft-, y- 

aiid €-, V. 3 1 9a 
coni])ouiidH, IT. 15Hd 
Polypeptidases, 1 31 .5a, 32.5a 

Polyporus sp]>.. IV. 282r 
Polyprenes. JJ. 154a 
Polysaccharides (see also 
'('ellulose), H. .301 r 
— , eli.iin length, H. .301d, 458a 
Polystichin, V. I.S2a 
Polythionic acids, detn., volu- 
metric, H. 6676 
Polyuronic ari<I, 11. 298a 
“ Polyzime,” V. 59r 
Polyzoa, coral from, JH. 360r 
Pomace, H. 4.52c ; JH. 124d 
Pomegranate hoimI od, 1V\ 86d 
” Pomelo,” VI. 1296 
Pomeranz-Fritsch sy nt basis , 
VT. lS8c 

Pomilio electrolytic cell, 111. 
54a 

Pontianak lllip6 nuts, Tl. 3ld 

- substitute, II. 119a 
Poppy seed oil, IV. 85d 
Populin, VI. 93d 
Populnin, Vi. 94a 
Porphin, III. 82c ; VI. 104 a 
Porphyrine, I. 263c 
Porphyrin in catalase, II. 422r 


593 

Porphyrins, 11. 206 ; HI. 

82d ; VI. 16lc 
— identification, ^'I. 164a 

- , metallic derivs., VI. 164a 

- synthesis. VI. 163a 
Porphyrite, HI. 32d 
Portland blast -lurnace cenieni, 

H. 145a 

- cement [see also Cement), 11. 

1 lOd 

- , Eisen-, 11. I ioh 

- set ling, 11. 2296 

- sftiiM', V. 32!>6 
Positron, j. 5 1 2d 

Potash, de(n. in fertilisers, V. 
826 

felspar fm' gla^sinakiug, V. 
5616 

Potassium aniimoinl tar- 
(rafe. 1. 1186 
iirgeiiloi'y.inide. III. JS7# 
barium ferroc) aiiiile, '111. 

1 7()r 

brornal e m Hour, II. 81 d 
(aliaimi feri'oo siniile, 111. 
470d 

carbide, H. 2S()r/ 

- carbonate for glassmaking, 

V. 56 la 

carbonyl, II. 3.57c 
rarboavlleiTorvaimle, HI. 
'1766 ‘ 

chloride m carnallile, H. 
390a 

cliTomale, HI. 1106 
eobaltinil rite, 1 1 1. 2196 
cv.’injite, 111. 5076 
c>anul(‘. III. 4846 
, detn. as Kt '!(>., 11. 584d ; 

V. 82c 

, . e(»haUmjti Jte inetiiod, V. 

83a 

in clay, III. 203c 
, volumetric, H. 6651? 

, - with 11. 584c 5 V. 'i> 

82d 

(Iicliroriiale, IH. 11 Oc 
. drop reaction, 1 1. ,581a 
feiTicyamde, HI. 176a 
lerrocyamde. 111. 1711/ 
fciTOus ferrocyanhle. IH. 
471c 

lluoboraU* (nahve)* 1* 560c 
hydrogen tarl rale, 1. 461d 
liyjioboi-ate. 11. 15d 
hypoi'lilorile, HI. 6 Ic 
Tiielasilieate in respii'.'itors, 
HI. 20c 

nitrate for gunpou'iler, IV. 
4556 

- ])erceric earhoriate, TI. 5I0d 
” Potassium perferrieyanidc,” 

111.477c 

Potassium, iiualitafive • re- 
aetioiLs, 11. 5.51c, .566a 

- '.rare met, i Is 
H. 556r, 504a 

salts as acceleratoi-s in 
cemeTit>s, 11. 131d 
— in huah salt,, H. 150d 
thiocarbonale in fumigants, 
H. 311a 

tliioeyanate, HI. 509a 

- vanadate in carnotite, 11. 

.392d 

Potato, Narnara, I. 497a 
Potentiometric titration, H. 
7f)2d, 70 Id, 7056 

- — I ijl^eipitation, 11. 705d 
Potlills, 1. 1786 
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694 


Pototondf building, 11 . IdSa 
“ PottarB* ore/' V^. 416d 
Potter's stone, VI. 1606 
Pottery, colouring {aee also 
Glazes and frits), II. 1916 ; 
111. 220a 


Poudro B, manufacture, IV. 
618a, 5266 

Poudrea Designollc, IV. 4766, 
488a 


Pourlxig of candlas, II. 265<! 
Pouaae, III. 127a 
Powder of Algaroth, 1. 4466, 
448a 

Powders, particle size, IV. 08a 
Pozzolanas. Pozzolanic ce- 
ments. 11. 145c 
" Pragmolin,*^ 1. 736 
Praseodymium, II. 5 lit; 

— in ceric oxide, II. 510a 
Pratensol, 111. 206r 
Pratol, 111. 206a 
“ Prayer Beads,” I. 4c 
Precipitation in analysis, II. 
5436 


Precipitin of blood, II. 226 
a//oPregnane, VI. 2776 
Prehnite, VI. 136d 
Prehnitene, III. 530a 
Premier jus, iV. 2536 
Preservation, f(x)d, V. 2906 
Preservatives, food, V, 296a 

— in butter {sue also Food pre- 

servatives), 11. 167d 
— , natural occurrence, V. 3066 

— of stone, II. 13t)d 
Pressure effect on compressi- 
bility and thermal ex- 
pansion of liquids, VI. 227a 

Priceite, II. 48c ; III. 278c 
Prill, I. 5256 
Prlmeverase, IV. 3146 
Primeverin, II. 3006 ; VI. 
94a 

I Primeverose, II. 2986 
Priming (explosive), IV. 485a 
Primula officinalis ; P. sjyp., VI. 
Old, 04a, 230c 

— spp. enzymes, V. dJOd 

, flavone from, V. 2576 

Prlmulaverin, 11. 3006 ; VI. 

94a 

Primulin, anthocyamn. 111. 
554c 

Primuline, dye, IV. 2256 
Printers ' iron liquor, I. 55a 
Printing, cylinder, IV. 170a 
— , roller, IV. 176a 

— rollers, hand-engraved, IV. 

176a 


— textiles, see Textile printing. 
Prlorite, II. lOc 
Prismatic powder, IV. 458d 
Pzsteaine, I. 16, 360a ; II. 
346 

ProesUose. II. 442d 
Producer-gas, II. 345a ; V. 
367c 


, ammonia recovery, V. 

373d 

blowers, V. 373a 

, cleaning and cooling, V. 

373a, 374d. 377a 

grates and plant, V. 3696 

in ammonia production, 

II. 424a 

Producers, gas-, revolving, V. 
. 370d 

Proflavine, antiseptioi I. <134 a ; 

IV. 306 J 


Progesterone, VI. 272c, 273a, 
2746 

Progressive burning powders, 

IV. 627o 

Prolamines, rice, 11. 4936 
Prolan A, Prolan B, VI. 266d 
Proline, 1. 686c 
Prom4th4e, IV. 545c 
" Prominal” 1. 623a 
Promoter action, VI. 259a, 
355c 

Promoters (flotation process), 

V. 263d 

Proof spirit, sp.gr. and deflni- 
tion, 1. 186a, 187a 
Propaesine, I. 3696 
Propane, heptachloro-, II. 3216 
epe/oPropane, anesthetic, I. 
367d 

Propenal, I. 136a 
epe/oPropene, 111. 533a 
Propene acid, 1. 137a 
— -ay-dicarboxylic acid, VI . 306 
p-Propenylanisole, 1. 371c 
Propenylbenzene, 3-niethoxy- 
4 -hydroxy-, IV. 397d 
Propiolaldehyde cthylaceUil, 
I. 366 

Propiolic acid from acetylene, 
I. 85a 

Propionates, qualitative re- 
actinii, II. 569d 

Propionic acid, a-amino-, I. 
172d 

, ^-amino-, I. 175a 

, a-amino-j9-thiol-. 111. 

511a 

, B - disulphide - a - amino, 

III. 510a 

Propionitrile, IV. 360a 
“ Proponal,'* I. 623a 
Propulsive strength test, IV. 
244c 

Propylacetal, I. 36a 
Propylacetoacetic acid, ethyl 
ester, 1. 64c 

isoPropylacetoacetic . arid, 
ethyl ester, 1. 64c 
£5oPropyl alcohol production, 
Jl. 420d 


4-Propylaniline, III. 458a 
Propylbenzene, n- and isu-, 
III. 456o 

Propyl carhmol, Jl. 1696 
Propylcupreine, III. 1616 
i5oPropylcupreine, III. 161c 
Propylene, y-bromo-, I. 257d 

— dichloride, T. 258a 

- from acetylene, I. 84d 
carbon suboxide, II. 352d 


“ Protective alkali.” VL 104d 
Protective colloids, 111. 287a 

— films on metals. III. 373c, 

3796, 892a 

” Protectyl ” antiseptic, IV. 25d 
Proteinase, II. 88c 
Frdteinases, IV. 315a 
Protein, Bence-Jones, and bone 
disease, 11. 28a 
— , casein, 11. 4126 

— - in catalase, llu 422c 
Proteins in feeding stuffs, IV. 

592a. 601d 

— , molecular weight, III. 2906 
— , rice, II. 4936 
Prothrombin in blood, II. 22c 
Protoactinium, 1. 13Qc 
Protocateebuie acid, action of 
arsenic acid on, II. 439a 

from brazilin, II. 68d 

butin, II. 158a 

Protocurarine, III., 4606 
Protocuridine s^d proto- 
curino, 111. 10Ofc 

Protobsmin, VI. Imd 
— , synthesis, VI. 16*a 
Protol process, V. 2-m 
ProtoparsdBn, II. 5G6d 
Protopine, II. 527d V. 388d 
Protoporphyrin, VJ.\l01d, 

— , relation t-o hasniin, VI. lOld 
Protoquinamicine, irl. 168d 
Prototropic changes, VI. 256c 
Protoveratrine, VJ. 200d 
Provitamin D, II. 2Uld 
Prulaurasin, I. 358a ; VI. 
946 

Prunase, IV. 283a 
Prunasin, 1. 358a ; VI. 946 
Prunetin, IV. 1896 ; V. 259d 
Prunetol c)r genislein, V. 259d 
Prunetrin, IV. 1 896 ; V. 259fZ 
Prunicyanin, 1. 449a ; 'VI. OOd 
Prunus amygdalis var. amara, 
var. dulciSf 1. 2r)»c, 260a 

— »pp., I. 452d ; 111. 550c ; VI. 

806, 046, 95a, d 
Przibramite, VT. 101a 
Pseudaconitine, I. 123a 
Pseudo-acids, VI. 256^ 

— -bases, VI. 256a 
Pseudochalcedonite, II. 5176 
Pseudocorycavine, 111. 402c 
Psicaine, I. 360a ; Til. 225d 
Psittacinite, III. 5606 
Psoralene, V. 171a 
Psychotrine, IV. 281o 

— o-meihyl ether, IV. 281a 
Psychrometer, Assmanij, VI. 

28.5(Z 


— oxide, y-chloro-, IV. 3196 

i5oPropylethylene, I. 364d 
n-Propylformal, I. 346 
isoPropylformal, I. 346 
isoPropylhydrocupreine hy- 
drochloride, III. 127d 
2-n-Propylpiperidine, III. 
325c 

Proscillaridin A, II. 387a ; 

VI. 946 

ProBOl, II. 4856 
Prostigmine, II. 200d 
Protalnulin, I. 197d 
Protaminase, IV. 315a 
" ProtargoW' antiseptic, IV. 26a 
Protease, II. 495d ; IV. 3136 
Protection of metals t^ainst 
corrosion, 111. 366c, 385c 
, paint and allied coat- 
ings for, 111. 3936 


— , sling, VI. 28.5d 
— , whirling, VI. 285d 
Ptychotis oil, I. 1 72a 
Puberulic acid, V. 56 
LPucherite, 1. 694o 
Pulas, II. 157d 
i5oPulegol, III. 192d 

— acetate, III. 1026 
Pulfrich photometer. III. 304d 
Pulp conditioners, V. 265d 
Pulq^ue, I. 165a 

Pulvts algarothit 1. 448a 

— angelicuB, I. 448a 

— CarthtLsianorumf I, 446c 
Pumice, I. 4c 

Pumps, high vacuum, 111. 605a 
— , measuring, for rayon spin- 
ning, V. 116d, 119a, 123c 
Punica granatumt IV. 258a ; VI. 
946 



Punicic acid, IV. 258a * 
Pumcin, VI. 945 
Purging nut oil, III. 46<Jc 
Purme, H. 1086 

0-ainino-, T. 1415; IT. 198fl 
2:C-diliydroxy-, II. 1985 

- , e-hydroxy-, II. 1985 
Purines in nuch‘otideR, II. 

2875 

Purple, Caledon Brilliant, 4ll, 
J. 4245, f2.m 

- copper-ore, IT. 82// 

of CassiuM, 11. 41 Dr; V. 
rd3r;VI.1225 * 

- the AnciciiU, VI. 4ri2r 
“ Purple, Perkin’s,’: I. 577c 
Purple, Holedon, 211, I. 4295 
' , Thiazole, III. 51 4d, 518c 
, Tyrian, I. 577r ; IT. 1(17// ; 
VI. 452c 

Purpurea gljcosule A, 11, VI. 
945. c 

Purpurin, 1. 2lHI/r, 212//, 223//. 
lU2c 

isoPurpurin, see Anthniiuir- 
purm. 

Purpurinamide, J. 2245 
Purpurin-3-carboxylic acid, 
V. 4 1 5c ■ 

, :j-chlor<i-, I. 2245 
-:i:S-clisulphonic acid, I. 2245 
-|{'nionosiili)honi(! acid, J. 
:1D05 

, 3-nilro-, 1. 392// 
triacetate, J. 2245 
Purpuroxanthin, 1. 212//, 229/' 
(lichloro-, 1. 221c 
Purrenone, purrone, VI. 421c 
Putrescine, II. 178c ; IV. 331// 
“ Pyoktanin” I. 548// j IV. 305 
Pyracomne, T. 121c 
Pyraconitine. 1. 121c, 122a 
“ Pyraltn:' U. 4435, 4805 
Pyramidone/' 1. 305a; VJ, 
300// 

Pyranoee sugars, 11. 282// 
Pyranthridone, 1. 400a 
Pyranthrone, discovery, syu- 
lliesis. 1. 4i:ic, 420// 

-- dyes, 1. 205c, 399c, 419// 
Pyrargyrite, J. 439// 

Pyrazme, 1. 5045, // 
Pyrazoleanthronte, 1. 109// 
Pvrazolediazonium saUs, ill. 
592a 

“ Pyricit ” disinfectant, IV. 22d 
PyridinearBonic acids, 1. 490a 
Pyridine as insecticide, IV'. 315 
-fl-car boxy diethylamide, II. 
2035 

coTiiplcxcs witli catccliol, II. 
II. 431a 

:j;4-(licarhoxylic acid, III. 

127// 

- jij fumigants, JJ. 344a 

- recovery from carliolic acid, 
11. 30 15 

reduction, II. 4275 

2:2 - and 2:4'-Pyridocarbo- 
cyanines, III. •722a 
2-Pyridone-6-arsonic acid, 
sodium salt, 1. 4905 
1 ' 3 -Pyriniidiiietetrone, 1. 
243// 

Pyrite, IV. 279// 
pmtes gnaes, punncntion, II. 
423c 

“ Pyrobor,” V. 5.59// 
Fhrroboric acid, II. 47a, d 
pyrocalciferol, II. 202a 


INDEX 

isoPyrocalciforol, 11. 202a 
Pyrocatacbol, I. 505</ ; JI. 
429r 

— from phenol, II. 307a 

— , methyl cetyl ether, IT. 510d 
Pyrochlore, III. 310a 
pyrogallol, antiseptic, iV. 29f 

— methyl ether, oxidation, II. 

440// 

— monoacetate, IV. 3945 
qualitative reactions, II. 

570c 

— , reagent, II. 078a 

Pyroglycerin, IV. 491// 
Pyroindaconitine, I. 12.3a 
Pyroligneous acid, pi^escrva- 
tive, V. 297a 

, produclioii, 1. 485; 11. 
310// 

Pyromellitic arid from clair- 
coal, 11. 3l0r 

Pyrometers, /‘oloiir hright- 
neSH, V. 21 1 5 
Pyromucic acid, V. 4 (Me 

— aldehyde, V. 4()0c 
Pyrope, V. 4295 
Pyrophorus, ITomherg’.s, I, 

290a 

Pyrophyllite, 1. Ul2r ; III. 
190a 

Pyropseudaconitine, I. 1235 
Pyrorthite, II. 5125 
“ Pyrosal,'* T. 735 
Pyrotachy sterol, It. 202a ' 

Pyroxylin lac/jucrH, II. 407// 
PyrroaBtioporphyrin, III. 82// 
Pyrroles, forTiiation from 
chloropi yll, 111. 835 
Pyrrolidine, 1. 315a 
/-Pyrrolidone - 2 - carboxylic 
acid, V'l. 335 

Pyrroporphyrin, 111. 82// 
Pyruvic acitl in muscle, VI. 7Uc 

— - from cereals, 11. 4875 

— - — m/mids, V. 50// 

- y/;ast, 11. 995 


Q 

uacahault. III. 230// 
uadridentate groujis. 111. 
329// 

Quartz, I. 4c 
— glaas, V. 005// 

■ le, 11. 5175 
ite, 1. 4c 
;-rock, I. 4c 

irachitol, VJ. 494c, 495// 
Queensland anowrool , ” I . 
4085 

letageiin, 1. 1015 
letagetmic acid, 101c 
letin, 111. 405a 
occurrence, J. 499a ; II. 
120c, 234/i, 4345 
Quercimeritrin, 111. 400a ; 
VI. 04c 

zsoQuercimeritrin, VI. 94c 
'^uercine, III. 2445 

tol, VI. 495d 
[tin, nee Quercetin. 
Ltol,d-,and /-.VI. 496a, 5 
Itidn, iaoquercitrin.^lll. 
405a, 406c ; VI. 94c 
Quercitron bark, III. 405a ; 
IV. 126c 

Quercus agilaps, IV. 276// ; V. 
417a 


Quercus epj/., cork from, 111. 
3655 

1 galls from, V. 425a, 420a 

— finrtoria, VI. 94c 
Quicksands, explanation, III. 
2925 

Quillaia aapotwria, VI. 94// 

Quill aia-saponin, VI. 94// 

“ Quina, ' Til. 1725 
Quinaldine from acetylene, I. 
Sir 

Quinaldinic acid, reagent, II. 
5S3c 

Quinalizarin, prepn., I. 213a, 
402c 

— , i>ropertieH, 1. 2205 

Quineuniclne, ill. 108d 
Quinaixiidine, 111. 1 08/2 
Quinaxnlne, 111. 128a, 160c, 
108c 

apoQuinamine, 111. 109a 
puJn/5oamyline, III. 101 c 
‘^Quinaphenin,'* 111. 33a 
Quinazocarbocyanine, lit. 

523tt 

Quinene, 111. 1385, Mid 
Quinethyline, 111. 1015 
Quinetum, 111. 109a 
Quinic acid. 111. 79// 

§ uinicine, 11 [. 128a, 170/2 
uinidine, 111. 128a, 152c, 

1095 

, acetyl-. 111, 1705 
a-isoQuinidine, III. llOd 
fSoapoQuinidine, 111. 170//, 

17Jc 

neozsoQuinidine, III. 171a 
puininal, Til. HOa, 178a 
Quinine, 111. 1280, 1725 
. acetyl-. 111. 174c 
, beiiaoyl-, 111. 174r 
, a-hroinohydro-, III. 1755 
- caThophenetidine, HI. 33a 
■- diethylbarbituratc, III. 33a 
- ethyl carbonate, IV. 4€1(/ ** 

formate, 111. 33ti 
idiosyncrasy, 111. ]70o 
urea, III. 1375 
urethane, 111. 1375 
cp/Quinine, III. 128a 
/soQuinine, 111. 173a, 175/i 
isoapoQuinine, III. 170// 
pscuz/oQuinine, 111. 175// 
Quininic acid, 111. 13Sa, 144a, 
1785 

, Hynthesis, HI. 144a 

Quininbne, Hi. 1385, 177c 
Quinisal/' III. 174a 
“Quinisan," 111. I74a 
Quinizarin, J. 212//, 220//, 

402c 

dibromo-, 1. 221c 
ruO-zlichloro-, 1. 221// 

5:8- and 6:7-dichloro-, I. 
221 // 

2-mli-o-, J. 221c, 392c 
relationsliipB, I. 2<)6c 
— -2-Hijlphomc acid, 1. 221c, 
457c 

" Qi^odine," 111. 101// 

■' Quinoform” HI. 174a 
Quinoidine,” HI. 102a, 169c, 
178// 

Quinol, VI. 399a 

4 -carboxylic acid, VI, 202a 

— dimethyl ether, IV. 6d 
~ , hydroxy-, VI. 404// 
Quinoline, 8-hydroxy-, re- 
see Oxine. 

— , -i* salicylic ester, I. 171c/ 
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QuinolineBulphonlc acid, 
iodo -hydroxy-, III. 33d 

, iodoxy-, I. 370a 

Qiiinoline-5-Bulphonic acid, 
8-hydroxy-, III. 33d 
Quinonea, compounds with 
maleic anhydride, 11. 1636 
Quihonoid theory of colour, 
111. 308d 

— structure, o- and p-, T. 570d 

Qulnophan, 111. 85a 
~QuinosoI," III. 33d 
Quinotoxine, Ilf. 128a, 170d 
” Quinotropin,” 111. 33d 
Quinovatine, III. 151c 
Quinovoae, II. 287c ; IV. 321a 
Quinoxalinea, 1. 31116, 563d, 


505c 

— , diamino-, 1. 3106 
— , dihydroxy-, 1. 3106 
Quim'sopropyline, III. 1016 
Quinuclidine, 111. 1 1 1 d 
Quitemdine, III. 130d, 1726 
Quitenine, III. 34a, 130d, 


178tt 

‘Quitenol,” 111. 1786 


Racemiaation, rule, VI. 2.576 
Rackarock and rackarock 
special, IV. 4056, 545c 
Radium in caniotite, II. 393a 
Radix liquiriliai, VI. 916 

— aaraaparillm, VI. 95c 
Raflla, V. 1086 
RalRnaae, V. 9d 
Rafliuoae, 11. 2826, 3()lc 
— , colour reaction, II. 3006 

— , hydrolysis, 11. 299r ; VI. 
395c 

ri, II. 482d, 488d 
I uliimcs, 11. 090a 
* Raiain-aoed oil, U.-pip oil, VT. 

130c 

Ramie (China grass), IT. d016; 
111. 31c; V. 1036 

— fibres, X-ray diagivim, II. 

301c 

Ramaden’a membi-uiies, IV. 
285a 

Randannite, JJI. 578d 
" Raney nickel,” V^l. I8ld 
Raoult^a law of viipour pres- 
sures, IV. 3flc, 47d, 486 
Raphia a/ip., V. 108a 
” Rapid fa.st ” colours in azoic 
dyes, IV. 233a 

" Rapidogen ” azoic dyes, IV. 
2336 

Raaeneiaenatein, II. 20a 
Raaprite, JI. 40a, 49a 
— , Dorax manufacture from, II. 
40d 

Rast freezing-point methcHl, 
III. 413c 
Rati, 1. 4c 

Rata, fumigation against, V. 

3»4c, 395a 
Ravenelin, V. 55d 
X-Ray contrast media, I.« 4c ; 
VI. 464a 

— photography, II. 4516 
Rayon {ace also Artificial silk), 

V. 112a, 114a 
— , animalised, IV. 125c 

— cake treatment, V. 12 lo 

— , cellulose acetate, II. f64d ; 
V. 1136 ) 


V. 

V. 


Rayon, Chardonnet nitrate, 
11.4646 ; V. 113a, 114d 
— , continuous production, V. 
126d 

— crfino fabrics, V. 121d 

, delustring or matting, V. 
^02a 

— dyeing, IV. 124c, 137c 
printing on, 1V^ 187d 

Rayona, breaking strength and 
extensihilily, V. 130c 

— coloured in the spinning 

mass, IV. 1396 
— . elasticity, V. 132c 

— fixing acid dyes, V. 128c 
— , identification, V. 1336 
Rayon spinning devices, 

llOd, 117a, 119a, 123c 

- staple libres, IV. 125a ; 

1 1.3c, 127c, 131 d 
Rayona, stretch spinning, acc 
Strcleh-sjii rilling of rayon. 
— , structure, V. 12Sc, 130fl 
— , vet strength, V. 131a 
Rayon, viscose, chain length, 
11. 301d 

— with reduced lastre, V. 12 He 

— yarns, c;ontinuous filament, 

V. 1126 

Reaction, see also Catalysis ; 
Catalysts ; Esterification, 
catalytic; Ueuction.s, hetero- 
geneous. 

Reaction cnei’gies, hetero- 
genous and homogeneous, 
compared, VI. 2126 

— kinetics, 11. 5,S3a 
Reactiona, exchange, VI. 219d 

, lietcrogenooua (m* also Ad- 
sorption ; (-atfi]y.sis , Hy- 
drogenation), VI. 2076 
, — , activated adsorplion in, 

VI. 2146 

, activation cneigy, VI. 
2106, 2136 

, — and houiogctious, com- 
pared, VI. 21 Jd 
— , at gas-liquid inlei'faces, 

VI. 219c 

, — , — liquid-liquid iutor- 
faeus, VI. 2226 

— solid-liquid inter- 
face.s, VI. 2156, 217a 

, — , — solid-solid interfaces, 

VJ. 2236 

— the interface, VI. 
221c 

- , hasc-excliange, VI. 2186, 
219a 

— , capacity, V 1 . 2 19a 

— , tniuolecular processes, 
VI. 209a, 2l2o 

, — , catalysts, massive and 
colloidal, VI. 216c 
, chemisorpt ion, VI. 2146 
, distribution equilibria, 
VI. 2226 

— , induction period, 

2236 

— , inhomogeneity of 
faces, VI. 2116 
, — , kinetic velocities, 

214a 

, — , liquid phase, VI. 222c 
— , mineral exchangers, VI. 
2196 

, — , of isotopic molecules, 
VI.. 213d 

, — , rate-controlling pro- 

cesses, VI. 215c, 2l0d 


VI. 


VI. 


Reactions, heterogeneous, on 
saturated surfaces, V. 211a 
— , — , order, VI, 2106 
— , — , temperature coefficient 
(see also Reaction velocity), 
VI. 2106 

— , tunnel effect, VJ. 214c 
, unimolecular, VI. 208o, 
210a 

, — , velocities (see also Re- 
action velocfty), VI. 2136 
— , — , zero-point energy, VI. 
214 c 

— high pressure, VI. 226c 

— , polymerisations in, 

VI. 229d 

, velocity constants, 

VJ. 2286 

Reaction, s])outanoous, VI. 
2 I2r, 255d 

— velocity, fiimolecular (see 

also llca(;t'ions, hctcro- 
gi'Tieous), 11. 5 j2c 
, temiiurat lire I effect (see 
also Rcaciioiu, hetero- 
geneous), 11. 53ba 
, tniuolecular, 533a 

— " , unimolecular, ll. 530a 

Realgar, I. 468c \ 

“ Rectidon” 1. 023a \ 

Red. Algol. RTK, I. 420c, 
232d 

— , Alizarin, 1. 206a 
-, -,S, WS, 3WS, 1. 220d, 
2306 

, Antimnny, J. 439d 
Ar(;liil, IV. 207a 

- argol, 1. 46 Id 

hark (cinchona), HI, i28d 
, cacao, 11. 188a 
Cadmium, TJ. 1946 
, Caledon, RN, EF, 5(1, X5B, 
T. 4176, 4166 
, — , C(T, I. 4276 
(’olliton Fast, R, 1. 42a 
— , R, I. 416 
— , Chica, I. 381d ; II. 276c i 
111. 286 

Cliinese, I. 550a ; 111. 1136 ; 
VI. 126 

— , Chrome, HI. 113a 
“, Ciba Lake, B, VI. 451a 
Cibanonc* 4H, T. 417a 
Cobalt, 111. 219c 
Congo, IV. 126, 1926, 217c 
— , — , indicator, H. 639d 
Derby, I. 550a ; HI. 1136 
— , Dispersol Fast, R, I. 41tt, 
42a 

Reddle, VJ. 161a 
Red, lOrweco Acid Alizarin, BS, 
1. 230a 

Etliyl, HI. 5156 
— , Indanthrenc, BN, G and R, 
1. 3966, 414c, 4006, 420a 
— , lonamine, KA, I. 40c 

- iron-froth, VI. 161a 

— liquor, I. 54a, 292d 

Magdala^ I, 575d, 577a 
Neutral, I. 5^69c 
Nitrosamine, HI. 5976 
oil, VI. 1356 
J‘ara. IV. 102d 
Peachwood-, H. 74c 
Persian, HI. 1136 
Redruthite, H. 517d 
Red, Sensitol, HI. 516c 

— silver ore, I. 439d 

— , Solway Rubinol, B, I. 400d 

— -stringy-bark, IV. 391a 
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Red, Toluylene, 1. 

» Turkfty, calico printing, T. 
203c; IV, 181r, 184rf 
Heductase, V. 23c 
Red, Victoria, III. 1136 

- Violet, Caledon, 2KN, UllN, 

I. 4176, d 

- wnrc, VI. 86 

-- Water bark, IV. 335d 
Refection, 1. .ISld 

Reformatsky reaction, II, 3006 
Refraction and dispei*sion 
formula, V. 54fla, 007d 
Refractive index of ga.ses, II. 
0876 

Refractories, crilalylie arlion 
on nioth.'ine, II. 3iod 
Refractory, cnrhornnduin as, 
n. 300c 

Refrax, 11. 30 In 
Refrigerant, cnrbon dioxide as, 
iT. 320c 

Refrigerants, 11. 1736 
" Regipyrin” I. .‘)17d 
Regulus (copper), ncc Malle. 

- of Venus (antiniony ), 1. 1 lOa 
Reichardtite, IV. 3216 
Reichert-Meissl ^.alue of 

butter, II. 10r>n 

cacao butti'r, 11. 

1856 

Reinecke’s suit, 111. 1 1.56 
Reinsch test, I. 4716 
Reiss te.st, IV. 517d 
“ Renalina" I. 1 47d 
Rennet precipitation, II. tb'bi', 
52rff/ 

Rennin, IV. 315d 
Reppmann t-e^st , 1. 4 7 1 e 
Res acetophenone, II. 1586 ; 
VI. 3l)t)d 

Reserve styles in textile ])rin(- 
mg, IV. IS.'W 

Resin, lliphgate. Vt. 220r 
, Judinn hemp, VI. 422c 
Resins, svntlietir, acetalde- 
hyde, r. 2Ufi 

— , — , acetylene deiivs., I. 87c 
, /a-crestil, JJ I. J27d 

- , , libres, V. 1 136, 12 Id 

, ha-inaldehyde-iilieiiol, L 
la ; V. 3226 

. in base - exchange re- 
;i cl ions, VT. 2186 

- . lacquei*s, II. 4 72d 

. . photopraphic Ijlni, 

ri. 4 18a 

, — , urea-foriii.'ildehyde, If. 
1776 

— .vinyl (lerivs., 1. S7r‘, 

!)()c, 03c 

Resin test ,1 1 8 1 a 
Resist st vies in text ile printing, 

IV. 18.3d 

Resonance hybrid, VJ. 257« 

. - of hydrogen, IV. 274 r 
Resorcinol, antiseptic, IV. 2ric 

.colour ivaction with jini- 

loses, 11. 2876 
- from brazilin, II. H8d 

butin, Ih 158a 

_ — phenol, 11. 307ft 
— , re;iction wutli caramel, 11. 
277a 

trinitro-, IV. .5426 
, lead salt, IV. 542c 
Resorcinyl monoacetaie, IV. 
40ld 

fl-rResorcylic acid from brazi- 

lein>.II. 0Oo 


Bespiratora, 111. 18ci 
charcoal in, II. 3206 
— , industrial. III. lOd 
Respiratory fennent, iron In, 
IT. 422c 

Retene, I. Id, 26; II. 2016; 

V. IGOd 

— , hydixi-deiivs., 1. Iri, 2c 
Retentivity of charcoal, 11. 
318ft 

Reticulin, VJ. 216 
Rotonation in gasc'oiis ex- 
plosions, IV. 13 Id 
Retort carbon, V. |.53rt 
Retting, dew, tank, water, and 
cheinical, 150d 

- , of linen. J I. 1 la 
Rdiiniol, 111. 102c ; V. 5106 
Revdanskite, 130ft 
Revertose, II. 200ft 
Rhamnase, IT. 200d ; IV. 3116 
Rhamnazin, VI. Old 
Rhamnetln, I. 102ft ; 1 1. 12nc 
isoRhamnetin, I. lOOa ; Ilf, 

2(lflft 

Rhamnicoside, VI. old 
Rhamnicosin, sugar in, II. 
3006 

Rhamninose. II. .‘0116 
Rhamnocathartin, 11. 120r 
Rhamnol, II. 11 In 
Rhennnose in cartliac gU- 
cosidi's, II. 381 c 
/-Rhamnose, 11. 287c 
Rhamnosides in (Uisamt 
saynfdii. 11. 410</ 
Rhaxrmoxajithol, JJ. 1 20c 
Rhamnus olalernus, f{. infer- 
ior} us, I{. jupoiiirn, 1. 559d, 

560ft ; VI, 00c, OSft 

- rathurtirKs, 111. ,5506; VI. 

Old 

- fmnfftda, I. 108«; V. 32Sd ; 

\'I. S8« 

Rhatanine, 1 . 37 1 d : X. 5 1 7 a 
Rhea (j 9 cc also H.imn'), HI. 31c ; 
V. 103c 

Rhein. T. 22rul 

Rhenium, deln., gravimetric, 
II. OlOd 

, vnJumetric, JJ. 00.5d 
. qualitative react ic»ns, IJ. 
554 d, 5506, 577d 
Rheonine, 1. 13:j6 
Rheopexy, III. 202ft 
Rheum rmoOi^ cugenol from, 

IV. 304d 

Rhinanthin, J. 517c 
Rhizocaline, VI. 138r 
Rhizopus »pp. in fenncnl ations, 

V. 506, 51 ft 
Rhodallin, 1. 2506 
Rhodanilic acid, 1. 3106 
Rhodeose, rliodeitol, 11. 287c ; 

A'. 330c 

Rhodiaseta"" rayon, I. 30c 
Rhodinal, 111. 101c 
Rhodine, 111. 77a 
RhocUnol, 111, 102c ; V. 5106 
Rhodites rosm^ V. 420r 
Rhodium, dotn., elect rodepo- 
sition. II. 702a 
, gravimetric, II. 01 4c 
— , eJcctrodopOHition, IV. 2006 
— , qualit,a.tive reactions, II. 

654d, 556d,.560c, 57Rc 
Rhodizite, I. 264d, 6856 
Rhodoid, II. 4806 
Rhodolite, V. 429c 
Rhodophane, 11. 4806 
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Rhodophyceae, 1. 2006 
Rhodoporphyrin, 111. 82d 
Rhodoviolascin, II. 401d 
Rhodoxanthin, 11. 101 a 
Rhodymenia palmata, I. 1006, 
200c; VI. 8H« 

Rhus cot inns, R. Hpp.,* VI. 
886, 026 

— glabra^ /^. Hcmialaia^ V. 426c ; 

VI. OOd 

Rihes grosHutaria, R. spp., HI. 
401r ; VI. 124d 

— snng'uinrum, J. llOa 
d'-Rlbodesose, in nucleic a rids, 

IJ. 2886 

Ribose in caniine, 11. 3(11 a 
d-Ribose, II. 2876 
Rice, 11. 480c 

— , liulling, 11. 100c 

silver husk, s. skin, 11. 503c 
Ricin, Jl. 4206 
Ricinine, TI. 4206 
Ricinoleic acid, glycerides, ]I. 
42lft 

- in ergot, JV. 331 r 
J^icinus commv?iin, IV, 87a 
Rideal-Walker coefllcicnt, IV. 
32ft 

Riebeckite, 1. 400d 
Riffle sampler, I, 51 8d 
Rifleite, IV. 530fj. 

Rigan colourH, IV. 234a 
Rigmel process. V. I03d 
Ring frame spinning, V. 1506 
Rionite, IV. 500d 
Ripeness of dough, II. 7,56 
Ritter-Kellner pul[i, 11. 40 Id 
‘*Rivanol,** i. 1 34a 
Robinia psrudaraeia^ I. 11c, 
126.; Ill, 556a; VJ. Old, 
06c 

Robinin, HI. 556c ; VI. Old 
Robinose, II. 3016 
Robinoside, VI. Odd 
Robison ester, V. 22a 
Rocella, III. 450a 
Rochette process, I. 2086 
Rock .'iiialysis, alkalis in, TI. 
58.5c 

“ Rockingham ’’ pottery, VJ. 
86 

Rock-salt, 1. 500d; VI. 1736 
in expiTimenta on radi- 
ant Jieat, Vf. 173c 
** Rodiaseta,” sre “ Rhodias^fa.'* 
Roirant suction macliino for 
gliitfKW’are, V. 587 
Romamte, J. .302d 
“ Rongalite C,” V. 320r 
“ Rongalite special,'" I. 575d 
Root crojiH, JH. 432a 
- knot, V. J.30a 
Rosa grass oil, V. 517a • ■ 

Rose Uerigale, IV. 3 1 6c 

— -geranium oil, V. 510a 
Roseol, 111. 102c 
Rose-ore, V. .510c 
Rose’s metal, I. OOfic 
Rosin, I. 3c ; HI. 2046 

- ' in lacquers, II. 469d 
Rosinduline, I. 5706 
i^oRosinduline, I. 575d 
Rosolane, I. 577c 
Rosterite, I. 084c 
Rotenone, III. 5506 
Rotherham test, IV. 663d, 
555a 

Rot |4eef>ing, in cotton bleach- 
jig, II. 56 

Rou^ flamb6, VI. 126 
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Rouznanite, I. 302(f 
HR alloys, I. 2526, 277a 
Rubane, 111. 14Ga 
Rubanol, 111. 140c; 

Rubanone, 111. 1406 
Rubatozana, 1X1. 140a 
Rubatoxanone, III. 1406 
Rubber, carbon disiilphido sol- 
vent, 11. 342c 
— , carbon in, II. 3 1 3a 
— , colouring, II. 1946 
— , electrodeposition, IV. 272d 

- in casein agglomerate's, II. 

4156 

- latex, IV. 301c 

- seed oil, IV. SOc 

- - .substitutes (wc aho (Miloro- 

]>reiie, DiiTuenr, Suvo- 
preiie), 1. 03c 

- — , use of candlenut ciil in, 

II. 203a 

— , synthetic, I. 306 ; II. I.i3c/ 
RuberyUiric acid, V. 410c ; 
VI. Old 

in chay root, II. 523r/ 

Rubiaclin, V. 415d 

- primeveroside, V. 416c 
Ruhia tinciorwn, B. spp., 1 1 

2336; VI. 4 J Tic 

Rubichloric acid in chay root, 
11. 523d 

Rubidium as trace element, 1. 
5L0a 

— , dotn., gravimetric, II. HSTja 

- ' in carnallitc, II. 39(ia 

— , qualitative reactions, II. 

550c, 504a, 500ffl 
Rubiee, artificial, 111. 3006 ; 
V. 511d 

— , imitation, V. 6 1 3d 
— , reconstructed, V. 51 Id 
Rubijervine, Vl. 200c 
Rubime acid, 11. 4386 
c Rubin number, III. 287c 
Rubizanthin, II. 3t0)r 
Rubreserine, II. 1906 
Rubrobrassicin, II. 1836 
Rubrocyanine, III. 517c 
Rubus fniticosua, II. la, 11 9a 
Ruby, I. 240c ; 111. 308d 
— , chromium in, III. 906 
R\^yl chloride, ITT. 140c 
“ Ri&y, OriehlAl,” V. 513d 
“Ruby, Siberian,” V. 513d 
Ruddle, VI. 101a 
Rudge tube in bleaching 
powder production, 111. 
02a 

Rufiania acid, I. 457c 
Ruil-condensation, T. 400d 
Ruflgfallic acid, aee lliifigallol. 
Rufigallol, 1. 213a, 227c 
Ruffopin, I. 213a, 2206 
Rumanit, 1. 302d 
Rumpil acid, 1. 058c 
Rust, black, V. 13J>a, 

Ruatii^ of iron, III. 3716, 382a, 

Rutacarpine, IV. 415c 
Ruthenium (;arbonyl, II. 357a 
— f detn., 11. 613c • 

qualitative reactions, II. 
554d, 550d, 5786 
Rutile, I. 370o ; II. 3936 ; IV. 
270d 

Rutin, VI. 95a, 98a 
— , sugar in, II. 300c 
Rutinoae, 11. 2086, 3(M)c k III. 

V “ 

* • 


s 

Sabanejev'a base, 1. 1016 
Sabaphosphinea O, GG, 1. 132d 
Sabatier and Senderen’s pro- 
cess, VI. 177d 

Sabinene in cardamoms, II. 
381a 

Sabinol, carvenol from, II. 
404d 

SabuUte, IV. 4046, ,5.56a 
Saccharic acid, II. 2H.5c, 298a 
Saccharin, antiseptic action, 
IV. 28d 

Saccharomyces cereviacc,, II. 97a 
— ellipaoidPUH for glycerin pro- 
duction, VI. 41c 

— fipp-i effect on fusel oil com- 

position, V. 407c 

— ihcobroina. III. 231c 
Safflower oil, 1 V. 806 
Saffron, components, 111. 428c 
Salranine, I. .5706 

— 14. T, I. 5736, 570d 
Safranines, apo- snd iho-, I. 

.504o 

Safranols, 1. .570c 
Safranone, 1. 571a 
Safrole in camphor oil, II. 2406 
Sagakuchi reaction, VI. 1406 
Sa5 cloth, V. I9.5d 
St. Gohain method, V. 706 
St. Helen's Powder, 1, 32tlc 
” St. John’s bread,” I. 058d 
Sak4 ferment jitvon, V. 506 
Sakuranin, VI. 95a 
“ Salacetol,” I. 51 7d 
Salad oii, IV. 2.52c 
Sat rtmmoiiiar^ I. 351d 
“ Salaspin," 1. 51 7d 
“ Salbromin,*' II. 11 86 
“ Salcetin," I. r)17d 
Salep-mannan, II. 302d 
Salicin, VI. 05a 
Salicinerin, VI. 93c 
Salicylaldehyde in cassia oil, 
JI. 418d 

— , oxidation, II. 430c 
Salicylaldoxime, TI. 5866 
Salicylates, qualitative re- 
actions, II. 5706 
Salicylic acid, acetyl-, I. 119d, 
51 7d 

, — , calcium salt, I. 370a, 

51 7d 

antiseptic, IV. 28d 

formation, II. 3616 

, — , from phenol, II. 307a 

- in butter, II, 168a 

food, detection and 

detn., V. 303c 

— a-riaphthyl ester, 1. 202d 

production, II. 32(io 

, salicoyl-, IV. 10c 

, synthesis, 11. 3046 

Salinigrin, VT. 9.3c 
Salireposide, VI. 956 
Salix cinerca^ S, helix, VI. 
93d, 05o 

Salmenic acid, I. 532c 
“ Salmesterr IV. 3336 
Salmine, 1. 459r 
Salmon oil, V. 229a 
Salol, II. 3076 ; IV. 20a 
“ Salophen” II. 516d ; IV. 29a 
Sal aedativum, II. 34d 
Salsola kali, S. soda, II. 3a ; 
1. 630d 

Salsolino, methylation, II. 
390d 


Salt as preservative, V, 302o 
Saltcake for glassmaking, V. 

560c • 

Salt dyes, IV. 127a 
— effect in catalysed reactions, 
VI. 2436 

, primary and secondary, 

VI. 2466, 247a, 394d, 39fld 
Salting out, HI. 2866 
Saltpetre, 11. 2d^ 

“ Saltpetre rot,” II. 222c 
Salts, effect on concrete, II. 
I486 

“ Salufer " disinfectant, IV. 22d 
“ Saluarsan 606 ” I. 408c, 4806, 
4016 

Salvia htapanica, S. patens, S. 
splvnclcns, IV. 866 ; 111. 
5r)3d ; VI. 02a 


Salvianin, VI. 02a 
Sal-volatile, I. 351c 
Samarium, H. .51 U' 
Samarskite, 11. blld ; IV. 

245c, 321c \ 

Samhucicyanin, IM. 200a 
Samhucin, IV. 260d ; V'l. 056 
Sambucine, ]V\ 200b 
Sambucus nigra, S. Vpjf; VI. 

9.56; JV. 259d \ 

Sambunigrin, I. So^a ; IV. 

2006 ; VI. 956 ' 

Samiresite, 1. 085c 
Samite, T. 4a 
Sammetblende, VI. 101a 
Saiximeterz, VI. I Ola 
Samna, Ji. 108c 
Sampling for analysLs, 1. 5186 ; 
II. 541 d 

Samsonite, JV. 5540 
Samsu, II. 490a 
Sanchez - Velio gJos^s tube 
drawing machine, V. 680d, 
59 la 


Sandalwood oil, II. 188d 
Sand and other silicious matter, 
determination, IV. 603c 
Sandarac in lacquers. II. 409a 

— resin, IT. 234d 
Sandbergerite, IV. 590d 
Sand-blast, 1. 4c 

— bomb test, IV. 648d 
Sander’s extractor, IV. 5B3a 
Sanderswood, II. 2346, 200c 
Sand for glassmaking, V. 568c 

-lime bricks, II. 148d 
Sandmeyer reaction, II. 370a ; 
III. 5866 


“ Sandoptal,” I. 023a 
Sand-paper, I. 46 « 

Sandstone, I. 46 ; II. 137d 
— , building, II. 137c 
— , flexible, II. 138a 
Sanforising, V. 193c 
JjSaniourche method, V. 706 
Sang de Boeuf, VI. 126 
Sanguinaria, tincture, II. 529d 
Sanguinarine, II. 527d 
“ Sanitas " disinfectant, IV. 316 
“ Sanocrysin:^ VI. 117d, 119a 
“ Sanoscent ” disinfectant, IV. 


31a 

Sansevieria app,, V. 1686 
Santal, I. 050c 

Santabn in sandetewood, II. 
234d 

i5oSantalin, acetyl-, II. 200d 
— in camwood, 11. 260o 
Santalol, 1. 466a 
Santalone, I. 650d 
Santalyl carbonate, 11. 19a 
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Santene formntion, H. 240c 
Santol, I. eSOd 

Santonin, 7*hydroxy’, I. 407a 
Saponalbin, YI. 806 
•^aponona off., VI. 96c 
Saponarin, VI. 06c 
Saponin, calendula, II. 2346 
— , aapinduB, VI. 956 
Saponins, VI. 83c 
in (Jig:italia, II. 384o 

mineral waters, 1. 158a 

, saccharidtsfl in, II. 3016 
Sapotaces, seed oils, I. 665a 
Sapotalin, I. 1 flOc 
Sappan. II. 1956 
liquor, If. 74c 
- Avood, II. OHa 
Sapphire, I. 264c ; ML 39.Sf/ 
Sapphires, articial, V. .512t/ 
Sapphire, white, V. 6i2c, 514a, 
5206 

Sapucaia nuts, II. Old. foot- 
Motu 

Sarawak llhpe nuts, IT. .32a 
Sard, 11, 5176 
Sardine oil, V. 227ty 
Sarmentocymarin, IT. 3vS(i6 ; 
VI. oric 

Sarmentogenin, 11. 3H66 
Sarmentose, II. 38 Id, .3866 ; 

III. 5.386 

Sarsaparilla root , VI. 86c 
Sarsapogenin (pari^enin), VI. 
95c 


Sarsaponin, Vi. 95c 
‘ Sashalite ” bulb, V. 251c 
Sassolite, 11. 356 ; V. 606 
‘ Satinite,” V^l. 160c 
Satin-spar, II. 2326 ; VI. J59c 
Saturation coefficient^ of 
masonry, II. 1.3flc 
Sauerkraut, Jl. 183c 
Saugschiefer, III. 579d 
Saveall of vacuum pans, IV. 
4066 

Savoy cabbajife, TI. ]82f/ 
Sawarri lat, II. 168d 
Saxonia sporting powder, IV. 
5196 


Saxonite, IV. 553c 
Scammonia, VI. 00c 
Scammonin, VI. 90c 
Scaznnose, IT. 3016 
Scandia, Tl. 4806 
Scandium, tl. 511c 

dctn., gravimetric, II. 5946 
— , (lualiLaiivo reactions, II. 

5856, 5606, 5626, 508c 
Scarlet, Acridine, J, I. 132d 
R, 2U, 3R, 1. 1326 
Algol, and Algol .Hc.irlut 0, 

I. 232d, 4166 
, Azine, I 577a 
, Bicbrich, It., Modiciiial, I. 
6886 

, Chrome, 111. 11 3r 
, (Irelauone, I. 41.5c 
, Indanthreiie, 2G, I. 427d 
, Induliric, I. 574«;, 57.5^ 

- lied, I. 6886 
Scatole in civet, 111. 1046 
Schachert's extratdor, IV. 
5866 


Sch&fler acid, IV. 209d 
Sch^ppe silk, IV. 124a 
Schardinger enzyme, III. 5536 
ScheeUte, 11. 509c ; V. 173o 
Schoiher'» oil, see Synouryn. 
Scbeibler'B extractor, IV. 
579c, 580c 


^ lamp, IV. 276 
Schifl*Bl>ase6, VI. 4156 
Schimose, explosive, IV. 476d 
Sohlempe cyanide process, III. 
4646 

Schlieren photography, IV. 
4336 

Schlippe'B salt, 1. 416r, 447a 
Schloaing - Schulze - Tie - 
znann, nitrate detn,, II. 
688d 

Schnapps, V. .5326 
“ Schnfideriter IV. 474d 
Schoepite, I. 0616 
Schotten-Baumann rc/iction, 

II. 372c 

Schou’fi oil, TV. 2H.5c 
Schreinering. V. 188c 
Schuckert c('ll. III. 05d 
Schultze smokeless powder, 

IV. 517f/ 

— sporting powder, TV. 5106 _ 
Schulze and vuii RHUipach'» 
extractor, TV. 57 Sa 
Schwartz oven, IJ. 3116 
Schwarz extractor, 1A\ 585c 
Schwazite, IV. 500f/ 
SchwefelspiesBglanz, 1. 4466 
Schweizer's reagent, II. 1636 ; 

III. 35.5a 

SciUabiose, IT. .38ld, 387a 
a-Scillanic acid, II. 383fl 
Scillaren, IT. 387a ; VI. 05c 
Scillarenase. TT. 3H7a 
Scillaridin A. IT. 382a, 383a 
Sclererythrin, IV. 332r 
SclerocryBt£Qlin, IV. 332d 
Scombrine, 1. 450c 
( -Scopolamine hy d ro broin i 1 1 e , 
TV, 405a 

Scopoletin, TII. 1206 
Scopolin, T. lOOc ; III. 413a 
VI. 05c 

Scorodose, V. 4206 
Scotch pebTdes, 1. 164c 
Scour in cotton bleacliLng, IT. 
3d 

Scouring of loo.sc-wool, Tl. 
12c 

Scurf or retort carbon, V. 453a 
“ Scuroform,” J. 3696 
Scutching of linen, 11. 11a 

textiles, II. 401c 

Scutellareinidine, IT. 275d 
Scutellaria »pp; J. 58.5d ; VI. 
95d 

Scutellarin, VI. 05d 
Scyllitol, III. 2446 ; VI. 405d 
Scythe-stones, T. 4c 
S.D.O. (synthetic drying oil), 
I, 006 ; IV, 8ld, 876 
Seailles process, J. 2686 
Secale cerealr, S. cornuium, IV. 
326d ’ 

SecaleaminoBulphonic acid, 

IV. .332c 

Secretin, VT. 268r 
Sedanolide, II. 44 1 r 
Sedanonic acid, Tl. 441c 
Sedimentation, 111. 200a 
— of starch, 11. 3026 
~ “ potential, III. 283d 
Sedoheptoae, II. 280d 
Seed extraction by trichloro- 
ethylene, I. 1036 
Seek oil, VI. 135c 
Seeth water, VI. 4306 
SehU, 111. 222c 
Selacholeic acid. 111. 2476 
Seladonlta, VI. 136a 


jttm 


Sslenacyziiinas, aeltmacarho- 
cyaninee, selena-2^'cyaiiiue8 
and aelena-d'-cyaninee. 111. 
520c 

SelenatM, qualitative re - 

actions, IL 575a 
SelenazolinocarboGyankiss, 
111. 522a 

Selenides, qualitative re - 

actions, llT 576a 
SelenioiiB acid, detn., volu- 
metric, II. 605d 
Selenite, II. 2326 ; VI. 159o 
Selenites, qualitative reactions, 

II. 575a 

Selenium ns trace element, I. 
5106 

detn.. gravimetric, II. 608d 
— , — , micro -method, II. 682d 
elemental, detn., volu- 
niclric, 11. 666o 
— , — , identiOcation, II. 575a 
-- lu pigment manufacture, II. 
1046 

— , qualitative reactions, II. 

r>54fl, 5r»Bd 

Selinene frfmi eudcsmol, IV. 
303a 

--- in celery oil. II. 441c 
Selinenol, IV. 393a 
Seltzer whaler, I. 156a 
" Selvadinr IT. 432d 
Semicarbazide, VJ. 2006 
Semicarbazones, I. 105c ; VI. 
200c 

Semi-)3-carotenone, II. 8056, 
3006 

Semi-coke, V. 30 Id 

— - — for waler-gns produc- 

liqn, V. 5016 

Semidine rearrangement, IV. 
116 

Semioxamazide, VI. 3006 
Sempervine and semporvirin^ 

V. 5I0c 

Senarmontite, I. 439d, 440a 
Sensihamine, JV. 32 7d 
Sensitisation of sols, III. 287a 
" SensitoV colours, 111. 6156 
“ Sense,” IT. 3886 
Sepeuration by crystallization, 

III. 447d 

Septacrol, I. 134a 
Septanose sugars, 11. 2B2d 
Septentrionaline, 1. 123c 
Sequnyitol, 11. 32c 
*' Seraceta,"* I. 39c 
Serlcin, V. 866, Hid 

— in silk gum. 11. 176 
Serotrin, VI. 05d 
Serpentine, T. 400c 
~ asbesGiS, I. 400c 

— budding stone, II. 138s 
— , chromium in. 111. 966 
Serum, antivenom, 11. 24d 
— , blood, proU'ins, II. 19o 

— therapy, II. 22a 
Sesamd oil,' brominated, 11. 

1186 


, (licrmati, II. 237a 

Sesquiterpenes in coecarilla 
oil, Tl, 411a 
Setacyl dyes, I. 42a 
^^SextoW* I. 147d; VI. 220ii, 
354a 

5«xfon/' ” SestUmtr I- 880d 
VI. 364a . 

“ Slutklock,” VI. 1206 
Shme from clay, I. 201o 
~^1, V. 379a 
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Shale oil, carcinogenic action, 
ir. 3786 

, gaseouH fuels from, II. 36 

in candle inanufaci uie, 

II. 263c 

Shattuckite, IV, Id 

Shea, butter, I. 6516 ; IT. UiHd 

— fat in chocolate, III. 886 

— nut oil, I. 051c 
Shekani^ YI. OOd 
Shellac in lacquers, TI. lOOn 

— - — storage of pincne, II. 

251 la 

“ Sherardizizig," V. 1276 
Shikonin, J. 2^Ha 
Ship’s nails, I. dl5(/ 

Shoddy fertilisers, V. OOr 

Shogaol, V. 535a 

Shorea spp., nut oils, 11. 31( ; 

III. .540r/ 

Shortenings, IV. 2536 

— or lard substitulos, 111. IKi^’ 
Shot-dort, III. 57td 
Showerproof fabrirs, V. l!Mid 
Siak ]ilip6 nuts, 11. 32a 

“ Sichlorr Til. 62 d 
“ Sicoidf’^ II. 4806 
Siderite, 11. -510^ 

Siderose, M. 51 Od 
Siemens-Billiter c4«m ( t'ol> I ic 
cell, in. 516 
•Silage, fV. 3086 
••Siffrax” II. 3016 
Silica, dotn., J. 5316 ; II. 50 Id 
— , colorimetric, 11. 0716 
— in clay, III. 201 a 
— , drop reaction, Tl. 5826 
■ ~ gel, adsorption of cariioti di- 
sulphide on, II. 3106 

— -for relining henzol, III. 
207d 

— , native, 1. 46 ; li. 5176 
— , qualitative reactions, II. 
. n48c, 570d 

Silica skeleton ” test, 11. 51 Sr 
Silicates (srr also I May ; Fel- 
spar ; individual silicati'S ; 
Silica), I: 20 Ir, 2016 

— in casein paints. 11. 4 I5r 
Silica ware, V. OOOa 
Siliceous sinter, V, 5306 
Silicide, chromium, 111. ItiOa 
Silicides, prepn., II. 300c 
Silicofluorides, V. 282c 

— , qualitative reactions, II. 
571a 

Silicon borides, IJ. 456 

— carbide (srr also Abrasives ; 

Carborundum), 11. 280d, 
3106 

— , detn., see Silica. 

— in plantH, I. 5106 
Silicones, formation, 11. 227r 
Silicon hydride, 11. 2276 ; VI. 

3l)5a 

Silk, V. 86a 

— , artificirtl, sec Cellulose ; Cel- 
Iulo.so noetalc^; Fibres, arti- 
ticial or rayon ; Rayon. 

— bleaching (wool process), IV. 

1246, 1396, 144a 

— degumrning, V. 946 

— detn., in mixed fibres, V. 956 

— dyeing, IV. 143d ; V. 956 
— , Eria, V. 80a 

— , microscopy, V. 91d! 

“ Silkooir V. 115d 

Silk printing, IV. 187a- g 

— , properties, IV, 123a • 

— , raw, composition, II. If6 


INDEX 

Silk reeling, V. 93d 
— , Hhantung, V. 86a 

— soaking, V. 946 

— , Bouple, II. 18d ; IV. 113d 
— , stoving, II. 18c 
— , Tussah, V. 86a 

Vanduara or Vandura, V. 
11. 5d 

— , vegetable, I. 2616, 501c 

— weight ing, IV. 1246, 141a ; 

V. Old 

Silkworm, chrysalid oil, com- 
])osition, II. 26d 
Sillimanite, I. 26 Id ; IIL l!)7a; 

V. 169c 

“ Silmalecr T- 277a 
Silos, IV. 3086 
“ Soloxicon,” II. 3616 
Silumtrit sdlumiii y,” I. 2 .“j36, 
211c 

“ Silundum,'* 11. 3616 
Silver, action in syntboMs of 
methyl alcohol, II. 3506 
, anlimonial, I. 4 166 : IV. 
16d 

~ Hs trace element, I. 5106 

— c.arl)ide, 11. 2816 

cataly.st in iriel.al carbonyl 
propn., II. 3r)7r 

- eyanate, III. 507c 

— cyanide, 111. 1876 

— , detn., assay, I. 529a 

colon metric, IT. 672c 
— , — , elecirodtqKisitioii, II. 

702a 

, gravimetric, JI. .5S6d 

- » — , potentiometne, II. 70()e 
— , — , spectroscopic, 11. 692a 

— , volumetric, 11. 6666 

drop reaction, 11. 581 a, 6 
Silvered vessel te.st, TV. 533d 
Silver, electrodeposition, IV. 
264r 

— fulminate (fiiiminating sil- 

ver), V. 3846 

— ^ halides in ph(dogra]»hy, II. 
450c 

Silvering solutions, V. (iOSr 
Silver iodide in photography, 
II. 23.56 

— - nitrate, disiufectant, IV. 26a 
- — , oxidation of aldehydes 
by, II. 3626 

— , oxidation - catalyst- for 
methyl alcohol, II. 427c 

— oxide in respirators, II. 317a 

- ", qualitative reactions, 11. 

551a 

— , , rare metals present, 

II. .5546, ,556d, 566c 
— , recovery, in iihotography, 
JI. 4.5.5a 

“ Silver salt,” I, 204c, 2106, 
216d 

Silver w.ittJe, 1. 11c 
Silvestrene from carcnc, JI. 
389a 

Simetite, J . 302d 
Simonyite, II. 196 
Simul, V. 1696 
Sinalbin, VI. 96a 
Sinamine, 1. 258a ^ 

Sinapic acid, 111. 94a''‘ 
Sinapin, 111. n4a 
Sinapis nigra, II. 2d ; VI. 96a 
Singeix^ in cotton bleaching, 

Smigrin, VI. 90a 
Siniatrin, II. 286c 
Sinomenlne, IV. 52c 


“ Sinomenium acutum,'* IV. 62c 
Sinopite, 11. 20c 
” Sionin,'' II. 296<> 

Sisal, I. 16.5a ; II. 4616 

— analysis and testing, V, 1676 

— and henequen {see also 

Agave), V. 160a 
tow and waste, V. 166c, 167a 
Sitoatane, IV. 326a 
Sitoaterol, I. 201ia III. 88d; 

IV. 326a 

Shtosterolin, VI. 966 
Sitosterol in bran, II. 60c 

calophyllum oil, II. 2356 

Size, concentrated, VI. 256 

— for cotton, V. 1536 
Sizing, warp, V. 1536 
Skatme, VT. 4636 
Skiagraphy, see X-Uay con- 
trast media. 

Skiimnetin, VI. 966 
Skimmianine, Skimmia spp,, 
111.6026; Vd.|9.5d 
Skimmin, III. 413d ; VI. 95d 
Skraup’s synthesis, U. 205a 
Skutterudite, III. 220c 
Slag, basic, V. 67a \ 

— , - ", analyais, V. 81ic 

— in cement manufayture, IT. 

I ir)a \ 

Slanutosterol, 111. 30a 
Slate, building, li. 137c 
Slaying linen, 11. 116 
Slipe wfiol, J I. 1 3d 
" Slip-fibre,” 1. 499d 
Slow-combustion test, V. 
219d 

Smalt. II. 19a ; Hi. 219c, 220c 
Smaltite, 1. 469a ; HI. 34 d, 
2116, 220r 

Smaragde, IV. 2796 I 
” Smectite," V. 381 d, 382rf 
Smithsonite, II. 2016 ; VI. 
I37tt 

Smokeless powders (.see also 
Nitro-explo.sives), IV. 517c 
, analysis, IV. .532a 

— - ballistics, IV. 5356 

— colloidiiig agents, IV. .523c 
, erosion, TV. 53 Id 

, Ignition-point and resi- 
due, IV. 529c 

, mode of biu’ning, IV. 

.529a 

~ , nitro-starch, IV. 528c 

, non-rusting, for small 

arms, IV. 528c 

J products of combustion, 

IV. 529d 

, properties, IV. 528d 

— — , sensitiveness to sliock, 

IV. .529c 

— , stability tests, IV. 530d, 

533c 

Smokes, respirators for, 111. 
19d 

Snakeroot, black, 1. 137a 
S-N process, de Laval, 1. 103c 
” Soamin,” t. 486d, 547a 
Soap, see also Detergents ; Dry 
cleaning ; Fats, hydrolysis ; 
Fats, saponification ; Gly- 
cerin. 

— , castor oil in, II. 420c 
— , colouring, H. 1946 

— making, VI. 222o 

Soaps, soft, candlenut oil in, 
II. 263o 

Soapstone, II. 138a, 518o 
” Soda acid,” I. 486 
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Soda ash for tylossmaluuff, V» 
5ti0c 

“ Bordeaujc, III. 355d 
--- limp in analysis, II. 610c 
“ in respirators, III. 10c 
Sod^ta, J. 204d 
‘‘ Soda nitre ” for glassmakiuc, 
V. nooc 


Sodiocamphor, II. 242d 
Sodium acetate production, 
11. 233c 

alkyls, reaction willi carbon 
dioxide, 11. 3fi3r 
- illuminate, I. 284c 


— Jilumimim lliioride. III. 33^ 
(jiiid polasaium), dotii., volu- 
•nc'tric, 11. HOOc 


- anthra.quinone-2-Hiilphoniile, 

1. 20 Ic, 2 lot 

- .iquoiiontacvauofeiTial.p, III. 

177/) 


- aqiiopentacyanofeiToatc, 111 

1776 

- iU-soii;de, 1. 178d 

- iii'senito, I. 477c 

- iiurocyamde, III. 1806 

- beiizem'aulphon.ile, for liy- 

ilrolvhis of bornvl chloride, 
11. 2:.2r/ 

bciizo.ile, antis(‘plic, jirt*- 
sciva1i\e, J\'. 28c; V. 

dOOc 

- bihriudliolliiosiilpliale, rc- 

.'iKciil, 11. 3531/ 
borati' in purifying [ibenol, 
11. 30 b/ 

born.saluvlrile, II. 53c 
carbide, 11. 280r/ 
c.irbonale, product ion, II. 
32(l« 


-- carbonyl, J 1. 357r 

--- celbdohO x.intiiate, JI. 3l2r/ 

, cliciniluniineHccnci', Til. 236 
- chloriitc, III. 07a 

— chromiilc, HI. 1116 

— cyanatc, 11 T. 5076 

— cyanide, UJ. 181c 

'■■in froth llrdation, HI. 

bSfic 

g(dd extraction, HI. 
4806 ; VT. 104a 

— , detn., gravimetric, 11. .581a 
— , — in clay, III. 203c 

, — , volumetric, IV. .36 

— (liburiitc, sec Borax. 

— dichromat^, III. 11 la 

- ferrocyauide, Hi. ITTia 
formate from carbon mon- 
oxide, II. 3r)0d 

~ hcxametaphospliatt;, H . 23 1 6 

— hydroKulldnle (dithionite), 

IV. 1206 

-- hypocbli'rit-e, HI. Ob/ 

— in plants, I. .5106 
m.agnesiuin .siilplinlf, H. 106 

- niebi-arsenite, 1. 477r 

- ineta borate, II. 516 

- , molecAila r, JJ. 368a 

- nioiThuate, HI. 250c 
nitrate, II. Ii34/i ; V. 500r, 


5(1 la 

- fertiliser, V. 656 

« - nitrobem&enediazo - oxide, 
III. 5976 

— nitroprus&ide, HI- 477a 
“ Sodium perborate,” II, 51d ; 
VI. 34.5c 

Qndiuxn phenate, hydrolytic 
agent, II. 252d 
Ln respirators, 111. 186 


Sodium propiolate from acety- 
lene,!. 85a 

- qualit.ativc react ions, 11. 
.554c, 5560. 5636, 566a 

— salicylate, II. 30H</, 3646 

— silioate In wool scouring, 

11. 16a 

- stoorato, hydrtilvtic agent, 

II. 2.52d 

- sulpJiato for glaasmaking, V. 

560rt 

— tetraborate, s(e llornx. 
thiosulphate m respirattn’s, 

III. 186 

~ p - toluene.sulphonclilnro - 
amide, III. 36a 

— zirconate, II. 429c 

Sod oil, HI. 5516, .5.5b/, foot- 
note 

“ Soentai ” fat, H. 326 
Soft purple stone, ill. 32r 
Soja hispida, 1. 6.5!)c ; IV. l,89d ; 
V. 2.59c ; VI. S8c 

. nllantoiiiHses from, 1. 

240a 

— wa.r, IV. Sic 
Solauine, VI. ou6 
SolanocapBine. \'J. !Mi6 
Solanose, II. 3016 
Solarium sp]t,^ IH. 5.5 b; 1\'. 

257«; VI. 966 

Soledon ” dyes, 1. 1296 ; 1\ . 
129r ; VJ. 457a 
” Solganol B,’ VJ. lltbi 
Solid'phase rule. 111. 2!)26 
solutions, iriterstit nil, VI. 
281c 

, substitutional, VH. 281c 

Sols, hydrophilic, 111. 290c 
— , liydruidiobie, cmignial ion, 
IH. 2856 

, i.sodisperse, HI. 2.S9a 
poly dispense, IH. 2.89a 
— , VLscosity, HI. 290c 
“ Soluble Aliimiiia,” I. 29<ir/ 
Soluble anliydiite, II. 130a 
” Solusalvarsan,” 1. 192c 
Solvation and co-ordmat ion 
theory, VJ. 298a 

— ' electronic llieory, VJ. 

2986 

Solvent, eleclrostnction. V’l. 
297r 

— recovery (sr,r also Adsorp- 

tion ; Charcoal, active), 
Daniel and Bregont/ pro- 
cess, HI. 364a 

Solvents, chlorinated, ioxicit y, 
I. 105c; 11.3566 
” , dry cleaning, IV. 57r/ 

-, non -inflammable, see Car- 
bon tetrachloride ; ICIhy- 
lene trichloro-. 

” Solway ” colours, I, 10 Ir 
” Soneryl” I. 623a 
Soot, II. 312a 
-- fertiliser, V. 66d 
Sophoricoside, IV. JHOd 
Sophorin, VI. 96c 
Sophorine, HI. .542c 
Sorbitol, I. 451c ; II. 286c 

— from glucose, 11. 28,56 
Sorbose, II. 2826, 2866 
Sorghum, II. 482c, 483a 

— , hydrocyanic acid in, II. 
483d 

a-8orinin, VI. 96c 
Souari fat, IX. 168d 
Sour in cotton bleaching, 11. 
M 


Sourmg of clay, 111. 199d 
Sovoprene, sqvprene, 1. 89d 
Soxhlet and Szombatliy's ex- 
tractor, JV. 581a 
Soya hea-n oil, IV, Stc 

, detection, JI. I860 

Soya hispidot see Soja his^ida. 
Soybean oil, see 8oya bean od. 
Soy fermentation, I. 596 
SoTOidolic acid, 1. 3196 
Sparging in brewing, 11. 95a 
Sparry calamine, II. 2016 
Sparteine in chelidonium, 11. 
,528a 

Spectrograms, interiu'cdation, 
11. 69Ua 

Spectroscope, Hart ridge re- 
version, V'l. 1666 
Spectroscopic detn. of inter- 
atoimc distances, V'l. .502c 
Speptrum analysis, JJ. 688d 

— , arc, II. 6S9a 

- ilame, 11. 68O0 

quantitative, 11. 687c, 

6906 

- , spark, JI. 6896 
Speise (speiss), 1. .520r/ 

SpeisB. HI. 214d, 2]9d 
Spent oxide, cyanogen com- 
Xiounds Iroiii, 111. 407d, 

508a 

Spermaceti in candles, Hi 
2636 

Spermatolipase, 11. 4206 
Spermine, 1. ,3156 
Sperrylite, HI. 327c, 413d 
Spessartine, V. 4296 
Spheerosiderite, II. 519r/ 
Sphene, 1. 4.596 ; II. 229(/ 
Sphyngosine in cerebrosidos, 
Hf^506d 

Spices i\H fireservH lives, V. 
297a 

Spiculisporic aeid from 
moulds, V. 52f/ 

Spies sglanz Weinstein, 1. 

1186 

Spinasterolin. \1. 

Spindle tree, IV'. 100c 
Spinel, J. 26 tc 

— gem, V. .51 2(/, 513(/ 

Spinels, 1. 281c 
Spinnerets for rayon, V^ lJ6r/, 

1196, 123c 

Spinning drafts, V. 1496 
” Spinocaine," J. 300d 
Spinulosin, V. 54 a 
Spirsea spp., VI. 90«, 02a 
Spirain, VI. 90a 
” Sptrarsyl,'* I. 4916 
*'Sp^it And,’’ 1. 446 
‘‘Spirit indication” of beer,' 
11, 104c • 

Spirits of liactshorn, I. 3^7d 

— of salt, Ilf. 696 

Spiritus aetheris mlrosi, IV. 
[me 

— Vini Galilei^ 11. 62d 
” 5pi>ocidc.” I. 489c 
Spiro-6 :5-dibydantoin, VI. 

289d 



Splint (coal), V. 3476 
Spodumene, I. 264d 
— as gem, V. 513d 
Sponaias lutea I. 560d 

Spon 

‘‘ sfcofe starch.” V. 67d 
Spyrogelite, 1. 65ed 
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Sportiaff powder, IV. 4506, 

5iS7 

, smokelesa, IV. 528a 

Spot teste, see Drop reactions. 
SprB3^ evaporation, IV. 414c 
Spreading coefficient, VI. 5105 
Sprengel explosives, IV. 5455 
Spredgealpeter, IV. 404a 
SprlnUUamlne, VI. 2005 
Sprintilline, VI. 2005 
Sprite in bleached linen, II. 
12a 

Spxirrite, 1. 1625 
Soj^l, 11. 3815, ri, 380d 
S.R.A. acetaliC silk dyes, I. 

40d, 415, 20.'5c 
" Siahilarsan,'' 1. 402c 
Stabilisation of nitrocclluloso, 
II. 4045 ; IV. 510c 
Stabilisers, IV. 520a 
Stability tests, nitro-explnsi vcs, 
IV. 516c, ,533c, 547o 
Stachydrine, I. 4076, 080c 
stachyose, I. 4076 ; II. 2826, 
301c 

stainless steel, HI. 105r, 3886 
Stand oils, IV. 88r 
Stannates, complexes with 
catechol, IT. 430d 
Stannic acid, colloidal, IT. 4I0c 

— chloride in warfare, III. 10c 

• production, HI. 1:7a 

— salts, detn., volumetric, II. 

008a 

, qualitative reactions {sec 

also Tin), II. 571c 
Stannous salts, detn., volu- 
metric, II. 607cZ 

, qualitative reactions {sec 

also Tinl, II. 5716 

Stantienite, 1. 302d 
Staphisagroine, HI. 5576 
Staple fibre, IV. 125o ; V. 1 13c, 
127c 

Star anise oil, 1. 377a 
“ StELT antimony,” 1. 444a 
Starch (see also Cereals), IT. 
282a, 457a 

' action of diastuse on (see 
also Amylase ; 1 liastase ; 

Fnzymes), H. 208d 
- equivalent, IV. OOOd 

, maintenance, IV. OOla 

of feeding stuffs, IV. 597a 

, production, IV. OOla 

— , Floridean, I. 20()ri 
— , formula, II. 301 c 
~ -glycerite, II. 071d 

— gum, I. 1 4.3c 

— , maize, H. 482a 

— - removal, enzymatic, H. 56 
— , rice, H. 494c 

— , sokible, or soluhili.sed, 11. 

302c ; III. 5fiSa 
Staseturtite, 11. 30e 
Staurolite, IV. 279(/ 
Stavesacre scec ts , a I ka loi ds , 
HI. 657a 

Steam as disinfectant, IV. 19d 

— colours, II. 7-4c 

Steario acid in bone fat, H. 
265 

candles, II. 263c 

— — cascarilla oil, II. 411a 

— acids, hydroxy-, VI. 4055 
Steasldonic acid, III. 2475 
Steairine in candles, II. 203c 

— -r6, II. 2045 

staarin, fish. ill. 245^; ^1. 
1865 f 


Stearoptene, definition, IV. 

— in attar of roses, I. 5475 

citron oil, HI. 191a 

Steatite, I. 162c ; II. 618c 
steel analysis, sec individual 

elements. 

— , carborundum addition to, 

II. 360c 

Steele, aHoy. III. 1055, 217c, 
3885 ; VI. 510c 
“ Stellite^ allo 3 ^s. III. 2175 
Stenteriiw machine and pro- 
cess, V. 185c, 187d 
Steroobilin, 1. e02a 
Stereochemistry of cardiac 
aglycones, H. 382d 

cinchona alkaloids, HI. 

140c 

diazo-compounds, HI. 

501a 

Stereoisomerism cd tiglic and 
angelic acids, H. 177c 
Stereotype metal, 1. 445d 
Steric hindrance in esterifi- 
cation, IV. 340d 
Sterol of silkworm, II. 20d 
Sterols, cabbage, sterols, rice, 
IT. 183a, 494a 

-“in butter, digitouin test, 11. 
lOOd 

— of cacao butter, H. 185fZ 
Sthenosing, V. 129c 

“ Stibacetin/’ 1. 4365 
Stibacridinic acid, 1. 438a 
Stibanilic acid, amino-sul)- 
stitufeti den vs., 1. 430r, d 
— , nuclear - substituted do - 
rivs., I. 430d 

— — , salfs, I. 4305 
Stibinobenzenea, 1. 438r 
5fi5i um sulphuratum nigrum, 

1. 4405 

Stibnite, I. 439d ; IV. 591d 
Stibonic acids, miscellaneous, 
I. 4,37a, 5 

Stiffening fabrics, V. 1806, 187a 
Stigmasterol, II. 494a; VI. 
273c 

" Stilbosan,^' 1. 430d 
Stillingia tallow, HI. 336 
Stipites jalapce, VI. 90r 
“ Stocko” I. 703d 
Stokesite, I. 4576 
Stoke 's law, HI. 285a 

for emulsions, IV. 29 1 o 

Stone, blue, 11. 25a ; HI. 3576 

dust in coal-dust explosions, 

IV. 109c, 117a 

— lime, II. 133r 

— preservatives, H. ISOd 
Storax, 1. 617a 

— , cinnamic acid from, III. 
180d 

Storch-Morawski reaction, 

III. 205a 

Storesinol, 1. 0176 
" Stovaine,** I. 369a 
" Stovarsol,** I. .39r, 480f, 489c 
Strass, V. 5136, 005d 
Stratosphere, 1. 538d 
Straw, IV. 505a ; V. 616 
— , rice, II. 400d 
Stmam double refraction, HI. 
289c 

Streaming potential, HI. 283d 
Streptococcus spp., III. 567c 
Stretch-spimimg of rayon. V. 
116c, 120c, I21d, 123d, 

129c, 131c 


String ” beime, 1. 659a 
Stringy bark tree, IV. SOla 
Stromeyerite, n.^l7d 
Strontium, H. 5676 ’ 

— , action on prothrombin, II. 
23c 

— aa trace element, I. 510c 

— detn., gravimetric, II. 6896 
— , drop reaction, sec Barium, 

II. 579d * 

— , qualif/ative reactions, II. 
647c, 553d, 5676 

— , , rare metals present, 

II. 555d, 556d 

— sulphate, II. 4425 
Strophanthidin, H. 3S2a, 3855, 

d, 380a 

af/oStrophanthidin, H. 385d 
A:-Strophanthin-/9, H. 3855 ; 
VI. 00c 


Strophantobiase, IV. 3145 
Strophantobiose, fll. 3006, 

38ld 

Strophantus spp., I. l^Ud ; HI. 

5386 ; VI. 87d \ 
Strychnine, carbazolqfrom, 11. 

378d \ 

— , occurrence, H. IS2a 
Strychnos sj>p., HI. 459fc 
Stupho photometer, 111. 304d 
Stupp, V. 200d ^ 

Sturine, 1. 450r 
Stylopine, HI. 350d 
Styphnic acid, JV. 5426 

, lead sail, TV. 512c 

Styracin, J. 0176 
Styracitol, H. 205tt 
“ 5fpracof,'' VI. I lOd 


Styrax Benzoin, S. spp., I. 
615a, 01 7r 

Styrene from cinnamic aCicl, II. 
3736 ^ 


Suaveoline, 1. 490d 
Suberic acid, 111. 3066 
Suberin, HI. 3G0a 
Suberinic acid, HI. 360a 
Suberolic acid, III. 3666 
Suberylarginine, II. 3886, c 
“ Sublamine ** antiseptic, IV. 25d 
Substantive dyes {sec also Dyes, 
direct cotton), IV. 127c 
, components and per- 
formance, TV. 215r, 224r 
Substrate, definition, VI. 3956 
Succinates, qualitative re- 
actions, 11. 570a 
Succinic acid fermentation', V. 
43a 

— ^ bacterial, V. 606 

, n-heptyl-, VI. 205d 
Succinite, I. 301d 
Succinonitrile from acetylene, 
I. S4d 


Buccinyl peroxide, I. 262d 
“ Suchar** I. 153a 
Sucrase, IV. 3146 
Sucrose, II. 282a, 299d 
— , colour reaction, IT. 3005 
— . inversion, II.. 530d t VI. 
244a, 382a 

Suction gas (see also Producer 
gas), II. 346a ; V. 373d 

plant, V. 3736 

Sudan iv., 1. 0885 
Sugar as preservative, V. 3025 
— beet, I. 601o 
— , detn. in chocolate, III. 86d 
— , — , in feeding stuffs, IV. 
603a 


— , refining, 11. 320a, 4425 
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Sug^s, effect on concrcfle, 
II. 1486 

^^ot> glycouides, It. 

381c 

- -. separation, II, 2936 
Sumt, acetone oil from, I. 71a 
-- in wool sconriug, II. 126, 13rf 
Suketodara liver-oil, III. 244r 
SuUivaa’a test. VI. 1446 
Sulochrin, 57a 
SulphantixnoniteB, I. 439d ; 
VI. irj4d 

" SulpfuwspfunamiriB,*' I. 402 
Sulphatase, IV. 3146 
Sulphate, dotn., colorimetric, 
II. fl74c 

. , gravimetric, II. 003c 

, — 1 volumetric:, II. (I07« 

“ Sulphate of barytes,” 1. (i51a 
Sulphates, ozidation of carbon 
monoxide by, Tl. 346rt 

- , r|ualitative j'eiictionH, IT. 

r>«4c, 574d 

Sulphate (lyes, 1. 43a 
Sulphide, detn., gravimetric, 
11. C03a 

, , potenliomoTric, II. 700c 

, -. volumetric TI. 000c 

Sulphides and hydrogen md- 
]iT»idc, detection, 11. 5746, 
0H3(i 

Sulphite cellulose, IT. 2326, 
401c 

(letn., gravimnlric, TI. 0026 

- , — , volumetric, II. OOfld, 

OH56 

Sulphites and siilplmrous arid 
in food (Kcr Snlpliur di- 
o.vide in /o(jd ), V. 3056 
qualitativo mu'tions*, 11, 
505a, 574c 

Sulphoacetic acid, i, 506 
Sulphobenzide, hexanitro-, IV. 
48 Ir/ 

Sulphocamphylic acid, JJ. 
2486 

Sulphocarbonic acid, IT. 3286 
SulphocyanideB. sre Thin- 
ey.'inates. 

” Sulphoform,'* 1. 43."j(/ 
Sulphonated oils, IV. 2H0a 
Sulphonates, alkylated aro- 
matic, IV. 2806 - 
Sulphones, plasticisers, II. 
44Hc 


Sulphonic acids from 
petroleum, 111. 5fl0c 
.... prodiicthm, 11. 428d 
Sulphosil, II. 506d 
Sulphur acids, detn., ’('olu- 
metric, 11. 606c 
- chloride from carlam disul- 
pliido, II. 353c 

in vulcanisation, 11. 343c 

compoimds in town gas, II. 
349c 

, detn., ('ariuK metluul, II. 
62lc 

, - EechkH’s method, II. 
6036 

, Grot^* and Krekeler's 
method, JI. 6216 
_ ^ ^ in o<jal and coke, II. 6036 
hydrogenation analy- 
sis, VI. 3e2a 
ores, I. 531c 


micro-methods, 11. 632c 


- dioxide, bact-ericide, V. 3056 


carbon disulphide from, 

II 338a 


Sulphur dioxide, catalytic 
oxidation, 11. 4236 
, detection, II. 565o. 674c 

— — , detn. (set? aluo Sutphtirous 

acid), 11. 0856 , .. 

from gypsiun, TI. 2336 

fumigation, V. 306« 

— — in food, detection and 

detn., V. 3066 

— , reaction with calcium 
phosphate, 11. 225a 
dyes, 126c 

— , elemental, detn., II. 603o 

— , — , volumetric, II. 667c 
— , — , drop reaction, 11. 581(1 
— , identilioation, 11. 574a 

Sulphuretted hydrogen, sec 
Hydrogen sulphide. 
Sulphuric acid catalytic 

diKdion or conl^ict pro- 
cess, we Sulphur trioxide, 
catalytic prodiudion. 

detn., wr Sulphate, detn. 
chtcr salts ol long chain 
fatty acids, IV. 2866 
- for nitroglycerin prodiii'- 
tion, IV, 4l>2d 

“ - s(»lv(»nt in annlvsis, 11. 
541>c 

Sulphur ill gunpowder, IV. 
45.5f7 

— - - hops, 11. 02(‘ 
Sulphurised oils, TV. OUc 

— vat roloui>, I. 4236 
Sulphurous n«:i(J, see aluo Sul- 
phite ; Sulphur dioxide. 

Sulphur oxides from b»wn gas, 

V. 24. 5d 

recovery from town gics, II. 
319d 

- thiocyanate, in vulcanisa- 
iion, II. 343c 

total, detn., in coal g.'is, 11. 
6H5c 

trioxide, catalytic produc- 
tion, TI. 4236, .535c ; HI. 176 

, d(‘tn., in vapours, 11. 

0«5c 

— in M-arfare, HI. J ld 
Sulphuryl chloride, _ produc- 
tion, n, 42Kd 
‘‘ Sumacarb” I. 153o 
Suzna-resinotazmol, T. 615c 
Summer oil, III. 410rf 
Sundtite, I. 376(1 
Sunstone, I. 559d ; V, 2r, 3a 
” Super- Alumina," I. 2Kflr 
Super-aromatic properties, V. 
309d 

Superphosphate, detn. of 
soluble phosphate in, V. 
8()a 

— of lime, 11. 223d 
Superpolyamides and supor- 

polyMiem, V. 12.56 
Supersurlace layer in evapora- 
tion, 111. 60.5a 
" SupracapsuUn," I. 147d 
” Supranephrane” I. 14 7d 
“ .Saprarenaf tn,” I, U7d 
" .Supraremn," I. 145r, Wld 
Suprasterol, II. 202r 
Surface barclening, oxy-accty- 
lene, I. 116a 

— tension, III. 2826 ; V. 263d ; 

VI. 506d 

Surinamins, I. VJld ; V. 517a 
Surkhi cement, 11. 145d 
SurveiUancs tmt, IV. 533d 
Suture-^tosss, 111. 513c 


Sweds&borgtte, 1. 686s 
Sweet potatoes, 1. 856d 
” Bweei spirit of nitre,” IV. 
S66o 

— waters,” VI. 466 
SwiBSi^. V. 1886 
Sylvan, V. 4006 
Sylvanite, VI. 102a 
dl-Sylvestrlne, II. 405a 
SyliFits, 11. 1096 
Synadslphite, 1. 24 Id, 264d 
Synanthrose, HI. 31a 
” 5(/ncaine,” ace Procaine 
Synerssis, 111. 291(1 
Syngsniie, II. 23Sc 
” Synouryn " drying oil, IV. 
Hid, 87a 

“ Synikaltn" VI. H16, 144a 
Synthesis gas, V. 503a 
Synthetic resin flhres, V, 1136, 
I24d 

” Synthol" II. 350r, 42.5c 
Syringaic-acid gluccisidc, VI. 

one 

Syringe, "Little Algy,” IV.2ld 
Syringin, VI. Otic 
Sy test, IV. 5346 


T 

TA, 111. 535d 
Taban M(>ra1i fat. 11. 32a 
Table oil, IV. 252c 
Tabular spar, II. 22 7r 
Ta-Cha-Yeh, V. .5116 
" Tachiol ” anliM(‘pt ic. IV. 2(la 
Tachydrite, 11. 212d 
Tachysterol, 11. 262a ; IV. 
320d 

Tagei'ey-verey, Tl. 419« 
Tagetes paiula^ 1. l(\la; VT. 
96d 

Taifushi (»il, IT. 522d 
" Taka-diastase" V. 5t)r * 
Talc, I J. 518c 
Talh, Tallin, 1. lid 
Taliani tt^M,, IV. 534 c 
Tall oil. 1. 0.55d 
Tallow, dellnition, VI. 13td 
~ in cacao T)utter, 11. 187a 
sizing, VI. 1.3.>c 
— , vogetabh;, jiriina and 
Bccunda, 111. .336 
Talmi gold, I. 116 
Talose, II. 286a 
Tamari, V. 66c 
Tanacetone (Thujone), i. 6a 
Tane-koli, V. 566 
Tanghinin, 11. 3H7r 
Tangkallak fat, IV. 46 
Tankage grease, VI. 135a 
Tannase, IV. 314a ; V.i25c 
Tannic acid, acetyl-, 1. 366 
■ — , compound with c.asciii, 
11. 414d 

— , qualitative reai^tiuns, 11. 
570c 

" Tannigen" I, 366 
Tannin, Chinese, Vi. 66d 
Tanning agents, synthetic, 11. 
30^, md 

— substences from cutch, II, 
4386 

Tannin, hop, II. Old 
— , Turkish, VI. 96d 
Tanret reagent, 1. 235d 
Tsntatetes, qualitative re- 
ToStions, IL 655d, 656(1, 
» 673d 
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Tantalite, III. 300c 
Tantalum, 1. M 

— and niobium, separation, II 

602a 

— carbide, II. 280& 

— , detn., pi’ttvimetric, II. 602( 

— production, II. 611a 

— , qualitative reactions, II 
555d, 6586, 573d 
Ta Pei, V. 330a 
Taraktogenic acid, II. 522c 
Taraxacum officinale, III. 547a 
Taraxanthin, 1. 201a; II 
308d 

Tar, coke-oven gas, III. 2616 
Tarnishing of metals. III. 3706 

— reactions, VI. 224a 
Tamowitzite, I. 457a 

Tar oils, hydrogenation (sci 
alao Hydrogenation o 
coal), II. 425d 
Tarpaulins, V. J05d 
Tar, Stockholm, production, il 
310d 

Tartar emetic, 1. 4306, 4J86 

powder, T. 448c 

substitute, I. 448c 

Tartaric acid, diliydroxy-, IV^ 

36 

— anhydride diacotate, carbon 

suboxide from, IJ. 352a 
Tartarus stibiatu^, I. 4486 
Tartrates, qualitative 
actions, II. 570a 
Tartrazme indicator, VI. 4316 
Tartronic acid, amino-, and 
derivs., 1. 2476, c 
Tartronylurea, 1. 625a 
Tar, wood, production, 11. 31()d 
Taurine, III. 5416 
Taurocholic acid, 1. 680r 
Tautolite, III. 5126 
Tautomeriszn, virtual, of 
cyanines, III. 516a, .524a 
Taverner procc.ss, VI. l()(ic 
Tchou-ma, 111. 31c 
Tea, III. .5586 
— , Abyssinian, I. 116 
— , alkaloids, II. 197a 
— , Arabian, I. 1J6 

— catochin, II. 438c 
Teallite, HI. 538fl ; V. 328c 
Tea, theobromine in, II. 107c 
Tecomin, I. 6886 
Tectoridin, tectorigenin, V. 

259d ; VI. OOd 
Tees pow'dcr, IV. 554c 
Teglam fat, II. 32c 
Teisen furnace, V. 568a 
“ Tekaoi:^ IV. 80d 
“ Telenduron,** I. 70;id 
Tellurethyl, IV. 372a 
Telluzic acid, detn., volumetric, 
II. e07c 

— bismuth, IT. 32d 

— silver, VJ. 206a 
TeUur^e, III. 578d 
Tellurium, detn., gravimetric, 

II. 6046 

— , — , micro-method, II. 632d 
— , eloctrodeposition, IV. 360d 
— , qualitative reactions, II\ 
554, 636d, 5756 

T^urous acid, detn., volu- 
metric, II. 510c, 667c 
“ Tamper," I. 472c 
Tanmer colours on metals, HI. 
o08c ^ 

" Ttnacit.’’ I. TOSi * • 

" Tertasco." V. 131o 


Tennantite, III. 341c ; IV, 
308a ; IV. 590c 
Tenorite, III. 341e, 3546 
Tephrite, I. 052a 
Tepheosin, III. 559c 
Terbia, II. 512a 
Terbium, II. 511c 
Terebene antiseptic, IV. 30d 
Terebine driers, IV. 91c 
Terminthic acid, HI. 34a 
Terminthinic acid. III. 34a 
Termintholic acid. III. 34a 
Termintbolinic acid, HI. 34a 
Terpenes in huchu, H. 1 20a 
Terpenylic acid, 11. 407a 

hydroxy-, H. 407a 

1:4-Terpin, I. 501a 
Terpin, cmeole from, HI. 1796 
a-Terpinene, 11. 404c 
Terpinene formation, 11. 251c 

— in essential oils, II. 381a ; 

HI. 24d 

Terpineol in essential nils, H. 

266,2196,381a; HI. 183c 
a-Terpineol, cineoJc from, HI. 
179a 

Terpinolene foi-mation, H. 
25 Ic 

" Terra afha,” VJ. ]60c 
Terra (bl ta, H. J28d 
Terra japomca^ Tl. 4336 
" Terrana," IV. 248r 
Terra ponderosa mlita, I. 635a 
Terrein, V. 53tt 
Testosterone, 1. 371a ; VJ. 
275a, 276a 

frans-Testosterone, VI. 275a 
Tetra-amylose, HI. 569c 
Tetraboric acid, 11. Aid 
Tetrabutylammonium lod j d c, 
IT. nOff 

Te tr abut yral dine. H. I57fl 
Tetracarbocyanines, HI. 

528a 

Tetracene, IV. 5 4 2d 

— , guanvlnit rosoaininogiian.v)-, 

JV. 542d 

Tetrachlorethane (tetra- 
chloroethane), IV. 35!»c 
Tetradecane - 1 - carboxylic 
acid, 14-liydrox>-, IV. 416d 
Tetradymite, II. 32d 
Tetraethylammonium hy- 
droxide, IV. 35.5d 
Tetraethyldiaminodipbenyl- 
metbane, IT. 10.56 
Tetraethylene glycol, JV^. 3796 

— triarnine, IV. 377a 
Tetraetbylt^trazone, IV. 

302c 

Tetrafluoboric acid, H. 46c 
TetrE^uaiacoquinone, VI. 

Tetrahedrite, III. 341c ; ly. 
590a 

Tetrahydrocadalene, II. 190a 
Tetrahydrocalamene, H. 

20Ia 

Tetrabvdrocarbazole, de- 
hydrogenation, H. 278c 
Tetrabydrocarveol, 1 1. 4056 
Tetrabydrocarvone, 11. 405d 
Tetrabydroebrysene, HI. 
1186 

Tetrabydrocolumbamine, II. 

23.5c, d 

Tetrabydroeucarveol, IV. 

391c 

Tetrabydroeucarvone, IV. 

391d 


Tetrabydrofurfuryl alcohol, 
VI. 3556 

Tetrabydroguaiepe, VI. 142c 
Tetrabydrojatroirbizine, II. 

235c 

Tetrahydronapbthalene, see 

also Tetralin. 

— , carcinogenic compounds 
from, II. 378c 

Tetrabydroquinqxalines, 1. 

3166 

Tetralin, {see also Tetrahydro- 
naphthalene), VI. 352c 
— production, II. 426d! 

— , reaction with oxalyl 

chloride, II. 304a 
Tetralite, IV. 485a 
nc'Telralone, Vi. 3546 
Tetramethoxyisoflavylium 
chloride, 11. 4386 
1;2:3:5 - Tetrametbylbenz - 
ene, II. 242d ; 

Tetramethylbenzenbs, HI. 

.539a \ 

Tetramethyldistibiqe (anti- 
mony cacodyl), 1. W34c 
Tetramethylenediaxxme, 11. 

178c \ 

Tetramethylenediguamdine, 
I. 457c \ 

Tetramethyl ferrocyanide, HI. 
4756 

Tetraxnethylhydurilic acid, 
VI. 407c 

Tetramethyloglucose, 11. 

201d 

Tetrametbylpbenol, anti- 
septic, IV. 7a 

Tetramethylstibonium liy- 
(Iroxidc, 1. 431c 
~ iodide, J. 434c i 

Tetr amine reagent for dyes, 
IV. 1726 

Tetrandrine, VI. 496d 
Tetraox\^ethylene, V. 320a 
2:4:5 :6-Tetraoxypyriixudme, 

I. 243d 

Tetraphenol, V. 3986 
Tetraphenyl methane, car- 
cinogenic activity, II. 380a 
Tetrarin, VI. 97a 
Tetrasacebarides, II. 3016 
Tetrazene, IV. 542d 
Tetronic nc ids from PcniciHmw 
spp., V. 526 
Tetryl, IV. 485a 

— cliloride, II. 172a 

, i^roperties and testing, IV. 
486c, 4876 

Textile emulsions, IV. 301c 
printing {sec also Printing), 
IV. 17.5(; 

by rotogravure, IV. 177c 

stencilling, IV. 177a 

, colour pastes for, IV. 

178c 

, crimp efTccts in, IV. 186a 

— — , discharge styles ip, IV. 

IHld 

, engraved rollers for, IV. 

176a 

, Oxing agents for, IV. 178a 

, metal powders in, IV. 

1866 

, pantograph, engraving 

for, IV. 1766 

— , pigment lacquer in, IV. 
1866 

— , reserve styles in, IV. 
183d 



« 


TezWe printing, resist styles 
m. if. 183/ 

styles^ IV. 178d 

“p^tickening agents for, 

with hand blocky, IV. 1 7dd 

~r~ screens, IV. 177rt 

T-Gas” IV. 3806 ; V. ‘.mtl 
ThaUeioquin, reaction, 111. 
135d 

Thallic miulitative re- 

acitions, II. 508f 
Thallium, u'sobutyl deriva., 11. 
173c 


— selenide, III. 

— , detn,, electrocbcjmical, 11. 
510- 


, — , elccti’odeposition, IJ. 

7026 


— , graviftioi ric, II. 503c/ 

, — , volumetric, TI. OOTc/ 

- group, quality ti VO aepara- 
tion, 11. 5.57a 

-- qualitative roactions, 11. 
547r, .5.516, .5.5.5f/, .5(i(i«, 

,5686, r 

- - saltss in carnalJite, 11. 300a 
Thallous salts, qu.'ilitntivc‘ re- 

acticm.s, II. 5086 
" Thanatol” 1. lOOd 
Thea chniensts, 1. ,51 1</ 

- - Sasanqi4ny cugcmol from, IV. 

30 Ic 

Theobroma cacao. 111. 2.'t()(/ 
Theobromine, 11. lOTa ; 111. 
23.5r 


— in cfU'ao butter, II. I8(ja 

, sodio-, sodium iodide addi- 
tion compound, 1V\ 405rt 
Theophylline, IT. 107a, d 

— ethylenodiarnino, IV. 401rt 
Theosterol, TI. ]85t/ 

Therapic acid, III. 2476 
Therm, definition, V. 433d 

“ Thermit,” “ thermite,” 1. 

2736; HI. 076, inSd 
Thermoluminescence ol 
lluorspar, II. 2156 
“ Thermolux ” glass, V. 505a 
Thermometer, lielium gas, 
VI. lOOd 

Thevetiirenin, VT. 97a 
Thevetih, 11. 380r ; VI. 97a 
Thiacarbocyanines, 111. 51 7d, 

518a 

Thia-4'-cyBUiines, Til. 617d 
Thiacyanmes, tliia-^-cyanines, 
thm-2 '-cyan mas. III. 51 7d 
Thiathiazolocyanines, thia- 
zolocarhocyanines and tliia- 
zoJocyauines, III. .5216 
Thiazine, 1. 505a ; II. 403d 
Thiazolinocarhocyanines , 

tliiazolino-2'-cyanineji and 
thiazoIino-4'-cyanines, III. 
521d 

Thierbi, II- 29d 
Thieaon furimee, V. 5fl8a 
Thioacetones, I. 096 
Thioacridone, I. 127a 
Thioarsinites, aryl, I. 400c 
Thiobarhituric acid, conden- 
sation with aryl aldehydes, 


1. 630a 

Thiocerbonic anhydride, II. 

3286 ^ 

Thiocyanate, detn., potentio- 
metric, II. 700r 
— , volumetric, II. 055a 


INDEX 

Thiocyanate*, analysis, III. 
511d 

— , prepn, from ammonia and 
carbon disulphide, HI. 507c 
— , — — coal gns. 111. 508c 
— , cyannmide and sul- 

phur, in. 50Sa 

. liquor, HI. 5086 

— . - ■ — spent oxide. 111. 5(i8a 
— , qualitative reactions. II. 
5tl06 

Thiocyanine, HI. OlHa 
Thiocyanoaen value of fats, 
HI. 500a 

-- values of cacao butter, II. 
1856 

'rhiodiethylene glvcol, IV. 
3816 

Thioethylene gl>col, IV. 381a 

diacetiite and (libeiizoate, 

IV. 3Hla 

“ Thioform,” J. 700r 
Thioformaldehyde. V. 32()c 
— ftirmation. 11. 312a 
Thioguaiacol, VI. 1 4 I f/ 
Thioguaiacyl xantliato, VI. 

1 4 Id 

Thiohydantoina, VI. 203r 
Thiohydrolysis, A' I. 307a 
Thioindigo and den vs., VI. 
453r 

Thioindoxyl, VI. 4.53c 
Thioisatins, VI. 155a 
Thionaphthenquinones , VI. 

J.55a 

Thionates, qualitative r(‘- 
action.s, H. 574r 
Thionuric acid, 1. 620a 
Thiophen, colour reaction with 
i.satin, \’I. 463c 

Thiophenol, hy-product, II. 
305o 

Thiophen, removal from ben- 
zole, 1. 674d 

Thiophoegene production, 
HI. 176 

Thiopropanolsulphonic ue i d , 
sodium nuro-snlt, 1. 24 Id 
Thiosemicarbazide, VI. 200d 
ThioseinicarbazoneB, V'T. 

200d 

Thiosinaixiine, I. 2506 
Thiosulphates, dotn., poteu- 
iiometric, 11. 7086 
— , — , volumetric, H. 6486, 
0676 

— , qualitative reHciiori.s, H. 
565a, 5746 

Thioxanthones from anthra- 
quinonoH, 1. 396a 
Thixotropy, HI. 202a 
Thomsonite, H. 2296 
Thoria catalyst («cc alno Hy- 
drogenation analv.sis), 11. 
35 Id, 42.5d 
Thorite, II. 511c 
Thorium, 11. 511 c 
— , detn., gravimetric, IT. 508a 
— , — , micro-method, H. 633r 
— , volumetric, 11. 067d 
— , qiialiiativt* reactions, TI. 

5556, 556d, 6626, 672o 
Thortveitite, V. 624c ; VI. 
109a 

Thrombin in blood, H. 22c 
Thromhokinase, IT. 23a 
Thuja occidefitalie, V. 6d 
Thuja oil, carvotanacetone in, 
H. 4086 

Thujone, L 5c, 6a 


m 

a-Thujone, rearrangement, 11« 
4086 

Thujyl acetate, 1. 5c 

— alcohol, I. 6c 

— pulmltate, 1. 6c 

— taovulerale, 1. 5c 

Thulia, H. 51 Id 
Thuringite, 11. 5206 • 

Thymlmne, VI. 97a 
Thymol, di-iodo-, 1. 4666 

reduction. H. 426d 
Thyroglobulin, VI. 2676, c 
Thyronine, VI. 207d 
Thyroxine, 1. 506c ; VI. 2076 

— , reactions, VI. 267c 
Tiemann-Reimer reaction, H. 

364r 

“ Tiers Argent ” 1. 270« 
Tiffanyite, 111. .574o 
Tigers-eye, HI. 430« 

Tiglic acid, HJ. 435a 
Tigogenin, VI. 976 
Tigonin, VI. 97a 
Tile-ore, III. 450a 
Tiles, il. 12Sa 
Tilia wpp., fatty oil, T. 655c 
Timber-preserving oil. HI* 
423d 

Timonox, 1. 410r 
Tin, action on ijlienoJ, IT. 300d 
as trace elemcuit, 1. 510c 
Tincal, H. 30c, 34c, 40d , 

Tin calaivstii in hydrog(mation, 
VI. 3tj86 

Tinder-fungus, I. 208d 
, (iennan, 1. 298d 
Tin, delri., assay, 1. 529d 
, , colorimetric, 11. 672c 

, - clectrodeposilion, H. 

702c 

, , giaviinetric, IJ. .596d 

- in food. li. 072r; V. 
202c 

— , - potentiomeXric, II. 7086 
' , specXioHcoiuc, 11. 69lc4i 

— - , - , v(dumetrjc, H. 067d 

- , dro]) reaction, H. lH8c, 5816 

- , flectrodeposition, IV, 260a 
Ting-yu, HI. 336 

Tin oxide, H. 4196 
Tinplate, protective lacquei-s 
for, III. 30.5c; ,V. 200d, 
2016 

Tin, qualitative reactions, H. 
551c, 5716, c 

— , ' — , rare metals present , 

IT. 554c, .5.56d 

— -Ml-one, II, 4196 

— white cobalt, see Small jt«. 
Tlsu, H. 157d 

Titanilerous iron-ore, VI. 

414d 

Titanite, 11. 220d 
Titanium as trace eJen^nt, I. 
51 Od 

— carbide, II. 28la 
detn., assay, T. 5306 

— , colorimetric, TI. 073o 
— , gravimetric, 11. 5966 

— in clay, HI. 202c 
— — ■ steel, I. 530c 

— , pot^ntiometric method, 
11. 7086 

— , volumetric, H. 668a 
drop reaction, H. 5816 

— oxide, as esterification cata- 

lyst, H, 1816 

, mineral, H. 119a ^ 

— f— .qiigment, II. 4446, 475c j 
^ V. 128c 
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Titaniimii qualitatlTe re- 
actions, 11. 671d 

— , , rare metals present, 

II. 555<2. 556d 
Titanomagnetite, I. 4506 
Titano-niobatea uf rare earths, 

II. 196 

TitaifdUB chloride, volumetric 
methods, II. ()19a ; IV. 
23ga 

Titration errors, VI. 42(lr 

— exponent, VI. 42«r 
T.N.A. (tetranitiunilme), IV. 

487d 

T.N.T, (trinitrotoluene), I. 
4600 ; IV. 400d 

— a-, B- and y-, properties, 

IV. 471f 

— 08 explosive, IV. 472c 

— , manufacture, continuous 
process, IV. 468c 
— , intermittent TjrocosscH, 
IV. 4676 

, physiological elToctH, IV. 
473c 

— , Queensferry process, JV^ 
407c 

— speciheations, IV. 471a 

— testing, IV. 473d 

Toad poisons, II. 3816, 387d 
ToadBtone, III. 5716 
^Tobacco, 111. 558c 

— smoke as antiseptic, IV. 316 
, carbon monoxide in, II. 

3446 

Toddy wine, I. 467d 
o-Tolidine, IV. 12d 
ToUen'B extractor, IV. 577d 

— reaction of cardiac glyco- 

sides, 11. 383d 
Tolu, see Balsam. 

Toluene, antiseptic, IV. 30d 
o-Toluene - azo - o - toluene- 
azo-^-naphthol, I. 6886 
Voluene, chloro-denvs., L 077d 

— dinitro-p IV. 466c 

— in lacquers, JJ. 4 72a 
petroleum, 1. 460d 

— mononitro-. IV. 4666, 407d 

, oxidation to henzaldeliydo, 

I. 6786 ; II. 42Stt 

— , benzoic acid, I. 6786 ; 

II. 428a 

— , production, IT. 42Sd 
Toluenee, nitro-, 1. 0706 ; IV. 
465d 

p - Toluenesulphanilide, in 
lacquers, II. 479a 
p - ToluenBBulphondicbloro- 
amide, 111. 366 
p - Tolueneeulpbonyl com- 
pounds of sugars, II. 2916 
Toli^^^acids, hydroxy-. III. 

m-Toluic acid from azapiii, 
II. 397a 

p-Toluididee, prepn., II. 378a 
Tolunaphtbazines, I. 500a, 
5676 

Tolupbenazine, I. 567a 
ToluBtilbazine, 1. 50Sa 
o-Tolylbydrazine, 1. 1976 , 
p-Tolylbydrazine, I. 1976 
o-Tolylaemioarbazide, 1. 197a 
Tonalite, IV. 7d 
“ Tonlte.*’ IV. 4046 
••Tonsil,^* IV. 248r 
!|pQpaz, 1. 264d 

^^'^Popaz, Occidental,” 5|3d 
To|m, oriental, 111. dOSd 


<< Topaz, scientific,'* V. 512d 
Topaz, Spanish,” V. 51Bd 
Topman^ur, topinambour, 

I. 407a 

Topped dyeings, IV. 127fl 
Tora, II. 4196 
Torlngin, VI. 976 
Totaquina, III. 1926 
Touchstone assay, I. 5266 
Touloucouna oil, II. 2776 
TourilB, IIJ. 75c 
Tourmaline, I. 264 d, 561a ; 

II. 356 

— , gem, V. 513d 
Toumesol en drapeaux, I. 
688a 

TouB-les-moiB, I. 4686 
Townsend electrol 3 rtic cell, 

III. 53d 

Toxicarol, 111. 559c 
Toxol, 1. 301c 
To-yaku, V. .516d 
Tpn, 111. 329c 
T.P.P., I, 263d 

Trace elements in j)lants, aee 
Ash* Boron ; Fertiliser, 
borax, remedial. 
Tragacanthin, VI. 1 566 
Tram oil, III. 244d 
Tram, V. 94a 

— silk, IV. 124a 
Transference number, VI. 

237d 

Transmutation of elements, 1. 
5426 

Transport number, VI. 2.37d 
Trap-rock, III. 5716 
Trash, V. 1466 
Trass in cement, II. 140a 
— , Rhenish, II. 14.5d 
Traumatin, VT. 138d 
Trauzl blocks, I. 355d ; IV. 
547d 

Trdfle, 1. 363a 
Trehalase, II. 300r 
Trehalose, II. 2986, 800c ; JV. 
331d 

— monophosphate, II. 29fla ; V. 

21d 

Tremolite, I. 499c 
-aabeistoa, I. 499d 
Tren, 111. 329d 
Trentepohlia iolithm, IT. 394a 
Triacetamide, I. 606 
Triacetin, 1. 606 
— , jilasticiser, II. 448c, 472f 
— , specification, II. 472c 
Triacetonamine. I. 68d 
— , nitroso-, catalytic; decom- 
position, VI. 2G2r 
Triacetondiamine, I. G8d 
Triamyl citrate, in lacquers, 

II. 472c 

Triamylstibine, n- and ifto-^ I. 
434c 

Triangular charts, III. 2c 
Triazidobenzene, trinitro-, IV. 
5430 

Tribolium confiimm, V. 3906 

Triboluzninescence, 11. 279a ; 

III. 22d 

Tribrotnohydrin, I. 259c 
TributylaxziineB, II. 176c 
Triisobutylene, II. 177d 
Tributyl phosphine, II. 170d 
Tri-3-carbazyl carbinol for- 
mate, II. 2796 

Tricarbocyanines, III. 520d 
— , indo-, selena-, thia-, thia- 
zulino-, thiazolo-, 111. 5276 


Tri^ka dllol, II. 5206 

Tricreayl phospl^te in dopes 
and lacquers, 11* 4466, 
469d, 475d * 

phenol recovery, II. 

306d 

Tricylene, elimination from 
bornylene, II. 33d * “ 

— , formation, oxidation, U. 
254c, 239d 

Tridentate groupl. III, 82Qc 
Trielaidin, IV. 258d 
” TfienoW* IV. 876 
Triethanolamine, I. 307a ; 

IV. 286c, 366o 

— , absorbent of carbon dioxide, 
II. 324d 

— in phenol recovery, II. 305c 

Triethylamine, IV. 355c 

— from acetylene, I. 84c 
Triethylcarbimide, IV. 361a 
Triethyloellulose, II. 466d 
Triethylene chloroh^drin, IV. 

3796 . r 

— glycol, IV. 3796 \ 

Triethylenediaminel IV. 376d 
Triethylenetetraxxium, IV. 

377a \ 

” Triethyl enetriamiiaB,” IV. 

377a \ \ 

Triethylhydrazonium\ iodide, 

IV. 302c 

Tr iethyloxamine , TV. 3636 
Triethyl phosphate, IV. 360c 

— phosphite, IV. 360d 
Triethylpiperazonium iodide, 

■ IV. 37 6d 

Triethylstibine, 1. 433c 
Triethylsulphonium hydr- 
oxide, IV. 3706 

— iodide, IV. 3706 
Trietbyltelluronium Iodide, 

IV. 372o 

Trifoliin, III. 2076 
Trlfolin, isotrifolin, III. 2O0d 
Trifolitin, III. 206d 
Trifolium app., I. 4996 ; 111. 

205c ; VI. 906, 134c 
Triformal disinfectant, IV. 
26d 

Trigenic acid, TV. 382a 
Trigermane, V. 522a 
Trigonella Foenum-yrwcum, V. 
2S0c 

Trigonelline or cafiearine, I. 

086d ; 11. 196d ; III. 602c 
Triketobydrindene, VI. 3076 

— hydrate, sec Ninhydrin. 

" Trim," IV. 466d 
Trilobine, uzonolysis, II. 4816 
Trimerite, I. 085a 
Trimethol, disinfectant, IV. 

296 

Trimethoxyglutcu'ic acid, 

— from sugars, 11. 2836 
Trimethylacethydrazide- 

ammonium chloride, V, 
5366 

Trimethylamine in Cedyoan^ 
thus occidmiaHa, II. 237a 

ergot, IV. 331d 

TrimethylbexizeneB, III. 467a 
Trimethylaf/obrazilin, a- and 
j9-, II. 72d 

Trimethylbrazilone, tri- 
methylhrazilonol, II. 70^, 
72c 

Trimetbyl carbinol, Tl. 171a 
TrimethyloelluloBe, II. 466c, 
477c 
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citiaie, HI. 1866 
IVimeihyldUiydrouolurasl- 
Idxiol, II. 726 

^nivwti^fllhydrobraBUone, 

’MxnWiytonA glycol» VI. 63a 
cyc/oTrlmetliylaneimixM, I. 
316a 

ci/c/oTrimethyleiietrinitra- 
mine, IIL 535<2 
Trimethylelhylen®, I. 301rf 
a - 2:2:3 - Tnmethyki/c/o - 
hexan - 4 - one - 1 - car - 
boxylic acid, II. 247a 
Trimethylhletidine, I. OHOd ; 
VI. 2376 

Trtoetbyloglucose, II. 2t)2a 
Trimethylphenol, antiseptic, 

IV. 7a 

Trimethylstibine, 1. 1316 

— - di -iodide, I. 4;i4a 

— oxide, I. 4316 
sulphide, 1. 434 r 

1 :3 :7-Trimethylxanthizie, 1 1 . 
137a 

" Trinol," IV. 466d 
Tri - orthopbenanthroline - 
ferrous sulphate, indi- 
cator, VI. 430d 

2 :4;6-Trioxyhexahydropyri- 
midine, 1. 020c 
Trioxyznethylene, I. 
a-Trioxymethylene, V. 313d 
Trioxymethylene, dtsiulec- 
tant, IV. 26d 

Triphenylbenzene, carcino- 
genic acti-vity, II. 380o 
Tripbenylmethyl ethers, of 
sugars, 11. 231a 

Triphenyl phosphate in iilins 
and lacquci's, II. 308d, 
4486, 472c 

, specification, II. 472c 

— urea in lacquers, IT. 472c 
Triphylite, 11. 195c 

“ Triplastite” JV. 40 Ir 
Tripoli or Tri polite, III. 579a ; 
IV. 2336 

Tripy, III. 323d 
Trisaccharides, II. 3016 
Trisazo benzidine dyes, 1V^ 
2206 

Trithioaldehyde, II. 1776 
T^ticin, tritjcimi, 1, 171d 
Triticum repeat, VI. 866 
Tritisporin, V. 550 
" Triioh:^ IV. 460d 
Tritolylene, I. 30a 
*' Triton,'* “ Tritim J3," IV. 
4fl7a : V. 131c 

“ Trityl ” derive, of glycerol, 
VT. 66a 

Trogoderma kharpa, V. 332d 
“ Trolite:' IV. 406d 
“ Tropacocaine," I. 363o ; III. 
224d 

TroptBolum majus, IV. 335c ; 
VI, 89a 

Tropical bleach. III. 02c 
Tropilidene, 111. 5356 
Tropine, III. 225a 
Tropopause, I. 6S7c 
Troposphere, I. 5d7c 
Trotyl (see also T.N.T.), I. 406c 
TruxilUc acid, 111. 1816 
TnudUine, a- and 8-, III. 222d 
TnixUlines, III. 224c 
Tnixiaic acid. III. 1816 
Try^aflaviiy^acc also Flavine), 


TVypanoaoma, effect of Mala- 
chite Green, IV. SOb 
TryparsamidSt** I. 4876 
“ Tryparsone," I. 4876 
'* Tryponarsyl" I. 4876 
Trypsin, I. 0906; IV. Slid, 
3136 

Tryptophan, VI. 4046 
— in bran and cabbage, 11. 596, 
182d 

Ta4-taaou, III. 336 
Tsuga canadensis, II. 2016 
Tsuxaresinol, VI. 202d 
TuTiII. 3336 
Tubera jalapce, III. 320r 
Tubocurare, 111. 459c 
Tubocurarine, 111. 453(7 
Tulipa gesneriana, V. 330a 
Tulipine, V. 330a 
Tung oil (see also China wood 
oil ; Oils, drying), 1. 1386 ; 
11. 203a 

Tungstates in candle wicks, 11 . 
2056 

Tungsten carbide, JJ. 2Kla 
* carbonyl, II. 357a 

- , de(n., assay, T. 530c 

, — , gi’avimetric, II. OOflo 

- , — in steel, 1. 530c 

■ , — , volumetric, 11 , 6086 

- filainenlH, V. 1716. 178a 

- grain growth, V. 17.56, 1786 

- - hexachloridc, action of (Irig- 

nard reagent on, II. 357c 
powder from WO 3 , V, 1746 
, pressing and Kintering, 

V. 175« 

- , qiuilitat've reactions, IT. 

554a, 5.50d, ,575d 

- , swinging and wire drawing, 

1706 

wire, drawn, V. 171d 
Tunffstic oxide, prepn.,V. 172d 
Tumcin, acotolysis, II. 442d 
Turacin, VJ. 104c 
Turanose, II. 2986 
“ Turkey-fat ore,” VI. 137a 

- Ked oil, 11. 52a, 420c ; IIT. 

2l5d 

- , in anti - diinming 

materials. 111 . 18d 

Turmeric, III. 401c 

- pai)er, 11. 526 
Turnerite, II. 5126 
Turpentine, V. 415c ; VI. 2B8c 

— oil, II. 243d 

syntJietic borneol fit)rii, II. 
316, 249c 

— camphor from, II. 249c 
Turpetbin, 111. 320d 
Turemoiee, 1 . 204d 
— , Alizarin, I. 2326 
Tussabsilk, 11. 18d ; IV. 123d 
" Tuiocaine," I,. 309a 
Tvicbosanic acid, IV. 258a 
Twice-coupling components, 

VI. 195d 

Twitchell reagent, ester prepn. 
with, II. 3726 

— reagentfl, reaction rates, VI. 

223a 

Tyllithinr 1. 4536 

** Tylmarin'* antiseptic, IV. 29a 
Tylose, II. 4806 
Typha-glncoside, VI. 076 
Tyramine, 1. 1 47d ; IV. 3226 
T^sibase, IV. 3156 
Tyrosine, I, 3176 
— , 3:5-di-Lodo-, I. 3176 

— in celery, II. 4416 


m 


/<*Tyrosi]ie, N-methyl-, V. 5l7a 
Tyi^flizie, oxidation, 11, 2786 
l^onite, X. 055d 


V 

• 

Ulex europtrtjs, V, VI. 

125a 

Ulexine (sec also Cytisine), VI. 
1256 

Ulexite, borax manufacture 
from, 11. lOd, 406 
— , occurrence, II. 30c, 856 
40a. d, 536 
Ullmannite, 1. 430d 
Ulmus spp.f oil from, IV. 278c 
Ultrabasite, V. 52()a 
Ultra-oentrifuge, III, 290a, 
0046 

Ultra-fUters, II. 408(/ ; III. 
282a 

Ultramarine, 1. 231c, 583c 
~ , Cobalt, 11. 25n; III. 218c 
— . Calm’s, IT. 25a 
Ultra-micrpscope, III. 280a 
Ultraquinine, 111. lOOd 
Ultra-sonic weaves, eft’ect on 
dispersions, III. 2926 
Ultra-'^olet light, disinfection, 
IV. 21d, foot-note • 

Umbelliferone, V. 414r ; VI. 
3lia 

Umbellu^ acid, III. 2.30c 
[/mbi/icaria pustulata, VI. 160c 
Uncineol, iV. 33aa 
Undecoic acids, VI. 204a 
Undeoylenic acid in cognac 
oil, 11. 422a 

ri-Und:ecylic acid, VI. 204a 
Univers^ buffer mixture, IT. 
123a 

— indicator, VI. 428(/ 

Unki, V. 428c 
Uracil, IV. 332c 

— , amino-, I. 0266 
— , 5-hydiH)xy-, 1. 630d 
“ Uradal," 1. 141a 
Uralortbite, II. 5126 
Uramil) 1. 02Kr 
Uraxnino-acids, 1. 3236 
Uranine, V. 272d 
Uranin, phosphor, 11. 2246 
Uraniniie, 11. 106a ; VI. 164d 
Uranium, detn., assay, I. 630c 
— , — , electrodeposition, II. 

702c 

— . — I gravimetric, II. 0O8d 
— , — , potentiumetric, II. 708c 
— . — , volumetric, II. 6686 
” Urakdum micas,” 1. 558a 
Uranium, qualitative re- 
actions, II. 655d, 550(S 675d 

— vanadate in camotite, II. 

392d 

Uranouji salts, qualiUtive re- 
actions, II. 67 Sd 
Uranyl salts, qualitative re- 
actions, II. 670a 
Urari, 111. 4596 
Urbain chafeoal, II. 317a ' 
Urea fertiliser, V. Oda 
— , reactioh with bromal, II. 
1066 

Urease, IV. Slid, 815a 
— , antidote to phosgene, II. 
822a 

Ur4t)bttin, 11. 887d t Yl. 976 
Ur^pbitqi^, Jl. 887d; VI. 976 
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Urethane, p-acetoxyphenyl-, I. 
T36 

— , double salt, with calcium 
bromide, 11. 235a 
pseudoVrio acid, I. 6296 
Uric acid, qualitative reac- 
tions, 11. 570d 
UricAee, IV, 3166 
Uridine, VI. 976 
“ Uritoner 1. 326a 
Urobilin, 1. 200c, 09 Ic 
Urobilinogen, 1. 0i)la, d 
Uronic acid, II. 2076 
Uroporphyrin, VI. 102a 
Uroroeeln, VI. 464a 
“ Urotropin,^' “ urotropim” I. 

326a ; IV. 27 d ; V. 32()6 
“ Urotropine quinatf'," III. 
Ursocholic acid, 1. OOOa 
Urson, uraoiie, 1. OOOc ; 111, 
4 :ir>c 

Urtite, I. 1.506 
Uter over din, I. 002a 
Uvarovite, V. 4206 
Uzaren, II. 330d 
Uzarigenin, 11. 382a 
Uzarin, II. 388d ; VI. 07c 


V 

•Vacclniin, vacciuin, III. 414d ; 

y. 3286; VI. 97c 
Vaccinium wyriillus, VI. 026 

— s/>p., I. 088c ; 111.4146 

— viiis-idcca, V. 328a ; VI. 07r 
Vacuum pans, IV. 40(Ja 
Valenta test f)f butter, 11. 1 00c 
Valentinite, I. 439d, 440a 
Valeric acid, antiseptic, IV. 286 
, a - arnino-S-piianidino-n-, 

1. irm 

, a-6-dianiin()-, 1. IfiOd 

in cafTeol, TI. 1986 

^aleronitrile, II. 172d 
isoValerylurea, a-bromo-, II. 
118d 

Valonia, IV. 270d 
Vanadates, qualitative re- 
actions, 11. .5556, 550d, 573d 
Vanadium as trace element , I. 
510d 

— carbide, IT. 281a 

— , detn., colorimetric, II. 6736 

— , gravimetric, II. 601c 
— , — in steel, 1. G30d 

— , — , potentiometric, II. 708c 
— , — , volumetric, II. 668c 

— ^ ^ ^ in Rteels, 11. 668d 

- in canarin production, II. 
261c 

carnotitc, II. 392d 

porpliyrins, VT. 1656 

— pAtoxide catalyst in SO3 

production, IT. 423c 

, oxidising catalyst, IT. 

427d 

sols. 111. 289c 

Vanashpati, V. 531 d 
Vanduara ” or “ Vandura ” 
rayon, V. 1156 

Vaidlla essence, detn. of cou- 
marin in, 111. 412d 
Vanillin from isoeugenol, IV. 
* 399a 

VanUlylamlne, formation from 
capaaioine, II. 272c 
Van't Hofl equation of change 
of equilibrium wVth tem- 
perature, II. 538a ^ 


INDEX 

Vapour condensation on nuclei, 
IV. 97c 

- pressures of immiscible 

liquids, IV. 36o ' 

miscible liquids, IV. 

30d 

paidly miscible 1 iquids, 

IV. 3.5d 

Vapours, organic, gasoinetric 
detn., TI. 684d 

Varontrapp’a reaction, VI. 
1776 

Variamine Ulue .Salt, III. .581c 
Varianose, V. 58a 
Variegated copper-orc, II. 32d 
Vat and vatting dyes, IV. 1296 

- anthra(Hjinonc, in- 
termediates, J. 408tt 

dye den vs., JV. 129c 

- dyes, 1. 205c ; IV^. 129a 

, solubilised, I. 42Sd 
Vautin electrolytic cell, 111, 
57a 

Vein-tin, II. 119c 
'• Velan V. 197c 

Velio glass - tube drawing 
machine, V. 591a 
Vellosine, V. 504a 
Velvet ore. VI. 101a 
Veratric acid, JV. 397a 

from eapsaiemo, II. 272c 

Veratrole, 11. 4316 
Vieratrum albuw, V. viride, II. 

Id; VI. 200c 
Verbenalin, VJ. 97c 
Verbenaloside, VT. 97c 
Verbena oJJ., VI. 97c 
Verdian, 111. 1076 
Verdigris, 1. 546 
Verditers, III. 354d, 356a 
Veridian, IV. 279c 
Vermilion, American, I. 304c ; 
111. 1136 

— in prepii. of Druimcr’s salt, 

II. 1196 

Vernine, Yl. 896 
” Veronal,*' 1. (I23a 
Vert Arnaudon, III. lOOa 
Verticilline, V. 3306 
Verticine, V. 3306 ^ 

Vert Plessy, III. lOOa 
“ Vesalvine,** 1. 326a 
Vesicants in warfare, III. Id 
VeArylamine, formation, II. 
393c 

Vesuviarite, II. 2346; VI. 

414a 

Vetch seeds, glyco.side, 111. 
326c 

VibTirnin, 11. Ic 
Vicat plunger, II. 144a 
Vicianase, IV. 3146 
Vicianin, VI. 97c 
— , sugar in, II. 3006 
Vicianose, II. 2986 ; VT.-98a 
Vida spp., 1. 2486, 511c, 068d ; 

III. 554c ; VI. 97c 
Vicin, III. 554c 
Vicine, VI. 97d 
Vieille test, IV. 5346 
Vietinghoflte, II. 512c 
Vignin, III. 4l4a 
Viking powder, IV. 554c 
ViUalstonine, I. 203d 
Vinasses, VI. 416 
Vinegar, I. 446 

— , analysis, 1. 47a, 536 ; V. 
297a 

— , artificial, and vinegar es- 
sence, 1. 40c 


Vinegar, preservative, IV. 28a ; 
y. 297a 

— , cider, date, distilled, grain, 
glucose, 1, 44d^, 46a 
— , spirit, sugar, white wine, 
wine, and wood, I. 44c, 46c 
“ Vinethene," I. 368o ; IV. 53a 
Vinyl acetate, I. 37d, 91d 

resins, I. 00c, 92a, 93c 

Vinylacetonitrile, 1. 2586 
Vinvlacetylene, Js 87c 
— , halogen derivs., J. 89a 

— resins, I. 886 

Vinyl allyl ketone, I. 906 

— chloride, I, 87d, 90d ; IV. 

374c 

- esters, I. 926 

— ctlier rosins, I. 93c 

— ethers, I. 35a, 92d 

ethinyl-dimelJiyl-carbinol, I. 

88d 

Vinylformic acid, 1, 137a • 
Vinyl halide re.sius, J. 90c 
Vinylite, I. ODc 
Vinyl plicnol.4 1. 91c 
Vinylquinuclidoneoxime, III. 

1596 \ 

" Vinyon," V. 1266 
Violanin, III. .^54c ; VJ. 98a 
ViolEUithrene, BS, Cl), B extra, 
I. 424tt \ 

Violanthrone, 1. 205c, 413d 
Violaquercitrin, VI. 95a, 98a 
Violaxanthin, II. 398d ; 111. 
181d 

Violerythrin, 401a 
Violet, Algol B, 1. 232d 

, Alizarin Cyanol. K, 1. 2316 
— , — Direct, 1. 2326 

R, I. 406c 

-, Amethyst, 1. 576c 
— , Aniline, I. 577c 

— - , Anthraquinone, I. 232a, 406c 

, Caledon, BN, XBN, I. 4176,c 
— , — Brilliant, K, 1. 4166 
-- , Cifianone, UW, I. 424 d 

— - , Jndanthrene, B extra, RN 

and RH, I. 424a, 3966 
— , - Brilliant, 3B, I. 4246 

— , Ins, I. 576c 

-, Methylene, BN, 1. 57Cc, 677a 
— , Neutral, I. 5696 

- , Perkin's, 1. 376d, 504c, 5776 
Violets, Acid, I. 120a 
Violet, Williamson’s, III. 4736 
Violuric acid, I. 246a, 620c 
i5oVioluric acid, 1. 246a 
Violutin, VI. 98a 

— , sugar in, II. 3006 
Violutoside, VI. 98a 
Viper venom, II. 24c 
Viridanthrene B, I. 424a 
Viridobufagin, II. 388c 
Viridobufotoxin, II. 388c 
" Viscin,” I. 692d 
“ Viscoloid,*’ 11. 4436 
Viscose (dextran), 111. 567c 
— , cellophane from, II. 422d, 
4526, c 

— , dispersion, IJ. 459c 

— manufacture, II. 342c, 4656 ; 

V. 117c 

— , ripening, V. 118c, 120d 

— silk, sec Rayon, viscose. 

— spinning, V. 119a, 1276 
, coagulating baths, V. 

120a 

Viscosity, detn. and specifi- 
cation, II. 4706 

— of starch, II. 302c _ 



Vitamin A in bran, cacao 
butter and maize, II. 026, 
186a, 4826 

of co^Uver oil, III. 2486 

, I'elation to carotenoids, 

II. 4026 

, replacement by carotene, 

II. 304d 

— Bi, ill yeast, II. 08c, 
103d 

— 7? in b»,n, cboct)latp and 

rice, II. 026 ; III. SSa ; II. 
4086 

“ I. 371c, 5836 ; VI. 138f7 

— II. 2876 ; VI. Ola 
in bran and maize, II. 

026, 4826 

, ribose in, IT. 2876 

— Bg, VI. I30a 

— C, I. 50Ic 

in cabbage and iiaprika, 

IX. 1836, 274d 

-“Dm cacao shell fat, 11. 1 HOd 
of cod-liver oil, 111. 2406 

— Dj, II. 202c 

— Da, II. 201c, 202c; HI. 

2406 

— Da, 11.203a; 111.240c 

— B activity ol cod-liver oil, 

alleged, 111. 2500, 

— — in maize and whoai germ, 

II. 4286, .'iO.'ic 
Vitamins 1. ‘>8.36 

— in butk'r, caiTot..s and cereals, 

II. 1016, ](i8a, 4(Ua, ISOd 
“ — hydrogenated la is, VI. 
18.')d 

wheat and yca.st , 11. 50, jc, 

103f/ 

Vitellin, v. jnembianc, \\\ 
25.5d, 6 

— in maize, II. 48 Id 
Vitexin, VI. 05r 

W7ts »pp , VI. 02c, I27d, 130c 

Vitrain, V. 350d 

Vitrinite, V. 3.516 

Vitriol, blue, 11. 256 ; 111. 3576 

— , brown oil of, 11. llOa 

' • j ('yprian, srr Vitriol, bhie. 

— , white, VJ. 1256 
— , zinc, «cc V^itriol, white. 
Vitrum antimoini, 1. 4476 
Vivianite, II. 256 ; lV^ 335c 
Voelckerite, 1. 440d 
“ Vol,” 1. TiSOd 
Volatility, relative, IV. 34c 
Volemitol, II. 200d 
Volgerite, I. 430d 
Von^SB dynamite, IV. 240d 
Vorobyevite, I. 684c 
" Voxsan ” disinfectant, IV. 20d 
Vulcanisation accelerators, I. 

126, 20c ; II. 1.57a 
— , cold, carbon disulphide in, 
11. 3436 

— ^ ^ — tetrachloride in, 11. 

3506 

— , xantiiaies in, II. 343d 

Vulgarobufotoxin, II. 3886 
“ Vulpinite,” 1. 372r 
Vuzin, III. 1006, 1086 


W 

Wad, II. 266, 3146 ; 111.2146 
Wag^er-Meerwein re.arrarge- 
ment, II. 238d 
Waaner's reagent, 1. 235c 
Walnut oil, IV. 866 
‘VoL. VI.— 39 
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Walsrode powder, IV. SSOo 
Warp dyeing, IV. i30c 
Washers, nee Absorption. 
Wasite, 11. 5126 
Waste-heat ImiJers, V. 4416, 
471a. 401d 

Water, detn. in grain, dielectric 
method. II. 71 Oo 
— * - with calcium carhido (.see 
alM) Water vapour, detn ), 
11. 82r ' 

— , “ tree," VI. 200rt 

— giis (.see ('urbiirelted water 

gas ; t'oke inanuriicture ; 
b'ucl ; tias, coal ; (Jas, 
water). 

reaetion, catalv-sed, VI. 

370d 

— hemlock, ciciitoxin in, 111. 

1206 

— in butler, II. 151>c 

— molecule, catalysis bv, VI. 

2.53c 

Waterproof fabrics, hejivy V. 

1 9.5d 

Waterproofing, c.isein in, II. 
4 1 Id 

— with cellulose nitrate, drying 
oils, rubber end r. latex, 
V. 104a 

syiiUielic resins and 

waxes, V. 10.5o, 100a 
Water puritication (see aho 
Disinfectants). 1. 2016 ; 11. 
320a 

-repellani fabrics, V. lOOd 

— with soft handle, \'. 

I!)7c 

Waters, dialybeate, bacteii.il 
oxidation, 11. 20a 
Water sterilisation, chlorine 
treatment. III. 30r 

— vapour, detn. {nfe nho Waler 

detn.), ll. 08.5e 
Wattle bark, 1. lie 
Wavellite, 1. 264d 
"Wax, China," VI. 496r 
Wax, Cliiiiese, V I. 4966 
— , — iii.sect , W. 4966 
cotton, W Hid 
East. Iridmii (Bpr.s), V. .5306 

— , tig, V. 171a ; VI. 1236 
, tlax, V. 2ri2r 

— , (letali, or Ooiidnng or ,Ja\a, 
V. 171a; VI. 1236 
— , insect, VI. 4966 

— Kondang, or Smnatru, V. 

171a; Vi. 1236 

— , vegetable, analysis, Jl. 
2026 

Weather-Ometer, 1. I07d 
Webnerite, T. 370d 
Websterite, I. 289a 
Wedekind’s reaction, ITT. 23r 
Weighing in analysis, IT. 
512c 

Weighting fabrics, TV'. 114a ; 

V. 187a 

Weissensteiner persulphate 
cell. VI. 3126 
WeiSBgiltigerz, IV. 500d 
Welding, atomic hydrogen, 

VI. 3316 

Weldon mud, III. 41a 

— process, III. 41o 
Welsbach mixture, V. 482d 
Wenk den, V. 72c 

Werner co-ordination com- 
pounds, III. 327c 
Weston cell, IL 104c 


‘ ron,” tm Ethane, tetra* 
chloro-, 

“ Westrosol,^* 1. OOc ; II. 428d 
Wet-on-wet painting, IV. 806, 

OOc 

Wetter astralil, TV. 5546 
Wetting agents, 11, 1706, 301a ; 

IV. 280a , 

, .sill phoiia led fatty al- 
cohols, VI. 183r 
, theory, VI. 508r, TiOOfl 

- , triethanolamine, 1. 307a ; 
IV. 3506 

- , Turkey Ked oil, II. 421rf 

- out agents, nee Wotting 
agent.s. 

Weyl's extractor, IW 577r 
- test for creatinine, III. 417d 
Whale oil, V. 22tl6 

for paints, 1\\ 856 

, hardened, II. 420d 

Wheat, 11. 504a 
, Durum, 1 1. 70r 
Hour, baking value, II. 504r, 
.5n.5d 


gi rm. cfi’ect <»n Hour, II. 505c 

- oil, II. .50rid 

- , vita mins in, 11. .50.5c 
straw, II. 5006 ; IV’. 50.5a 

Wheel-ore, 1 1. 53d 
Whetstones. 1. 4c ; Vd. 2706 
Whin. VI. 12.5a 
Whinstone, lit. 5716 
White, nliirninn, 1. 200d 
, American T’ans, I. 304i> 

, Aiit.iinoiiy, 1. 43tld, 440c 
argol, J. 401 d 
arKCTiic, I, I08c, 473a 
, barjtic (ICC alno Haryie ; 
Bl.im Hxe ; White, Per- 
nmncnl ), I. 6.5ld 
boil in degummitig Bilk, II. 
186 

- dittany, 111. 6026 
. flake, 1. OOOd 
numdic. 1. 100a 
ore, 11. 510d 
, Pans, 11. .518c 
, Pearl, 1. OOOd ; II. 3a 
, Perinnneiit, 1. 612tt, 65lc, 
651d 

Whiting elLTlrolytic cell, 111. 
50a 

Whitneyite, IV. 556 
WhorUeberry, 1. 6B8r ; 111. 

4146 

Widia, III. 2176, c 
Wiesenerz, 1 L. 20a 
Wildermann electrolytic cell, 
III. .56c 

" Wild ginger,” 1. 408d 
Wiley’s extractor, IV. 5776 
Willemite, V. 413a 
Willesden fabrics, W.apaperB, 
V. lOD ; HI. 355a 
" Wilmil," 1. 2516, 2536, 277c 
Winch inachiiies in dyeing, IV. 
1306 


Wine, III. 558d 
- citric acid in, III. 1006 
Wines in brandy production , 
II. 04a 


— , purification with ivory 

black, II. dlld 
Wintergreen oil, I. 6026 
Winter&g oils, V. 282d 
Winter oils, IV. 253a 
Winter's grass, citronella oil 
a from, III. 101a 
Wisdiut, I, 6046 
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Witoh-haeol, VI. 177a 
Withamlte, IV. 320ri 
Witherlte, I. 6816, e38a 
** Witherite, low-gra-cle,” I. 
061d 

“ Witt's rule " of colour origin, 
111. 8086 

Wobba index, V. 240c 
W5hlerite, HI. 310a 
WohlwUl process, VI. 1086 
Wolfram, II. 198d 
Wolframite, V. 173a 
Wollsbereite, T. 430d ; 11. 

518a ; V. 5200 
WollaBtonite, 11. 227c 
Wollney'B extractor, IV. 5 70a, 
5806 

Wood, coal formation from, V. 
330a 

— fuel, V. 330d 

Wood-naphtha, I. 163a; TII. 

r>5Ha 

— pulp for viscoHc, II. 40.56 ; 

V. 117c 

Wood’s glass - tube drawing 
machine, V. TiSiW, .5006 

— mel/al, I. 698d 

Wood Bmoko preservative, V. 
206rf 

— spirit disinfectant, 1 V. 206 
Wood-tin, It. 4l0c 

Wool, action of acids and 
• alkalis, V. 1086 

— j halogens, V. 1116 

— , inorganic salts, V. 

111c 

— , organic compounds, 

V. llld 

— , oxidising agents, V. 

lila 

— , reducing agents, V. 

noc 

, water and steam, V. 

100a, ]()7c 

amino-arid analysis, V. 1006 
---bleaching, II. 126 ; V. llOd 
, casein, .irtiOcial, II. 41 Oa 
-.chlorinated, TV. 123f! ; V. 
1116 

— , conductivity, electrical and 
thermal, V. 1076 

— crimpiness in, V. 96d 

— degreasing, trichloroethy- 

lene, I. 102d 

— - dyeing, IV. ]22d, 1306 

— , elastic properties, V. 104c 

— fat (see aho Cholesterol), VI. 

135c 

— Obres, dimensions, properties 

and composition, V. 00a 

, medullated, V. 07c 

Woolf’s electro-zone, IV. 216 
Wool, g reasy, analysis, V. 00c 
— . iso^ectric point, V. 108a 
— , a- and /S-keratin, X-ray 
analysis, V. 1026 
— , “ mercerising,” V. 1106 
— , “ pink rotted,” V. 986 
— , polypeptide chains in, V. 
laid 

— printing, IV. 180o 

— , slipe, II. 13d ,, 

— , stoving, II. 10c 
— , sulphur content, V. 98d 
— , “ unshrinking,” IV. 123c 

— waste fertiliser, V. 06c 

— , water adsorption, V. 103a 
WooraU, Woorara, Woorari, 
III. 4506 ^ t 

Worm, pink boll, V. 130* ’ 


Wormaoed, V. a63c 
— oil, American, I. 501a ; III. 
24d 

, cineole in. III, 1706 

Wormwood, oil, I. 6o 
Wort, II. 86d. 05c 
Wound ” hormone ” of plants, 
VI. 138d 

Wrightdne, III. 321d 
WufHiuyine, IV. 415d 
WuBtlte, II. 220c 
Wurtzite, IV. 307d ; VI. 136d 
Wurtz reaction, II. 303d 


X 

Xanthates as fungicides, II. 
343d 

— in vulcanisation, I. 12c ; 

II. 343d 

manufacture, TI. 342a, 343d 
Xanthation, viscose process, 
IT. 4056 ; V. ll«a 
Xanthene in to.‘L, II. 107a 
Xanthin, dye, 1. 1336 
Xanthine, IT. lOSa; VI. 086, 
]51d 

Xanthochroite, VI. 137a 
Xanthoeridol, IV. 333f/, 334 a 
Xanthogenatea, see Aa^ntliatcs. 
Xanthone, V. 55d 
— , 1:7- dihy<lroxy-3-mcthoxy -, 
V. 51 Od 

— , l:3:7-trihvdroxy-, V. 51 Or 
Xanthophyll, II. 176, 308a 
Xanthopurpurin, I. 212d, 
220c 

Xanthoqfuininic acid. 111. 178c 
Xanthoresinotannol, J. 0186 
Xanthorhamnin, 11. 120r ; VI. 
l)8a 

Xanthorrhaea .vp/i., \ arinsh gums, 
I. 126, OI8a 

XanthoBinase, IV. 31, la 
Xanthosine, VI. 0S6 
” Kara,” I. ,517d 
Xenene, JV. 10a 
Xenotime, II. 512r ; IV. 215c, 
321c 

'* Xeroform,** 1. 701a 
X-ray, see X-Kay. 

Xylan, 11. 287a, 303c ; VI. 201a 
Xylanase, III, 542c 
Xylan in cellulose detn., II. 
402c 

Xylene, I. 0716 
o-Xylene, I. 460d, 071d 
m-Xylene, I. 400d, 07 Id 
p-Xylene, 1. 400d, 071 d 
Xylene, carcinogenic com- 
pounds from, JI. 378r 
m- Xylene, from azafrin, II. 
307a 

Xylene, nitro-, I. 077a 
-- , trinitro-, IV. 4746 
XylenolB from irude phenol, 
Jl. 3046 

m - Xylidene, dehydrothio-, 

III. 553c 

— , isodehydroUiiO', TII. ri53c 
Xylidine, I. 5736 
d-^ylodeose, II. 288c 
** Xylonite," II. 4436, 4806 
Xylose, II. 2826, 287a 
— , dibenzoylgluco-, VI. 87c 

— from bran, II. 62d 

Xylyl bromide, prepn.. III. 
176 


y 

” Y ” aUoy, I. 2526. 277a 
Yams, IV. 10a • 

Yarrow, I. 119d 
Yeast, see also Fermentation, 
alcoholic. 

— , brewer’s, II. 986 ; VI. 5llo 
— , cider, III. 125d 
— . dried, IV. 597o ; V. 16a, 18d 

— enzymes, II. 99d, 103c ; V. 

136 

— extract, alcohol formation 

in. V. 28a 

, co-zymase from, V. 16a 

— in bread, II. 75a 

— juice, V. 13c, 

Yeasts, wild, II. 01a 
” Yel butter,” I. 654a 
Yellow, Acridine, I. 131c, 134a 
— , Algol, 30. GO, B, WG, I. 

416c, 418d, 232|n 
— , AJizanthrene, , , I. 410d 
— , Alizarin, and I. 206d, 
2336, 207a 
— , - r, V. 417a 
— , Antimony, 1. Idle 

— Bark, II. 2346 

Henzo b'nst, IGL,\1V. 222a 

— - , Benzoin, I. 2206 

‘‘ Yellow berries,” VA 98a 
Yellow, Biillianl, IV. 2216 
— , Bnttercup, 111. 1 13c 
— , C^admium, II. 104 a, d 
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